. EPOXI DATI ON PROCESS V\HE‘?R\EI N THE TI TANI UM OR VANADI UM ZEOLI TE CATALYST IS
PRETREATED W TH AN AM NO POLYACID 5 FI ELD OF THE I NVENTI ON Thi's, invention
relates to an epoxidation process to produce epoxi des from ol efins and

hydr ogen- per oxl.4e, di um zeol ite catal St that has.
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et hyl enedi ami net leu raacetic amé or aL sa thereof .0 BACKGRClJND OF THE

| NVENTI ON Many different nethods for the preparation of epoxi des have been
devel oped. Generally, epoxi des are fornmed by the reaction of an olefin with
an oxidi zi:ng agent in the preseRiE DORTHEHAVENTIONhe production of

propyl ene oxi de I en and an or | ¢ hydr operoxi de oxi di zi ng |
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i's commerci al lolefiny aed hnﬁdgére{s@mldeg)smgw ItﬁanunhQﬁ%aﬁadaﬁm%rolzféféé?alyétrlhéthe
presence of a solubilized denum cat aI yst, see

3,351, 635, or NARERI} Bgarrated by iGoRIACHNg Withsdn a@m%mlﬂ%mn@@endl schpst .

No. 4,367, 342, etl‘liléﬁétﬁémﬁ-lété’ﬂ%faﬁéﬁ’éééldBl‘%cC]v}athﬁéleait echnol ogy is the direct
epoxi datlon of ethylene to etEgXCene oXi }é' reaction 20 with oxygen over a

silver cat¥l yst. UnfortunatelBACKBRQYNDOF THEINYENTH@N not proved usef ul
hydlr oper oxi des epiﬁill"’l‘l;el ARt RIS K Y mrrlRiadi of IR ol ey
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propyl ene oxi dm silidar catelyst; spy UeBePal N &B6 7584, hiesReeEorHficRGally [Fratifedst
£t anosi 1 oa: Hbtvs ff Gieet SEMaRTorES! sRMlespa wByigndrmoeds braesctiont i on
of oxygen mnd withd ey bmrfmrstl%rhwlamﬁn UforR@Tafty dthel Sival tcatiyet Hagl MGt
agent. U S Pa ve'\éjuse?ul in cén%r%%rc:lalsecplog)adea%on o% l%tgﬁtle olefr:s
. Besides oxygen and alkyl hydroperoxides, another oxidizing agent useful
for. the preparation of epoxides is hydrogen peromde U.S. Pat. Nos. 4,833,260,
4,859,785, and 4,937, 2_16 for example, disclose the epoxidation of olefins with
25 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
30 catalyst comprises a noble metal that is supported on a titanosilicate. For
example, JP 4-352771 _dlscloses the formation of propylene oxide from
propylene, oxygen, and hydrogen using a catalyst containing a Group VIl metal
‘-—su0h as palladium on a crystalline titanosilicate. The Group VIl metal is
| believed to promote the reaction of oxygen and hydrogen fo form a hydrogen
35  peroxide in situ oxidizing agent. U.S. Pat. No. 5,859,265 discioses a catalyst in
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which a platinumnetal, selected fromRu, Rh, Pd, GCs, Ir and Pt, is
supported on a titaniumor vanadiumsilicalite. Qther direct epoxidatiqn
cat al yst exanples include gold supported on titanosili€cates, see for
exanple PCT Intl. Appl. WO 98/00413. s One di sadvantage of the described
di rect epoxidatign catalysts is that they are prone to produce by-products

'such as gl ycol whigh 3 platigimdpelal, §9f9@f€?¢bfﬂ0m)RU Rie Ad, A, h‘[:ﬂ!ldli?l;;lSOéU[Iprttﬁ&@ﬁXl de
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Pat. No. 6,417,378 describes a direc epox

the sel ectivit {nclusie gold supparted onditanssifcates, seyden exampler Bcﬂlyldﬂ ogeAl. ot he
presence of a ggkhgqgetal -containing titaniumzeolite is enhanced by
contacting the titanium zeolite with a | eaching agent such as lactic acid.
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zeol i t e cat al ysposidationroceatin
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Ti t ani um or vanaﬁll um zeolites conprise the class o c Su
wherein titani -or vanadi um atonms are substituted for a portion of the e

silicon atoms in tAe Wil tdngecﬁé,ﬁﬁpﬁggcm%h %@I% %e in %g@hwer ()

substances, and their production nown |n
exanpl e, U S. Pyirovements in fe spoddationimetieds aﬁ@iantalysﬁ sma hinleedistovnédim or
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t he framewor k. thegpoxiatioeobsiefing ani um or vanadi um zeolite enployed will
depend upon a nunber of fact Or%UMMLAWb%gTﬁQﬁ\ﬁEﬁ?‘I&Qd shape of
. The mventlon is a process for producmg epoxides from olefins and
| hydrogen peroxide usmg a pre-treated titanium or vanadium zeolite catalyst,
20 wherein the zeolite catalyst is pre-treated by contacting with an amino polyacid
compound. The process of the inventlon resu!ts in hlgher selectivity to the
desired époxide. ) ‘
* DETAILED DESCRIPTION OF THE INVENTION
| The epoxidation process of the invention utilizes a titanium or vanadium a0
25 zedlite. Titanium or v’a'na_c_i'iur‘n zeolites c'omprise the class of zeolitic substances .

wherein titanium or vanadium atois are substituted for a portion of the silicon
atoms in the latfice framework of a molect:tlar sievé Such substances, and their
production, are well known in the art. See for examiple, U.S. Pat. Nos. 4,410,501

- and4, 666,692, "

30 - Suitable tltanium or vanadium zeolites are those crystalline materials
‘having a porous molecular sieve structure with titanium or vanadium atoms
substituted in the frafneWork; The choice of fitanium: or vanadium zeolite
" employed will depend upon a number of factors, including the s'i-ze and shape of
the olefin to be epoxidized. For eﬁtample, it is preferred to use a relatively small



