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20 with oxygen over a silver catalyst. Unfortunately, the silver catalyst has not
proved useful in commercial epoxidation of higher olefins.

Besides oxygen and alkyl hydroperoxides, another oxidizing agent useful
for‘the preparation of epoxides is hydrogen peroxide. U.S. Pat. Nos. 4,833,260,
4,859,785, and 4,937,216, 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 discloses the formation of propylene oxide from
propylene, oxygen, and hydrogen using a catalyst containing a Group VIII metal
such as palladium on a crystalline titanosilicate. The Group VIII metal is
believed to promote the reaction of oxygen and hydrogen to form a hydrogen

35  peroxide in situ oxidizing agent. U.S. Pat. No. 5,859,265 discloses a catalyst in
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SUMMARY OF THE INVENTION
The invention is a process for producing epoxides from olefins and
hydrogen peroxide using 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 invention results in higher selectivity to the
desired epoxide.

DETAILED DESCRIPTION OF THE INVENTION
The epoxidation process of the invention utilizes a titanium or vanadium

25 zeolite. Titanium or vanadium zeolites comprise the class of zeolitic substances
wherein titanium or vanadium atoms are substituted for a portion of the silicon
atoms in the lattice framework of a molecular sieve. Such substances, and their
production, are well known in the art. See for example, U.S. Pat. Nos. 4,410,501
and 4,666,692.

30 Suitable titanium or vanadium zeolites are those crystalline materials
having a porous molecular sieve structure with titanium or vanadium atoms
substituted in the framework. The choice of titanium or vanadium zeolite
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
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between 0.0001 and 0.5000. More preferably, the value of x is from 0.01 to
20 0.125. The molar ratio of Si:Ti in the lattice framework of the zeolite is
advantageously from 9.5:1 to 99:1 (most preferably from 9.5:1 to 60:1). The use
of relatively titanium-rich zeolites may also be desirable.
The synthesis of titanium or vanadium zeolites is well known in the art.
Titanium or vanadium zeolite synthesis typically comprises reacting a titanium or
25 vanadium compound, a silicon source, and a templating agent at a temperature
and for a time 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
30 a sealed 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,
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20 three or more acid functionalities are preferred, and four or more acid
functionalities are most preferred. Amino polyacids include amino polycarboxylic
acids, amino polyphosphonic acids, and amino polysulfonic acids. Amino
polyacids also include the related salts of the amino polyacids, for instance the
alkali, alkaline earth metal, or ammonium salts of the amino polyacids.

25 Preferred amino polycarboxylic acids include alkylenediamine polyacetic

l 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-methylaminobutane-1,4-disulfonate, 1-amino-8-naphthol-3,6-
disulfonic acid, 4,4’-diamino-1,1’-bianthraquinonyi-3,3’-disulfonic acids, and the

like, and their salts. Particularly preferred amino polyacids are the amino
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20 recirculated. Liquid hourly space velocities in the range of from 0.1 to 24 are
generally satisfactory. 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 range 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
contacting, the fitanium or vanadium zeolite may be collected by filtration,
centrifugation, decantation, or other such mechanical means prior to use in the

30 epoxidation reaction of the invention. After contacting and collecting the zeolite
by filtration, centrifugation, decantation, or other such mechanical means, the
titanium or vanadium zeolite may also be dried. The drying may be performed
under vacuum, with heating, or a combination.  Preferably, the titanium or

vanadium zeolite is heated at a temperature greater than 350°C in the presence
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mventlon is particularly suitable for epoxidizing C,-Cg olefins. More than one

20  double bond may be present, as in a diene or triene for example. The olefin may
be a 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
réaction. Hydrogen peroxide may be derived from any suitable source, including
oxidation of secondary alcohols such as isopropanol, the anthraquinone process,
and from direct reaction of hydrogen and oxygen. The concentration of the
aqueous hydrogen peroxide reactant added into the epoxidation reaction is not

30 critical. Typical hydrogen peroxide concentrations range from 0.1 to 90 weight
percent hydrogen peroxide in water, preferably 1 to 5 weight percent.

