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- ol€fins UMH&@%@M\%@M des. Moure particularly, this inven s to
an j'npro on process 5 wherein a nitrogen-containing nodifier
such as amorie®e®dr ammoni um hydroxide is utilized to enhance the
selectivity of a titanium zeolite catal yst which has been nodified with a
nobl e metal such as paI I adi UmMERBXIDATIONRROOEIS er s i ncreases propyl ene
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propyl ene oxide by reacting propylene, hydrogen and oxygen using a catalyst
conpr i si ngnadieduptiva Imobimtrwltalaamahasqrq}lat!mml bsetadf thesesmbdifisreincreases

| nprovenents t atjionps of this basic ocess were subse

descr bed ey Rea TRy SR Pttt napBeEobiRaTPn R0 oRtoveRe e Flesba 43,
DE 1960070%liz496bA6! 02323, WD 97147386, WO 97131711, JP H8-269030, and JP
H8- 269029. As mnth an chen1ca| process, it would be desirable to attain
stil10furtBé : SYENTA@N on net hods of this type. In
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described in the literature, for exanple) hydrogenation of the olefin to
the corresiiodsi fidelsaddifives @ndy theo die boMasyniiEeeantwinethadse faresyntbgsizing

thi's o de-sRoBTR OTnF AR R TR BI S o Bl Ly o5 0
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conprising reacting, an ol efi hydr ogen and oxygen in the CPresence of (a) a

catal yst cbadt i (KakabiNg ¢392 70 PieoPFee AN, RERYENRLOXide Ry (eacting
ni trogen- coupolnd hia3aeWd il bxygen using a catalyst comprising a Group VIl metal

and a crystalline titanosilicate. Improvements to or variations of this basic

process were subsequently described in the following published patent
20 applications: WO 97/25143, DE 19600709, WO 96/02323, WO 97/47386, WO
97/31711, JP H8-269030, and JP H8-269029.

As with any chemical process, it would be desirable to attain still further
improvements in epoxidation methods of this type. In particular, increasing the
selectivity to epoxide and extending the useful life of the catalyst would

25 significantly enhance the commercial potential of such methods. Using the
reaction conditions and catalysts described in the literature, for example,
hydrogenation of the olefin to the corresponding saturated hydrocarbon competes
with the desired epoxidation reaction. The discovery of more effective ways of
suppressing this side-reaction would be highly advantageous.

30 SUMMARY OF THE INVENTION

This invention provides a process for producing an epoxide comprising

reacting an olefin, hydrogen and oxygen in the presence of (a) a catalyst

comprised of a titanium zeolite and a noble metal and (b) a nitrogen-compound
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19 Au~ zooz nodifier at a tenperature effective to formthe i
Correspondi ng to the ol efin, DETALED DESCR PTI ON OF THE | NVENY AB62002

.catalysts to be used in the present process are conprised of a titaniumor
vanadi um zeolite and a noble netal (preferably an elenent of Goup VIII of
the 5 Periodic Table). Suitable zeolites are those crystalline materials

havi ng a porous nol ecul ar sieve structure with titaniumor vanadi um atons

substituted jn t L fr . N hoi ce of zeolite enployed, wl|_depend
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the olefin_ | : S i i 1] i nadi um
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"TSq8" (& fgmaBilitalte! APPIOBleRNR 20Rivert %liﬁlﬁﬁc Qicleﬁrf‘esu%ﬁ'v%é ethylene,
alumnosilicate zeolites), "TS- 2" (having an t opol ogy anal ogous t'o that
of the ZSkrddyleriamoridsitenealéharedhé oéfin, is ancpyldite, 3the (B afesTH bEnium

Bel gi an Paf, ble for use are
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titani um skutiucescmorpboygevith redlie beta magebe peaferedk, al t hough m nor
anoynts of borqn, .iran, alumnum and th i ke be present, Qther netals
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inthe lattice framework of the zeolite is advantageously from 9.5:
99: 20( nosmgieeydlar aigvgs coomonip referwdso: as Ytanite silicalitefs, partipuilardy YrS-1"
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"TS-2" (having an MEL topology analogous to that of the ZSM-11 aluminosilicate
zeolites), and "TS-3" (as described in Belgian Pat. No. 1,001,038). Also suitable
for use are the titanium-containing molecular sieves having framework structures

25 isomorphous to zeolite beta, mordenite, ZSM-48, ZSM-12, and MCM-41, The
titanium-containing zeolite preferably contains no elements other than titanium,
silicon and oxygen in the lattice framework, although minor amounts of boron,
iron, aluminum, and the like may be present. Other metals such as tin or
vanadium may also be present in the lattice framework of the zeolite in addition

30 to the titanium, as described in U.S. Pat. Nos. 5,780,654 and 5,744,619.