.the olefin to be epoxrdr zed. For exanple, it is preferred to use a .
relatively small 2 pore titanium or vanadi um zeolite such as a titanium
silicalite if the olefinis a lower aliphatic olefin such as ethylene,
propyl ene, or 1- but ene. Wiere the olefin is-propylene, the use of a TS-1

titani umsili @IS HEROEN @Eﬁéﬂﬁﬁwwzﬁﬁl%ﬁﬂ%@éﬁﬂw SQICBUPI&/W@I defimissach as
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~that of the Z%@é* gl um nosilicate zeolites), and "TS-3" (as described in
‘Bel gi an Pat . 01, 038). Titanium containing nolecular sieves having
framewor k structur Parttwtmmbprmbfanfedt titanienl bt eanduditim, zavlitedeintiude HSHa48,of
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enpi rical for rebitexidhd (T5-3) @soaeydmee i B&gra@@a@eﬁﬁ 9,004 @B8).aMatafiuR000.
Mor-e preferab:?é t he val ue of 0.01 to 20, 0.125. The molar ratio

of n t IeEhialig Molegliarsigkas having aragupn (Siructures, FPRMABRAMS IS Z9olte om
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titaniumrich zeolites may al sQ be desr rabl e. The synthesi's of titaniumor
vanadi um zeol iif&8UMZeglites Prefgtably RoRtAB ng elements; ethel thap titaniwadsiicanz éndi t e
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a silicon source, and a tenplating agent at a tenperature and%?or a
sufficient todWRIRKE. BPYIH DRaSHILIR saBPeANddhe illsema»rfheepresm reacti on

m xture is formed, prdiefréd’ etﬁéﬁlﬁﬁ abedl téeﬁnmf ab@ﬁ@raﬂgd Havk! ME [‘@ggitr?ﬁ't to

forma nol ecul ar ‘si eve. g reactiron ture is hea
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about 200@0 nds125. The molar ratio of Si:Ti in the latlice framework of the zedlite is
- advantageously from 9.5:1 to 99:1 (most preferably from 9.5:1 to 80:1). The use

of relatively titanium-rich zeolites rna_y also be desirable. |
The synthesis of titanium or vanadium zeclites is well known in the art.
o ' Titanium ‘or vanadium zeolite synthesis typically comprises reacting a fitanium or
- 25 vanadium compound, a silicon source, and a templating agent at a temperature
and for a tlme sufficient to form a titanium or vanadium zeolite. After the reaction
mixture is formed, it is reacted at a temperature and a time sufficient to form a
- molecular sieve. Typically, the reaction mixture is heated at a temperature of
about 100°C to about 250°C for a period of about 0.5 hours to about 96 hours in
3 a seéled vessel under autogenous pressure. Preferably, the reaction mixture is
heated at a temperature range from about 125°C to about 200°C, most
preferably from about 150°C to about 180°C. After the desired reaction time, the
titanium, or vanadium zeolite is recovered. Suitable zeolite recovery methods |

include filtration and washing (typically with deionized water), rotary evaporation,



preferably from about 150C to about 180C.  After the desired reaction tine,
the titanium or vanadium zeolite is recovered. Suitable zeolite recovery
met hods include filtrati onand washing (typically w th deionized water),
rotary.evaporation, -3 centrifugation, and the like. The titanium or

vanadi um zeolite may be dried at a_tenperature greater than about 20C,
preferably froesnttivgetidya@nddhatiset -Theditabiurrrosfvanadilign zadiits ialyadei diedoat a

vanadi um zeol i r reater_than a o 4
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pol ysul foni ¢ acids._Am no al so include the rel ated salts of the
amino pol yHci ds, fohe; W@?ﬁﬁﬁ:@f heelnvamtm itjlizas laaprieriecadea titaninn alr vaordium

amoni um sal t s,0fitd e
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: or more acid functionalities such as a carboxylic, phosphonic, or sulfonic acids;
20 three or more acid functionalities are preferred; and four or more acid
.~ functionalities are most preferred. Amino polyacids include amino polycarboxylic
| acids, amino polyp_hoSphonic acids, and amino polysulf_oni-c acids. Amino
polyacids also include the related salts of the amino polyacids, for instance the
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alkali, alkaline earth metal, or ammonium salts of the amino polyacids.
25 Preferred amino polycarboxylic acids include alkylenediamine pcﬁyaceﬁc |

acids, nitrilotriacetic acid, and iminodiacetic acid. Preferred alkylene diamine
polyacetic acids include ethylenediaminetetraacetic  acid, ethylene-
diaminetriacetic acid, and. the like, and their salts thereof. Preferred amino
polyphosphonic  acids include aminodiphosphonic  acids such as

30  (dimethylamino)methylenediphosphonic acid and (aminoethylene)diphosphonic
acid, and their salts. Preferred amino polysulfonic acids include amino disulfonic
acids such as 2-.methylém’inobutane—1i;4-disulfonate, 1-amino-8-naphthol-3,6-
disulfonic acid, '4,,4’-diamin0—1,1‘-bianthraquin‘onyb?:r,3"—disulfonic' acids, and the
like, and their_'salt's. Particularly preferred amino polyacids are the amino



. pol yphosphoni ¢ aci ds i nct ude ani nodi phosphoni ¢ acids such as 30
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the amino 20 * recirculated. Liquid hourly space velocities in the range of from 0.1 to 24 are
generally safisfa_lctory. When the contacting is performed as a batch-type
process, the titanium or vanadium zeolite may be contacted with amino polyacid
compound solution by agitating the solution and removing the supernatant
£ solution. The contacting time is preferably in the tange of from about 1 hour to
~ 25 30 days. '
- Contacting preferentially also encompasses separating. the amino
polyacid' compound solution from the contacted zeolite. For instance, after
- confacting, the titanium or vanadium zeoiité may -be collected by filtration,
centrifugation, decantation,-brrother such mechanical means prior to use in the
30 epoxidation reaction of the invention. After contacting and collecting the zeolite
by filtration, centrifugation, decaniation, or other such mechanical means, the
fitanium p’r vanadium zeolite may also be dried. The drying may be performed
under vacuum, with heating, or a corhbination. - Preferably, the fitanium or
vanadium zeolite is heated at a teniperature greater than 350°C in the presence