The amount of hydrogen peroxide to the amount of olefin is not critical,
but most suitably the molar ratio 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



doubl e bond, and generally from2 to 60 carbon atons. Preferably the olefin
is an acyclic alkene of from2 to 30 carbon atons; the process of the
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oxides, inorganic chlorides, carbon, and organic polymer resins. Preferred

20 inorganic oxides include oxides of Group 2, 3, 4, 5, 6, 13, or 14 elements.
Particularly preferred inorganic oxide supports include silica, alumina, titania,
zirconia, ceria, niobium oxides, tantalum oxides, molybdenum oxides, tungsten
oxides, amorphous titania-silica, amorphous zirconia-silica, amorphous nicbia-
silica, ceria-silica, and the like. Preferred organic polymer resins include

25 polystyrene, styrene-divinylbenzene copolymers, crosslinked polyethyleneimines,
and polybenzimidazole. Suitable supports also include organic polymer resins
grafted onto inorganic oxide supports, such as polyethylenimine-silica. Preferred
supports also include carbon. Particularly preferred supports include silica,
silica-aluminas, titania, zirconia, ceria, niobia, and carbon.

30 Preferably, the support has a surface area in the rahge of about 10 fo
about 700 m?%yg, more preferably from about 50 to about 500 m%g, and most
preferably from about 100 to about 400 m?g. Preferably, the pore volume 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 mL/g, and most preferably from about 0.8 to about 3.0
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about n one eferr odi ment of the inventio upported
Poble motal RS EEE. SR BN & bR R TuPERRLREL: o
titani umor vanaehtwnnoerl inke pﬂ'éb%nﬁlﬂpm@réﬁ‘éoﬂ@@bgta%t il E@Erathesltan@@yofal SO
conprise a mxture of naohle netal cont ai gﬁ{a%é&bl t ani um or nadi um zeolite

n
and nobl e netfEAMG@&! {9 LNV PEFERad e P4, torh ItePSrE i 2Nflee
titani umor vanadiaHp e9ltbteweRh®percent. The manner in which the noble metal is

20  incorporated into the catalyst is not considered to be particularly critical. For
example, the noble metal may be supported 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 dichloride or tetraammine palladium dinitrate.

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., chlorides, bromides), carboxylates (e.g. acetate, trifluoroacetate), and
amine complexes of noble metals. The noble metal may be in an oxidation state

30 anywhere from 0 to +4 or any combination of such oxidation states. To achieve
the desired oxidation state or combination of oxidation states, the noble metal
compound may be pyrolyzed, calcined, reduced, or a combination thereof.
Satisfactory catalytic performance can, however, be attained without any pre-
reduction. To achieve the active state of noble metal, the supported noble metal
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‘substantially free of oxygen”, it is meant that the inert atmosphere contains less

than 10,000 ppm mole oxygen, preferably less than 2000 ppm. Also, the heating

20 may be conducted in an oxygen-containing atmosphere, such as air or a mixture

of oxygen and an inert gas. Alternatively, the catalyst may also be heated in the

presence of an inert gas such as nitrogen prior fo healing in an oxygen-

containing atmosphere. The heating process may be conducted such that the

gas stream (inert, oxygen-containing, or both) is passed over the pre-treated

25  titanium or vanadium zeolite. Alternatively, the heating may be performed in a

static manner. The zeolite could also be agitated or stirred while being

contacted with the gas stream.

The noble metal-containing titanium or vanadium zeolite catalyst may also

comprise a mixture of palladium-containing titanium or vanadium zeolite and

30 palladium-free titanium or vanadium zeolite. The palladium-free titanium or

vanadium zeolite is a titanium or vanadium zeolite that is free of added pailadium.

The addition of a palladium-free titanium or vanadium zeolite has proven

beneficial to productivity of the palladium that is present in the catalyst
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20 Buffers useful in this invention include any suitable salts of oxyacids, the
nature and proportions 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 contain an anion and cation. The anion
portion of the salt may include anions such as phosphate, carbonate,

25 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, atkylammoniums (e.g.,
tetraalkylammoniums, pyridiniums, and the like), alkali metals, alkaline earth
metals, or the like. Examples include NH4, NBus, NMey, Li, Na, K, Cs, Mg, and

30 Ca cations. More preferred buffers include alkali metal phosphate and
ammonium phosphate buffers. Buffers may preferably 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

10



preferably in the formof a suspension or fixed-bed. The process may be
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i ncl ude the agj@igdoga oPtheadmipiy. agas to the reaction system The process of

the invention may be carried out in a batch _continuous, or_sem -continuous
manner using any appr (EB%I\AEEI@EﬂyEQTg\fTREATMENTOF TS-1 CATALYST

TS-1 can be made according 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. Chem. Soc., Chem. Comm. (1995), 155.

Catalyst 1A: Spray dried TS-1 (15 g, 80% TS-1, silica binder, 2.0 wt.% Ti,

calcined at 550°C in air) is suspended in a saturated aqueous

25 ethylenediaminetetraacetic acid (EDTA) solution (150 mL of 0.5 wt.% EDTA)

solution and stirred at 60°C for 18 hours. After filiration and washing (3 times

with 100 mL water), the obtained solid is air-dried at 110°C, and calcined in air at
550°C for 4 hoLtrs. Catalyst 1A contains 1.8 wt.% Ti.

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

30 calcined at 550°C in air) is suspended in an aqueous dipotassium

ethylenediaminetetraacetic 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

11



reacti on vessel or apparatus such as a fixed-bed, transport bed, fluidized

bed, stirred slurry, or CSTR reactor. The catalyst is preferably in the

form of aweusgamwsiion or fixed-bed. Known net hods for cordmatseeng/ 034378
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di pot assi um et ﬁﬁ e% et raacetic acid di hydrate (K2EDTA) sol ution
(300 g of 153 wt . % R2EDEsulsodratshow) irmhdblstlirred at 60 C for 18 hours. After
filtration, the colle Ld i 1 r J with 100 m).
ritration, the coll eebadisce sfhEpRRAITINGE BN CATAYSTRS )
Comparative Catalyst 3A: Spray dried TS-1 (16 g, 80% TS-1, silica binder,

2.0 wt.% Ti, calcined at 550°C in air) is slurried in water (14 g). An aqueous

solution of tetra ammine palladium dinitrate (0.299 g aqueous solution containing
20 5.37 wt.% Pd) is then added, and the slurry is stirred at 30°C for 10 minutes.
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 mL, 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 calcined solids are then transferred to a quartz tube, heated to
100°C and treated with 5 vol.% hydrogen in nitrogen (100 cc/min) for 1 hour.
The dried solid contains 0.1 wt.% Pd and 2.0 wt.% Ti.
Catalyst 3B: Catalyst 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.
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.
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refluxed in an acetic acid solution (100 of 0.1M acetic acid) for 1 hour.
Afterfiltration and washing (3 tinmes with 100 nL water), the obtained solid
i s air-drwedoaosifio0C, and calcined in air at 550C for #Cmase@soesral yst 1B
contains 1.8 w.% Ti. EXAVPLE 2: EPOXI DATI ON OF PROPYLENE W TH HYDROGEN

PEROXI DE Spray_dri TS | and 1B
are used ilr[: bg%%ﬁ@g&ﬁdéﬁ%ﬁ g?ﬁg[@‘g@ﬁﬁéﬁmg%@ga&ﬂf %g@%%dééglccordi ng
to the follow ng procedure: A sol utiAdD OKY@HENanol, water and hydrogen
eroxi de (40 of _solution, 84% MeOH, 11% H2 nd 5% H2O2) is added to a
D5 hL PARR r Sact 36 &I RAIHTE e PTG PR e TaRATP B0 188 gy |'s
suspended i n hBAJHERF IIFOFropPEHE | Rihg @Rghdrent ergireger Ss claia@edun t fihe

propyl ene (20 P) . The closed systemis then heated at 500C for 30 m nutes.
The conceft r 30w Progafwsds 8APIYEF ogen peroxide is deternined by titration