pol yaci d conpound solution fromthe contacted zeolite. For instance, after’
contacting, the titaniumor vanadium zeolite nmay be collected by .
filtration,” centrifugation; decantation, or other such-nmechanical neans
prior to use in the 30 epoxidation reaction of the invention. After
contacting and collecting the zeolite by filtration, centrifugation,
decant ati on, oof @hexydendeniaining ratmespheasans ant inert dast mmalmn@mr\pamigzhmme
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oxi de. 20 double bond may be present, as in a diene or triene for example. The olefin may
. bea hydrocarbon (i.e., contain only carbon and hydrogen atoms) or may contain
functional groups such as halide, carboxyl, hydroxyl, ether, carbonyl, cyano, or
nitro groups, or the like. The process of the invention is especially useful for
converting propylene to propylene oxide: : = - ' ( ).
25 The hydrogen peroxide may be generated prior to use in the epoxidation o
' reactlon Hydrogen peroxide may be derived from any suitable source, including
oxidation of secondary alcohols such as isopropanal, the anthraqumone process,
. .and from direct reaction of hydrogen and oxygen. ‘The concentration of the
agueous hydrogen peroxide reactant added into the epoxidation reaction is not
30 critical. Typical hydrogen peroxide concentrations range from 0.1 to 90 weight
. perceht hydrogen peroxide in water, preferably 1t0 5 weight percent.
The amount of hydrogen peroxide to the amount of olefin is not critical,
but most suitably the molar ratic of hydrogen peroxide:olefin is from 100:1 to
.1:100, and more preferably in the range of 10:1 to 1:10. - One equivalent of |



25 The hydrogen peroxi de may be generated prior to'"'_t]se_ I n the epoxidation
‘reaction. Hydrogen peroxide may be derived from any suitable source,
including oxidation of secondary al cohols such as isopropanol, the 3

ant hr aqui none process, and fromdirect reaction of hydrogen and oxygen.
The concent r afeiPgen pehexideisubeoretinglyrregeiredter oxidize one aquaatenhdfiatnanat o t he

I dati ' | Fy i cal, hydrogen peroxi de
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theoretically required to oxidize one equiyvalent of a nono- ‘
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reactant to opyirigen ss@prsérred.ty to the epoxide. The hydrogen peroxi de may

al so be generated jn.situ by the reaction of s hydrogen and oxygen in the
presence of a nobl g\ﬂ}ﬁl@ta&y 'QE%’!%FV&Q' cajglysi Gag wedhiized; 6@ canid,ogilves piasinuaind

hydrogen are paildditing irdime Cutiinidht Y @8midh Im ,leé‘al!élﬁtséhéﬁ#?é?gﬁianér Gr i
preferred. Wile any nobl e nmetal catalyst can be utfliZed (i.e., gold, _
silver, pliati ombinggan) sallagim; mlebnum andt igeld ngtab satalystsrearel paricalayst s) |
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al | oys. Howevénd padiadiligualioysy Havesver,r patticubdrl yepneﬁrml #d m?h)etglscm‘lysts Iafeta o
NG no e a an a u (0] .
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mat eri al. Support sFar suppeiriedinudlen metalt detalgsts, thEhsuppostrie prefapatily iacpdrais

restrictions . he of. s rt that are.ysed. For instance, . the _

support. can B@?’?}%‘r S&ﬁﬁ%ﬂs %S?i vﬁ@g—ﬁnqvm) ﬁlaét cHI%6F PERR0 pﬂa'FBlgﬁ resificiiops gani c

pol yner resi nen the prermfexdlpaﬁrtithiuimarmsled.q??ordﬁaa?mltmlgg@ﬁrﬂ% Bé irgr%émc 2, 3,

4, 5, 6, 13, qr.,14 el ements Particul arly preferred inorgani c oxide

supports i ncl ﬁ%‘gég'i ﬁ"o g, . hiarides. Fﬁ#’&ﬁi é‘?"d SIOARIGNPAYMEE ("EEINS i FFETamed

oxi des, -t aat ainonganic dxilesntube enddasosf Goup DU, &B) 6, 13, or 14 elements.
Particularly preferred inorganic oxide supports include silica, alumina, titania,
zirconia, ceria, niobium oxides, tantalum oxides, molybdenum oxides, fungsten
oxides, amorphous titania-silica, amorphous zirconia-silica, amarphous niobia-

silica, ceria-silica, and the like. ~Preferred .organic polymer resins include

7N
[
‘\ .

25 pollystyrene, styrene-divinylbenzene copolymers, crosslinked polyethyleneimines
and polybenzimidazole. Suitable supports also include organic polymer resins .

grafted onto inorganic oxide supports, suc_h as polyethylenimine-silica. Preferred
-supports aiso include carbon. Particularly preférred supports include silica,
silica-aluminas, titania; zirconia, ceria, nicbia, and carbon. |
30 Preferably, the support has a surface area in the rahge of about 10 to
about 700 m¥g, more preferably from about 50 to about 500 m?g, and most
. preferably from about 100 to about 400 m?/g. Prefer_ably,-the pore volufne of the
support is 'in the range of about 0.1 to about 4.0 mL/g, more preferably from‘
about 0.5 to about 3.5 mi/g, and most preferably from about 0.8 to about 3.0



oxi des, anorphous, titania-silica, anorphous zirconia-silica, anorphous
niobia- silica, ceria-silica, and the like. Preferred organic polyner
resins include 25 pol ystyrene, styrene-divinyl benzene copol yners,

~ crosslinked polyethyl enei mines, and pol ybenzi m dazol e. Suitable supports
al so include organic polyner resins grafted onto inorganic oxide supports,

such as pol yetmilgeniPrefarhb), |th§<’hveﬁiqb‘ pame@ siSe!RIPAhS SUPhSA ik riﬁ'th@@aﬁc_fé Ben.
Particularly preferred supports include silica, silica-alunmnas tani c;

zi rconi a, ceriapouhPebiosabail 08 ambonoresprefarably T abouthktosabpdra00hes, and
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P[) eferably, t h.gnlamﬁmgtwb&fd irﬁ!bﬁtlcﬂ} Zhe (tﬁupbb@eds lﬂlbgl@r ?et&ﬁ daffal élel;[d @es &f g v
about 0.1 to a m_nor refera rom abou ou m an
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typically in tshu@pmmemfe At cakBly§Onal ?%&0 EQR{ride @hﬁiﬁf@la'fmostéometéfo to
about 5 500 A, and .nost preferably abou 50 to about 35

preferred entfONaRIAg B’iﬂn{uﬁé ‘i’rn\Yéﬂ@Q“BW zeplde s apghonekie ﬁ@tﬂléfﬁ%ﬁltﬂnlwat af yst
conprises @ %hbe:umetz@bntéupn%t ﬁébl@nrﬁe?é}-ﬁrébeﬂfahﬁﬁ’i %ﬂl 6éﬁa%mrH”iémlteV<’f’é“aad' um

zeolite. The supporte nobl e netal- | yst may al so conprise a m x

of nobl e net alttardgmt ai H?'ﬂ@dlﬂmtmmmﬁrmﬂ?@ﬁd@r $igveethat tie f@@doﬁ@dd%d nOble
metal -free tlt,ﬁ@hpm or ‘to vanadi um zeotite. .The nobl.e netal -free titanium

or vanadium zeolite is a titaniumor vanadi um containing nol ecul ar sieve i\)
that is free of .addée swpppded neblalmetaheatglypbmntads acwibde metall Whileabiyys of

cont ai'ns a noth nrﬁﬁiea etc'}{g“claﬁ Y tlf}Eg { Qegﬂﬂlb éFebﬂJnﬁu&a[hﬁHSd:H@i rLdilﬁﬁU m.

(i.e., gold, ver, at1 num pa s ru
‘ei t her ‘al dde cstlthenluombrmran) @ﬁhelpdbhadr mmonpﬂ:mtlmwpaltamhrgppldttmand gold

Phe ! amoant ot s o e BeRRld, U Bl iR S SoBtang BEIELES “pysleicHe, Y e
- range of f romnmmwrbpfmobmnwtal gphesené irc thet sugmodédrmlﬂlystmnm% Ihd:héQaNQB oht
Phe nobi e et 07 SGH 28 et bireapl GreimteBE i o 18 °WEBRE Bttt 1 o
be parti cul ar Ipgritoularlyc@dD? t&d weight percent. The manner in which the noble metal is
20 incorporated into the catalyst is niot ‘considered to be particularly critical. For
* example, the noble metal may be supporied on the zeolite by 'impregnation,
adsorption, precipitation, or the like. Alternatively, the noble metal can be
incorporated into the zeolite by ion-exchange with, for example, tetraammine
palladium dichioride or tetraammine palladium dinitrate. I )

25 " ‘There are no particular restrictions regarding the choice of noble metal
~ compound or complex used as the source of the noble metal in the supported
“catalyst. For example, suitable compounds include the nitrates, sulfates, halides
(e.g., chiorides, bromides), carboxylates (e.g. acetate, trifluoroacetate), and
amine complexes of noble metals. The noble metal may be in an oxidation state
- 30  anywhere from O to +4 or any combination of such oxidation states. -To achieve
the desired oxidation' state or combination of oxidation étates, thé noble metal
'.Compouhd may. be. pyro!yzéd, calcined, reduced, or a combination thereof.

k Satisfactory catalytic. performance can, however, be attained without any pre- -
reduction. To achieve the active state of noble '"metai,, the supported noble metal



.exanple, the noble rretéfmay be supported on the zeolite by inpregnation,
adsorption, precipitation, or the like. Alternatively, the noble netal can
be incorporated into the zeolite by ion-exchange with, for exanple,
tetraanm ne palladiumdichloride or tetraanm ne pall adi um dini trate. } 25

There are no patlyst uhay ure&rga Qrepestment audhngs t ifBrRAokeatnidnt RDLE JEt al
conpound or coppl ex used a e source of the noble netal in the supported
REPaRR: o ue

catal yst. For™ CgeRMunds i ncl ude the nitrates, sul fat es,
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conbi nati on of oxidation states, e nobl e neta
pyrol yzed, caP@fieaied rtdaniyedor dﬂnadlumnmqim i dn thisepedibular mmmmtpme

catal ytic per gﬁéq r out an reducti on.
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catal yst may maérfq&wpn@ummpmmn sfiche awbidengtal, tFrefatamdynt thent;tamumear
_nltrogen vac referre
i nvention, thgéH(;g&%%retB ﬁt% asolg%qq\e;?re-tre ci]W'tﬁﬁﬁ'P'Ba@r? VQH@D@&Y&E oble’ 'E%t@fl ed
out in thao pr Esefpoeatioii. a Hhtie ditamiziral or araiiingi 2ol 19 bﬁéﬁtrmeorwstfﬁaﬁm&m :
Vanadi um zeol PR KB R mietf hforpfianmiBR Prorinatot RiEaITLoh WHeURdi um
2 lite may bm@ﬂesk?mmabe?ae?{édﬁat&m amhsea@edtefewﬁé}glawo iﬁror%lérgto &move
0l1owi ng inc LRQrati on o eferably, the titanium or
~ vanadi um zeol ' 48 ng\’ ‘dd?'l?rt gg'i"g&lc%"t?fréﬂ%@efﬁﬂ Va{lﬂaéﬁdpm%ﬁret*@aﬁﬁ%l e
metal to- i ncttap@iRbl anadiimtAeelitiis @ueaté@a%rtehﬁﬁaﬁdiuﬂé@g%é‘&éf Hanl S50RE Earld €at ed.
with amno polyacid prior to noble netal incorporation, e pre-treated :

titani um 8 vARERINREraioIfion: alisotd5He theabwd 8R0°€. téﬁmh@ut&mp@raateer
Lhan 350C | 1 il by SRRAABE 1A THA0 <BObIARNE AT, SORHOTRH 87, O
heated at t en@é&gﬁﬂu&é@ gy aiflegen,tdargan,3%@E, haliuin ios tholile areieuratiteredir @y about
2 rcemher o SRS dRE L AL Bk i IR R SRR B 618 0o
neon, heI i um Banti9oaa mwnmmemxygereprafemblgdéss fBan ZDQOtpmhanAllsa,l thy hésatery of
oxygen”, ‘bf | a8 Uonkl&kd il Gn' cX55dn-RSHBAR %ea{tﬁ'lo%gﬁér%' 85cH &88iror a mixture
' ' of oxygen and an inett gas. Alterna’t:vely, the catalyst may also be heated in the
presence of an inert gas such as nltrogen prior to heating in an oxygen-
- containing atmosphere. The heating process may be conducted such that the
) e gas stream (inert, exygen-containing, or both) is passed over the pré-treated
25 fitanium or vanadium zeadlite. A!tematively, the heatmg may be performed in a
static manner. The zeolite could also be agitated or stired while being
contacted with the gas stream
The noble metai-contaimng titanium or vanadium zeolite catalyst may also
comprise a mixture of paliadium-contammg titanium or vanadium zeolite and
'30 palladium-free titanium or vanadium zeolite. The paliadium-iree titanium or
vanadium zeolite is a titanium or vanadium zeolite that is free of added paliadium.
 The addition of a palladium-free titanium or vanadium zeolite has- proven
beneficial to productivity of the palladium that is present in the catalyst.