(sodi um t hi osul f aheg FRHNAAMoAREh bResRERANGHS RicANa! prgssteivyhitEalvingie
I 1. EXAMPLE 3: PREPARA

results are shown 1 n Table X Tl ON. Pd/ TS-1 CATALYSTS
Conpar ati ve @apyym dipydregermphernhate (H)HRB+g11.5 900 deonized ¥iaferd@0Bi nder
2.0 wt. % Ti, (GalsgiBeds ahmotfufr Hgagﬁe) ég)wosmrdﬂ)ag ddBedad &fe {Adtid) unthn

aqueous solutton of tetra anmn iumdinitrate (0.299 g aqgueous
sol uti on conttaé pHNgags Swiae. B meferi sThenw@iune@éthe seldtiarmis taenincieasseddeirr ed

at 30C for, 1 ] Th idrszdi st ed to 7.0 with 30 wt. % anmoni um
hydr oxi de{oan X%@Pi‘ urrplyvlﬁglpds:ét"?rzr ed at 300C for an additional 35 m nutes

before adjusting Bhavopkihg colutien Thiep| prepgreds by i dién@d 2eng ehée 0t df cake
i's washed wit . e j ; T. ! : ied at
550C for 6 hé“&?&sq,,&t"ﬁ ﬁ’e&ﬂ%%hg{e ngg |rn§°él?tfrog§tﬁp[%80@ﬁp %fhag%og': gélgﬁzg&(&%{%ﬁ’ned
sol i ds are t led nixengsfidr methanol @5Qgartz tube, heated to 100C and treated

T LCh: 301yt SUENCAAY P dOD 510 Dbyl e e Lol <ol ¢
accor di ngist 0 Gdeeamt taped deeisodnt@ahp aeatiory enCakillystugBAn cexetdpter.t batalat al yst
ég\ng ;iGng) 0'_ i (ﬁg?%rbﬁw&%ﬁ%%cﬁ&@énﬁ@pa%5yar re'med%d-ljtgﬂlie 'rea-nrg?gr :% 'aes%rﬁpl que
slurry in the reactor is heated 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/hr. The gas flow rates were about 4500 sccm (standard cubic
20 centimeters per minute) of 5 vol.% oxygen in nitrogen, 280 sccm propylene, and
135 sccm hydrogen. Propylene oxide and equivalents (*POE”), which include
propylene oxide (“PO”), propylene glycol, and glycol ethers, are produced during
the reaction. The products coming out of the reactor (in both vapor and liquid
phase) are analyzed by GC. The results of the GC analyses are used to

25 calculate the selectivities shown in Table 2.
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Catal yst 3C. Catalyst 3Cis nmade according to the procedure of Conparative

Catal yst 3A, except that Catalyst 1B (16 Q)
dried TS-Wo.200vesxni ed solid contains 0.1 wt

is used in place of the spray
. % Pd and 1P8TmtS2845/0843E<AMPLE

4: DI RECT EPOXI DATI ON OF PROPYLENE W TH HYDROGEN AND OXYGEN To eval uate the

per formance of_ the cata

propyl ene usi AgEbky
is enmployed. AO.1 M ammnwehv&pw@umm@mmbmmsm prepared by

di ssol vi ng amoni um di hydr ogen phosphate ((NH4) H2PO4, 11.5 @)
Aqueous annDnlun1hydrOX|de (30 % NH4OH)
Vip@a p

water (900 g).
solution until

t hen increaseﬁcbawax

is then prepa

ed by

B S BRI A RSB b vab B eSPPEGRA b

in de

of
ocedure

i oni zed

is added to the

T ¢)

di | u®i)ng

actohyerslddO( grbduvdd h
125mgolyf

meoer .
predused zle
t hem@) 1

[ mieracbtivine

(navBOBMol A viAidetivig
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nhné%har e

ution is
pl uti on
uf f er

solution with

ard.yrther b35 g
(750 g). The | i

eactlion -svst

of g g on

*ONSi-Sts
DT TOIOT JU J

i zedswater,

2 200 cc
A A\“AAYS \vZ

oL
StaHHAr€SS

e m X

nl oacc

i ng

ot ol
CTCTCTT ol

9M8th net hanol

reactor. Gas anduquU|deE®eas

ent.e32 t h

e Deattor,

alds exi t

t hreguwgh 2

nh outl et

allu VWUT

filter. Catal yst—<6

reactor as a $l utgy. Thé1§lurH

sof

P

utTorm

he r&4d8t or

100 —)