t‘han 10, 000 ppm nol e'oxygen, preferably | ess than 2000 ppm Al so, the

heating 20 may be conducted in an oxygen-contai ni ng at nosphere,

or a m xture

al so be heated in the -
heating in an oxygen- containi ng atnosphere.
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wat er, super crijbbigclt witBdvateF M xtures thereof. Suitable. alcohols include
s  such as met hanol, ethanol, isopropanol, and tert butanol,
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n the 7 qu or supercritica

known in the art,

Buffers useful in this invention include any suitable salts of oxyacids, the

. nature and ,propcirtions of which in the mixture, are such that the pH of their
solutions may range from 3 to 10, preferably from 4 to 9 and more preferably

. from 5 to 8. Suitable salts of oxyacids coniain an anion and cation. The anion

30

portion of the salt may include anions such -as phosphate, carbonate,
bicarbonate, carboxylates (e.g., acetate, phthalate, and the like), citrate, borate,

~ hydroxide, silicate, aluminosilicate, or the like. The cation portion of the salt may

include  cations such as  ammonium, alkylammoniums  (e.g.,
tetraalkylammoniums, pyridiniums, and the like), alkali metals, alkaline earth
metals, or the like. Examples include NH., NBus, NMey, Li, Na, K, Cs, Mg, and
Ca cations. More preferred buffers include alkali metal phosphate and
ammonium ‘phosphate buffers. Buffers may preferablly contain a combination of

more than one suitable salt. Typically, the concentration of buffer in the solvent

_is from about 0.0001 M to about 1 M, preferably from about 0.001 M to about 0.3
M. The buffer useful in this invention may also include the addition of ammonia

i¢

ageous to
use a buffer. fPH8 abefferrsalitian. t Vg buffersobdioadd enployacin thelreactiontto infiibitm a

e fbRfatH bFIRal bl GRclieigR! QR bBokilfidnta Bk 42 A bi t
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_the formation of gl ycol’s or glycol -ethers during epoxidation. Buffers are
well known in the art. 20 Buffers useful in this invention include any
sui tabl e salts of oxyacids, the nature and proportions of which in the
m xture, are such that the pH of their solutions may range from3 to 10,

‘preferably frgeso the Ractordsystern. Thefprocdk)of the PREAtdAmEy b@%h?%'cﬁitﬁ%ts of
oxyaci ds cont The ani on portion of the salt nmay

| i on_and cat.i on
i ncl ude ani ong QCUC ﬁzoﬁﬁmfﬂ’rﬁs (o aReNi-confimyiis, manner using; AW pRRapEate type of
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hydr oxi de, sil al um no icate, or .the |IKke. at16on portion'of
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earth nmetals, or the |ike Iesmc e NH4,
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phosphate andysaMFoRisU d&l@g ph f erahly contain a
_conbi nati on of m)rest an o%e Zhli%t gﬂé%e[%%gap@ﬁay ca%&{'ﬂi b( é'ﬁcfer &ion
of buffer in f@RUes¥Rlent is from about 0.0001 Mto about 1 I\/l preferably

‘from about 0.001 t T, r.use in.this,inven |on may
“al so include the g%%@%’?%ﬁ}ﬁo? Qco‘?'dlnyto tﬁ%dng%rg%{]o%t ﬁ%’??%é’&'f i35 é‘if@lﬁ%f Urérhe
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sem -conti nuo an e reaction vessel or
appar at us sucﬂ'%a%ﬂgggfﬁgﬁgdggd %ﬁéﬁ%ﬁ %@ddd@&ui'g?%‘g'&”%des’d@?qeﬁ“’éas
“slurry, or CSRfrowaabaut. 1 ﬁﬁﬁut@atb&ta/ﬁbuﬂss nire ferRPADly I1nmm£e kOB

su ensi on or f éﬁd bed. Kno s for conducting netal-cata

epoxi dat’i ons Pe APRICPTRe entaggoLs dp tvagk 1ot ageriessuie| of 1aos©0(be

suitable for amphargshl S process Thus the reactants may be conbined all

at once or sequenfl ally oxi dation accordl ng to the invention is carried
u

out at a tenperatut® quISqup@@mm@S teeraiyhiflesieate fee drventien] dhesé skilled in
epoxi dat i on, mgeéremblryc i :

preferably, 20C. eg??:z‘gﬁﬁgﬁy ?ggéﬁd%zlrslctgatt %%g\grﬁﬂ%?%%ﬁé%oﬁqrﬁ\gﬁlﬁhte to
48 hours, m)r%n peARs @lthe cleim$.nute to 8 hours will typically be '
appropriate: |L s EARpeess ROTATREAMENPRSPUORTALSP, 100

atnospheres. 15 The fol |l owm ng exanpl es nere | uStrate € invention.
Those skilled in T9-1can be made accordmg to any known literature procedure. See, for

20 example, U.S. Pat. No. 4,410,501, DIRenzo et. al, Microporous Materials
(1997) Vol. 10,-283, or Edler, et. al., J. Ghem Soc., Chem Comm. (1995}, 155.

Cataiyst 1A: Spray dried TS-1 (15 g, D% TS-1, silica binder, 2. 0 wt.% Ti,
 calcined at 550°C. in air) is suspended in a saturated .agqueous
= 25 ethylenedlamlnetetraacetic acid (EDTA) solution (150 mL of 0.5 wt % EDTA)

' solution and stirred at 60°C for 18 hours. After filtration and washing (3 times
with 100 mL Water) the obtained solid is air-dried at 110°C, and calcmed in airat
550°C for 4 hours. Catalyst 1A contams 1.8 wt.% Ti.

Catalyst 1B: Spray dried TS-1 (20 g, 80% TS-1, silica binder, 2.0 wt.% Ti,

30 calcmed at 850°C in air) is suspended in an aqueous dipatassium

ethylenedlammetetraacetjc acid dihydrate (K.EDTA) solution (300 g of 3 wt.%
K:EDTA solution) and stirred at 60°C for 18 hours. After filtration, the collected
solid is washed with water (3 times with 100 mL). The washed solid is then
refluxed in an acetic acid solution (100mL of 0.1M acetic acid) for 1 hour. After

”,.'.::\
'
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the art will recognize many variations that are within the spirit of the
invention and scope of the clainms. EXAMPLE 1. EDTA TREATMENT OF TS-1
CATALYST TS-1 can be made aecording to any known literature procedure. See,
for 20 exanple, U S. Pat. No. 4,410,501, D Renzo, et. al., M croporous
Materials (1997), Vol. 10, 283, or Edler, et. al., J. Chem Soc., Chem

com, (1998). Mo halieshinkff GRS D0 el 1 S o B, e

aqueous 25 etalyl€0'Qiand neicimeddacait at 550700 fof EDRAYrss oCataiyah 1(815@1t§in30’f.80- S
wt . % EDTA) sol\wry,/o? and stirred at 60C for 18 hours. After filtration and
washing (3 ti Wth 100 i water), the obtained solid is air-dried at
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filtration, (BWV'IQ&'PE Ur€olid is washed with water (3 times with 100

m.). The washed soIAd;oh_ﬂ hhem t
of 0.1M acetic z forIo howsﬂﬁkﬂjgﬁeﬂ &oﬁﬁ@%@%@aﬁ%&@@cﬁ]pn&@%&“ res

with 100 nL we®tr)MeQkd bhieatddasd 5% Hazhils addpddo at12540iC PARE reartarned
n air at 0 r S O 2:
EPox! DAl G CLR%E’%’L%E %51 Bk Thd EAEARR (315%) ]%é”%‘yg"géﬂh tbé?é@éfbﬁ
conpar ative exgflgian andibgreanter l&AhamdthhaprepyiaeedZO a). b'ﬁne:domsysjaml isn of
ropyl ene wt etarely n I '
Eol 5¥| on of ngthﬁgﬂf) vvaafg?qgnﬁ@ rog%én g'e}{?%?.hg&“ J&@h Oqﬂnp@%q?{ﬁ)ﬁgﬂ%gg§4% T )
McOH, 11% H20, Permddsds Hetermines bbdttajlondsadlmahmsumawmhmt)t and therodudtpped -

W th a sti rr| | yst (0.15 g) is suspended in the reaction
.sol ution, ebég{aéyé%@s"g&a?g charged with propyl ene (20 g). The cl osed

system i's 15hen heat'Ehb msub® are shovdlinfhable €s. The concentrati on of unreacted

hydrogen ) - ber oxi de | ol etk ER PR T8 ERYALGRY fate method)

and the products are ana
Com aratlve Catalyst 3A: Spray dried TS-1 (16 g, 80% TS- 1, silica binder,

2.0 wi.% Ti, calcined at 550°C in air) is slurtied in water (14 g). An agueous
solution of tetra ammine palladium dinitrate (0.299 g agueous solution containing'
20 5.37 wi.% Pd) is then ‘.added, and the slurry is stirred at 30°C for 10 m.inutesT
The pH is_adjusted to 7.0 with 30 Wt.% ammonium hydroxide and the slurry is
stirred at 30°C for an additional 35 minutes before adjusting the pH to 7.6. The
slurry is filtered and the filter cake is washed with water (100 l"hL, three times).
“The solids are vacuum dried at 55°C for 6 hours, then calcined in air at 300°C for
25 | 4 hours. The calclned so![ds are then transferred to a quartz fube, heated to
- 100°C and treated WIth 5 vol.% hydrogen In nltrogen (100 cclmm) for 1 hour,
" The dried solid contains 0.1 wt.% Pd and 2.0wt% Ti. '

Catalyst 3B: Cataiyst 3B is made according to the procedure of
' Comparative Catalyst 3A, except that Catalyst 1A (16 g) is used in place of the
30  spray dried TS-1. The dried solid contains 0.1 wt.% Pd and 1.8 wt.% Ti. 7
' Catalyst 3C: Catalyst 3C is made -according to the procedure of
Comparative Catalyst 3A, except that Catalyst 1B (16 g) is used in place of the

~ spray dried TS-1. The dried solid contains 0.1 wt.% Pd and 1.8 wt.% Ti.

12
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15 The results are shown in Table 1. EXAVPLE ‘3: PREPARATI ON CF Pd/ TS-1
" CATALYSTS Conparative Catalyst 3A: Spray dried TS-1 (16 g, 80% TS-1,
silica binder, 2.0 w.%Ti, calcined at 550C in air) is slurried in water
(14 g). An aqueous - sol ution of tetra amine pal ladiumdinitrate (0.299 g

aqueous sol uti mmewmﬂséﬁz @@Znnﬂnéﬁuﬁg# pmph%wewﬁw H?Dﬁddﬁ%s' urey

is stirred at 30C for 10 m nutes. he pH adjusted to 7.0
amoni um hydr oxi de and the slurry |SAN&®W%NN 30C for an additi onal 35

riutes before: ad) kabudiek ey e coBM b b ke il
.vacuum dri ed apoddationoof propylens, ushignoxygeni aprdl hiydregen &t caf@ bot ZEhet

hour s. The C transferred to a quartz tube, heated to
100C and tregﬁogé&%%tﬁ%éﬂ%??%/&ﬂé@ %ngn in nitrogen (100 cc/mn) for 1 hour.
“The dried solid coft@i g athroniimoptiedphaie tﬂJﬁérwblL%)ﬂ' iis plegiardd by Bdsdiving
Catal yst: 3B i s_mmad aordi ng 1,0 t rrpratlv 3A,
except that C%rtngl‘% mf‘%yc’i‘é?eg')ml%!’lﬂ%sﬁ @ﬁﬁ% ® 13f5 gﬁ'@ W'é?ﬁf‘ﬂ%e&?é@