is hea

are
ted

dded 1o T
to 686

e
r about

und

300 psig, anddgnsih

through the reactor at a ra

bo
about 4500 seBRIPCSSeiratity™ E‘G'B‘f O’Mﬁs

280 seem propyl ene,

in nitrogen,
equi val ents ("PCE"),
gl ycol, and gl ycol

IJé%&Q%lé UU rpm

ut /h

FreEnd 9&5?'3 Hﬂﬁ'ﬁ? @5%#“659
and 135 seem hydrogen.
whi ch- i ncl ude propyl ene oxide ("PQO'),

ehBEESY: GUNRTINUTHUS edRECT i EROXIDATIOACRESULTShe products

Additi onal morklng solution is punped

tes were
. % oxygen

Propylene oxi de and
pr opyl ene

com ng out of the reactor (in both vapor and |iquid phase) are anal yzed by
GC. The r¥sults of the GC anal yses are used to calculate the selectivities

shown in Tabl e 2. TABYE I~ BATCH EPOXI DATI.ON RESULTS W6/PEEHYDROGEN PEROXI DE
USI NG TREATED AND UNTHERED dﬂ?ﬂl‘;?grs POBHBENr at il vesldexamhé 1 PO POE
Selectivity = nmoles RO {ym!es RQ + noles glgycols|+ nolgs glycol ethers)
100.

3B 0.1 0.55 89

3C 0.1 0.45 90

* Comparative Example

! Productivity = gran:\s POE produced/gram of catalyst per hour.
2 pOIPOE Selectivity = moles PO/(moles PO + moles glycols + moles glycol ethers) * 100.
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TABLE 2: CONTI NUOUS DI RECT EPOXI DATI ON RESULTS * Conparative Exanpl e
Productivity = grans P,.COE produced/ gram of catal yst per hour. 2 PO PCE

Sel ectiviwp 29?069116’6313 PO (mo!es PO + nol es glycol s + nol epcgluseals/ogisner s)

100. W claim . An epoxi dation process which conprises reacting an olefin
wi t h hydrogen g "OXI de in the presence of a titaniumor vanadi um zeolite,
wherein the Y¥FAM i s pre-treated by contacting with an am no pol yacid

conpound. 2. The procean dfoxkladbinplood’snetion tdenpriees iréacting @n bletﬂanwwmn
silicalite. . The process of claim1l wherein the zeolite. is . 4. The

process of cl é(ij?ﬁgf”mé?@‘i’%'nttﬁﬁ PERSENTH O B Ltgntesn epvagagiumm zegjite, Wrﬁf‘d'&%ss of

claiml Wner%antteF@p@ﬂré&e@gwmdn@muﬁamm 58} &G4 86mpb@in.t he group
consi sting of am no po_a%/car boxylic acids, am no pol yphosphonic¢ acids, am no

pol ysul fofli ¢ aci d$; an W@F%@f q'wmkwhere@ﬂ thﬁ?@ob‘ied%éégafb‘#m@w&?'ﬁ?l wher ei n

the amno polyacid is $gé BricBEs Bfrér;mﬁ h@/théWf?]e%aﬁﬂe% Tgy of
et hyl enedi am netetraaceti ¢ acid, ethylenedian netriacetic acid,

nitrilotriacetic 4cid, Thepisasaeiaiaipt hwhareiming qlefin iseds-Chelelinf . 7. The
process of claimj Whe*i'ﬁ’é rbrcfc%@Qo?‘%TéIHf Anefdin tﬁ’é‘grrmcﬁpel g8d %&gﬁﬁuqs i§S

performed in a solvent selected romt ?roup consi s mﬂ ter, C1-C4
al cohol s, supelestact |fmm thep graaind cansistinge ©T t angingopolygarboThie pﬁldé,e%mm‘) claim

L nher of gt hesoRYRbOSRPRLAIAAG Bl S fod B Pl ldtipiegpt f on of

hydr ogen and resen e nmetal catalyst. 9. The
process of claim 8 whefbﬁi prackes abtitien frethareir teedrpise podyapidi is esleateddiine et al

and a Supportth? é%USTJb%s& %%%étth?'fﬁag‘%i?'lngﬂaﬁ%?t REAL chph&ﬂgﬁécﬂaw&% dgﬁc

sel ected from SIS um um a
The process efid; hiilnir@celieadd imirsizsebpecit, s médtlsfes geréofom t he gr oup

consisting of carbon. $hl AT GON & wSGLh A BaPLIT K S85S

alum na, silica-alum na um oxi d num o
oxi des, tit ampeasidd (sapermrmednna-snhl'emaseleCMdl faerslthe (geoumcmﬁmmgldflwmer,

pol ystyrene, cit-éfi aqggh g's%lercrlpcﬁ%eog, and mixtures thereof.
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.

9. 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.

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 polyethyleneimines, 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 titanium or vanadium

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

compound.
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copol yners, crosslinked pol yethyl enei mi nes, pol ybenzi m dazole, and m xtures
thereof. 12. An epoxidation process which conprises reacting an ol efin,
hydr ogen wodoasgam i n the presence of a nobl e netal - cortaiuskeg/osisz@ni um or
vanadi um zeolite catal yst conprising a noble nmetal and a titanium or

vanadi um zeolite, wherein the zeolite,i re-tr ed b ontacting with an
ami no pol yacid cdrpouhB® E@Ce%e?g?'a?:i%ﬁ%%‘%fh&iﬁ?aftirbls %'gﬁﬂ}eﬁﬂe olgefi nis a
C2-C6 ol efin. 1444TheTRE Qesess @f chiirdi 12 WiersiMethei dnihb oREcRIocdMbIRE id

conpound is selected fromthe group consisting of am no pol ycarboxylic
aci ds, am nSSRStSHHEEPHBRT BrAE NS @f pINYSuIPPYRREDOKKICH SCIdEN NNt ur es

ther eof . 15.00NyoBIRSRSSoid, 4ihiAb OGN &iidk, bhE iR PiRlacaci d i's sel ect ed

fromthe group consisting et(ﬁyl enedi am netetraacetic acid,

et hyl enedi ami net APacefhe paesass &fi glaim d2 wheseipithe amino palyavidiisaselestedaci d,
and m xture e f ) C | i : 2 aCk of

ol efin, hyd?&%ﬂnEﬁﬁrgé ggﬁhﬁgﬁ{@gr o%r@éﬁr?ﬁzﬁ?%%&r%t%@e[%%@e%@ﬁ%hnﬁot he
group consi siamigetifacatie acid, wiriladacatic sieisl, ninedipestioradid, cand raRRiresathérenfxt ur es
t hereof. 17. A pr,pces ISl ' ki ' r j zeolite
wi th an am no pol@laci Zhgﬁﬁ%ﬁgﬁ%éﬁﬁgégh%%m #?g&g%%gf@oﬂ\ﬁ}g?ﬁ%éﬂgf am no
pol ycar boxylaxyger isdssrfcamieddn pablvehbsgidoied Tromdhe gropncamsisting péwhfeonCe aci ds,

and m xtures~thereof. 18, .Th ocess.of claimd7 further conprising

heati ng t he %%%?%O?Se(fup?'{cgﬂ?%rg%&r g@lﬁ?ﬁf‘@%t eerSPé'Lte at a tenperature greater
than 3500C. 19. The pAopesssHicomipasiny Iconfactihder titamigm i i vigadashizaglite he
contacted ti t.ggi um qr vapadium zeolite rocess of claim 17 wherein

0, . The
the amino potiLeh gnige @8_veewem%wt%ecg%tﬁm%ﬁsqrgw RgNfting of amino
et hyl enegqj amiohpafddx@Re 8IS, @6ind poBbhyd R sods) ahlih@ a6l sWfonld 4kids, and
nitrilotriacetic achl d, .imnodiacetic acid, and m xtures thereof.
mixtures thereof.
18.  The process of claim 17 further comprising heating the contacted
titanium or vanadium zeolite at a temperature greater than 350°C.
19.  The process of claim 17 further comprising 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, nitrilotriacetic acid, iminodiacetic acid, and mixtures thereof.
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