-'I(;g— 1i TheSCCi:r i gd Aqileahscamg@hmm Bydkﬂxﬁe%@ﬂfa AMJOH) & wiads 6 the@iﬂ@cigﬁa{ntlBC 3n
-Cat al yst [ accordi ng,to the_procedure ti ve Catalyst
except that (ﬁ'ﬁaﬁ §"t‘ac§5 %V )m?té:' ug-gﬁ"io ”Eﬁﬁ%@’eoﬁo&%ﬁ gﬁﬁ%'pcﬁﬁﬁ%%¥°rs-
The dri ednsole)ehaugﬂmorrﬁLmtﬁd%n%e&dm@d 1. .% Ti. 12 EXAMPLE 4: D RECT
EPOXI DATI ON OF P YLENE W TH,_ HYDROGEN AND OXYGEN To eval uate the

performance of the™cHPHINgs BEIUfeR i3, 1Ben nrerarad e diuting,d 25 e9 o Mgt PdnMof

propyl ene usi étﬁnsamrprﬁa@ghmddmeaoiuﬁoﬁ%fﬁ 8GN 12H§ odeé:&théaw&%r
pgocedure is_ enpl M ammoni um phosphate buffér solution is

prépared by dfk Hl"@PQ\@"th&@ﬁFBﬂ“QlﬁQﬂ@ydr ogen phosphate ((NH4) H2PO4, 11. 5 9)

in deionized water &w‘%ﬂ,}
added to the sol utTtgegQ%?Pl&% SVM%S’H&?%S&T?GO%\%S;HHEQ%%I %‘?’QRﬁe vol une of

the sol ut Fon ©8s@Rdriquistiesds eater the regctora@nd 9x1ntbwgmarvmﬂetdsﬁﬁrormaf@ufst/vat er.
A wor ki | t M
wor ki ng sol ¢ § PQn &f;iaﬁg SBIEBAY m}d&.—é ggpgﬁ gg—ﬁ'%z%agfor d2€3 QuinyM 1

. ammoni um phosph er so ut| g of e| oni ze wat er,
and mi xi ng w $l{qrrymﬂ ﬁbm(;eac(tcm;@ I@ated to 60°C under about 300 psig, and is stirred at

1000 rpm. Additional working solution is pumped through the reactor at a rate of

about 30 g/ir. The gas flow rates were about 4500 sccm (standard cubic

20  centimeters per minute) of & vol.% oxygen in nitrogen, 280 sccm propylene, and

135 scom hydrogen. Propylene oxide and equwalents . POE") which include

propylene oxide ("PQ"), propylene glycol, and glycol ethers, are produced during

the reaction. The products coming out of the reactor (in both vapor and liquid

7y phase) are analyzed by GC. The r_esuits'_of the GC analyses are used to
25  calculate the selectivities shown in Table 2.
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The reaction systemconsists a 300-cc stainless steel CSTR type reactor.
is Gas and liquid feeds enter the reactor, and exit through an outl et
filter. Catalyst (6 g) and- worKi ng sol ution (100 nL) are added to the
react.or as a slurry.! The slurry in the reactor is heated to 60C under

about 300 psig, and is stirred at 1000 rpm Additional working solution is

B dbout “sanot ARG ERRuEROIRAR) et s Rrd HiprOBRIPBEREDALEL S| 3,

wer e about 450

oxygen in nitrogen, 280 YSING MREATEMANDEUNTREAT S CATIAYYSagen. Propyl ene

oxi de and equivalents ("POE"), which include propylene oxide ("PQO")
ethers, are produced during the reaction.

propyl ene glycol, and glycol The

products com nd out 0
anal yzed by GC.| Catayst
t'he sel ectivitiles.sha

Theo;eac
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ULTS
) POE

not

232

5.

ethers) * 100.* &g

tmie Ek%:m [NUO0S DI'RECT EPOXI L)/-\Il U\l RESUCTSI0 Car al yst

W % Pd Productlwta/@% eIchw%‘VZ 3A* 0.48 85 3B 0.1 0.55
89 3C 0.15% chvily5 mples BP(ele lgs ﬁivfe?&dd?fr!%ﬁgﬂvy*"-‘-’f“ﬁﬁsbrﬂé’ﬂpm
produced/ gram of catal yst per hour. 2 PQ PCE Sel-ectivity= m)l es PO (noles
PO + nol es glycols +-noles glycol ethers) * 100.

TABLE 2: CONTINUOUS DIRECT EPOXlDATION RESULTS \)
10 |
Catalyst | Wt%Pd |  Productivity Selg’%‘;ﬁﬁ,@ 2
3A* - 0.4 0.48 85
3B 0.1 055 B9
3G 04 045 90 -

* Comparative Example

Productwlty grams f0E produoedr’gram of catalyst per hour. :
POIPOE Selectivity = moles PO/(moles PO + moles glycols + moles glycol ethers) 100.
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. 14 W claim 1. An epoxidation process which conprises reacting an
‘olefin with hydrogen peroxide in the presence of a titanium or vanadi um

zeolite, wherein the zeolite is pre-treated by contacting with an am no
pol yacid conpound. s 2. The process of claim1l wherein the zeolite is a
titaniumsili ¢gl} . 3. The process of claim1l wherein the zeolite is
TS-1. 4. The process of claim1 wherein the olefin is a C2-C6 ol efin. 5.
The process of claflm | Amapekidatibre paetase whitly aomprisespeactihgi sn ckfihesitied

ot yphosphont tYBBEA Beldite R s PLARNRE LY B of arfiehfi el et Bare o
,The process ofzeciltmsmrb—tvdﬁe@byl cbitactiny with a@bm poliyaci¢ ebpbast.f rom the

group consisting o | enedi am tet ceti
et hyl enedi ani netri é\cet Pﬁhe B@Fﬁ?g ‘?'f"l {)W ﬁ]eczeggﬁeds ajtifaniymisiicaitec acid,
and m xtures theredf. TrheTmcessmmarmf whbRiinTtHe Mg Tsteact i on of . ol efin
and hydrogen per £>|1<| dec-,ll erforrrfe I n a, sol v?_ﬁt sel ected fromthe group

e <

consi sting of wat mﬁ?%‘ﬂcﬁq@m Lwperain the daiin iBEX-Gnalefiixt ur es

thereof. 8. The pr&cessTiyd pedoabgnof cwrﬁwneréwtméﬁm&epo@%nwoﬁﬁ)oﬁﬁdﬂ&r med
by 15 the in _sjtu reaction of hydrogen and oxygen in resence of a

noble metal E5eSEJsfromy thengroypoerisisitng - of aming ﬁﬁ'@?@bﬁxﬂlﬁeaﬁéﬁl ETHRQ al ,
cat al yst qanpbbﬁﬁﬁosp%oﬂ@tﬂcﬁ%hﬁﬁo Bé\ stﬂfoﬁlépélﬁﬂst and thixthR$s RERBESS of claim9
wherein the noble netal_is selected from 20 the group consi sting of
paI | adi um pl atinufy anthegpogessiaf claimet wh@mwe(ﬁml@paaomglmmeiecﬁedtfm

upport is .se f r
z r):onl a, cer ngélﬁgggfjﬁﬁ]k%ﬁﬁﬁ &ﬁﬂﬁﬁnf(ﬁ%ﬁie?%t}d&%eﬁ’é allg, %ﬂ@enéc}h&:ﬁ]mr?glac? El%t al um
oxi'des, nol ybasHuriristrigeatic aqmg@tr@dla@ﬁticd@@ﬁ and mmttues #dreafa, ,
zirconia-silica, cegria o Sk | p S
di vi nyl benzene copgl yrreﬂé b@ggésllc?ﬁﬁw ll wﬁ?}ﬁy'%lgélzé%fjﬁg%m é%‘r ﬁ;r/]o%&en
pol ybenzi mi dapefoxide iarperiormed ies sdhfandaeélectbﬁ from teg groupatorsisting @f egterhi ch

conpr i ses 1 eagt Ii@hcl, Ehbdorindl BA95H AR BIHGEoL 1 the presence of a

nobl e net al - cont @i ni ng
. 8.~ The process of claim 1 wherein the hydrogen peroxide is formed by
15 the in situ reaction of hydrogen and oxygen in the presence of a noble metal
. catalyst ,
8 The process of claim 8 wherein the noble metal catalyst comprises

- a noble metal and a support.

10. The process of claim 9 wherein the noble metal is selected from
20  the group consisting of palladium, platinum, and gold.

',‘ .:f.\.
e

11.  The process of claim 9 wherein the support is selected from the
group consisting of carbon, titania, zirconia, ceria, niobium oxides, silica, alumina,
silica-alumina, tantalum oxides, molybdenum oxides, tungsten oxides, titania-
silica, zirconia-silica,  ceria-silica, niobia-silica, polystyrene, styrene-

25 divinylbenzene copolymers, crosslinked polyetﬁyieneimines, polybenzimidazole,
and mixtures thereof.

12 An epoxidation process which comprises reacting an olefin,
hydrogen and oxygen in the presence of a noble metal-containing titanium or
vanadium zeolite catalyst comprising a noble metal and a tita,ni'ukm or vanadium

30 zeolite, wherein the zeolite is pre-treated by contacting with an amino polyacid
compound.

15
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vanadi um zeolite catal yst conprising a noble nmetal and a titanium or

vanadi um 30 zeolite, wherein the zeolite is pre-treated by contacting wth
an am no polyacid conpound. 15 13. The process of claim 12 wherein the”"
olefinis a C2-C6 olefin. 14. The process of claim 12 wherein the am no
pol yacid conpound is selected fromthe group consisting of am no

pol ycar boxylic acids, 1 NQ ol yphosphoni c_acj ds m nag, pQl ysul fonic-
aci ds, and. m xtur e@?t hjﬂg&rm‘%sl'éc? é%ﬁ%@@?“ﬁ@eﬁ‘a{? ﬁ}qzzeﬁl\%l‘@ﬁj%i n the
ani no pol yacid is el edhedhrobesuot Eging 12 whefdli thé tahiido Pblyacid compound is

et hyl enedi ami nc?t <={§t ra@get* c acid, et h}(l.ene- di am netriacefic acid;,
nitrilotri acetaecteyi HOM; the, SHPER cEqneistpg qof AMinei Relyearboxyiier aelds, amine The

process of cl;@dly@hb%pnméahiasr%ﬁ@d’rméaifomb%ide; aﬁ&’ﬂﬁ;&@%@ of OXygen s

- performed in a sol vent _selected | the group consisting of water, Cl- C4
al cohol s, Super cri®s calTheoprocesed ofricleirari&s whekire #ie amino polyacideis ssetamitext i si ng

contacting a #drhanm vad}g,g- | zepl j e ) .nol yaci. ound
sel ected f_rorrﬂh% e%e?ggﬂiugonm S!{s}ﬂﬂ% gf %ﬁr??lr?ﬁé Ign%bt%ﬁg%%ggb(?é@r [ %ﬁ@%ﬁgé
am no pol yphodipmineiriacelie agid, niimibtiacetid gcid,limintdiacatic dsid, and miktutesrtrereof.

t hereof. 18. 'The plocess i . I .conprd Si ng heating the :
contacted titani ﬂr%o or %\ﬁg%gg?%s% é?eé%'f'{ gé ;"Yn‘%ée'ﬁef%g‘étf"é‘[ ﬁgqe@?'er&idg‘?gelnhw 350C.
19. The procesegen iscperformed inmrsdlmsnt-selmusﬁongﬂ}my?m@ohmn\;\rﬁnﬂvmé@ﬁ:r 15
titani um or vangdi l.lte. Th rocess of .claim 17 erein the am no
polyacid is s ‘1%gé@#'ﬁggﬁﬁﬁ@@?éﬁﬂgéﬁ@ﬁﬁ&’ﬁﬁ?%‘f | -

et hyl enedi am net etii7aac & process dongirBingesslacingns -fithhiliRC 8F VEnaGing. zeolite
nitrilotriacet.i.c acid, injnodjacetic acid, m xtures thereof. 16
_ _ i af amiho pg]yapl compound se!ectec? o

Wi m the group consisting of amino

10 polycarboxylic acids, amino polyphosphonic. acids, amino polysulfonic acids, and
mixtures thereof, ' '

\[‘—\
§
..

18.  The process of claim 17 further comprising heating the contacted
titanium or vanadium zeolite at a temperature greatef than 350°C.
19.  The process of claim 17 further ébmpﬁéing washing the contacted
15 fitanium or vanadium zeolite. |
20. The process of claim 17 wherein the amino polyacid is selected
“from the group consisting of ethylenediaminetetraacetic acid, ethylenediamine-
triacetic acid, nitrilotriacatic acid, iminodiacetic acid, and mixtures thereof,

)
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