Preferred titanium-containing zeolite catalysts suitable for use in the

process of this invention will generally have a composition corresponding to the



pall adium iridium ruthenium osmun), either alone or in conPRNgLi, ANk~
palladiumis particularly desirable. Typically, the anount ofnﬁgb?gJSe%ng
.present in the catalyst will be in the range of fromO0.01 to 20 wei ght

. percent, preferably 0.1 to 5 10 wei ght percent. The manner in which the
noble metal is incorporated into the catalyst is not considered to be
particularly critical. For exanple, the noble netal nay be supported on the
zeolite by inpregnation nmeans or the like or first supported on anot her

subst ance fgliing enfifidat fornfll& TR, (139BiI0 AW BErLRIIEWRent 16001 kpdamgdod hen
physically m xed with the zeolite. Alternatlveﬁ/ t he noble netal can 15 be
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conprise a nder or the like and may b Spray dried, shaped or
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vanadi um chrom um nmnanganese) copper,” zinc, galliumor zirconium
Sui t abl e detraamsiige chlorigeawitihor withpubadded emmanisim hvermxids abewatalysts
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am ne oxi d&Snpound after being introduced into the catalyst may be fully or partially pre-
reduced. Satisfactory catalytic performance can, however, be attained without
any pre-reduction whatsoever. To achieve the active state of palladium, the
catalyst may undergo pretreatment such as thermal treatment in nitrogen,
30 vacuum, hydrogen or air.
The catalyst may additionally comprise a binder or the like and may be

molded, spray dried, shaped or extruded into any desired form prior to use in



and especi ally anmmoni a and amoni um conpounds. Ammoni a nmay be Sews ?Q
gas, wWith m xtures of gases. Amoni um hydroxi de can be used esTFJ) C % QZ
_solvents such as water and net hanol. O her am ne conpounds which can be 25
-.used are hydroxyl am ne and al kyl and aryl hydroxyl am nes, hydrazine and
al kyl') aryl hydrazines) ammoni um sal ts includi ng anmoni um chl ori de and
‘amoni um bronm de, anmmoni um hydr ogen phosphate and di ammoni um hydr ogen
phosphat e, amoni um acet ate and ot her carboxyl ates i ncl udi ng anmoni um

trifluor Oéngﬁiaﬁtionam'dediitidﬁ t8Uhb ritshlgIrivétan ehe alaaglysemaen i cdified pethand
am nonet hyl phosphoni ¢ 30 acid, alkyl am nes such as nethyl am ne, trinethyl
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het er ocyclmangarieses coppet, aiud, \gallamn oe zircyggiuatiodecyl ami ne and al kyl at ed
derivatives such . as nethyl, cyclooctyl amne, 1, 4, 7-triazacyclononane and
1, 49 7-trimet @H'ta%’,'ezf:,aqglyﬁtﬁi ﬁfak%%rmﬁaa@ceﬁ&%frﬁ@émv%t'@ﬁoﬁm%" @S nes
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2, 9- di net pyblithed paientaapplications (B8em86praA6% Pahd®52771, WO 97/31711, DE

2 ou mot 1320708, BRI SBN IR, IR 80 ase: Vi 97/25143, JP HB-269030 and JP

2,2,6, 6-tﬂg_gg?@@g'l - 1- pi peridinyl oxy (Tenpo)) ditertbutyl am ne oxide,
triazines (1ncluding halo and al kyl ~derivatives thereof) 10 N, N-di al kyl
ani Miones (i ncl ddiengfargdeascriieal catahdt ad kigedderdceatdares whietkefipvention in
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1-al kyl im'dazoles (including 0 derivatives thereof) 1-alkyl
pi peri di nesiringaleppkidatiophoislats Eawe dhedbenetidakafffech aft wuppredsingrihiear y

' d terti ' id 20 utili . Jllustrati terti
i es. ndrb RSB S REe s bbb b BT e,
i nclygde, g weeeucs;,ogréétga‘ ifstoldgtthe ddbemiyne tAB1deRked MhdxXed." A special
correspondi ng oxi des and isoners, analogs and honol ogs thereof: pyridine
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enhanced. Thatis, usually not only is the reaction more selective by virtue of a
reduction in propane production but in absolute terms propylene oxide formation
20 is improved.
General classes of modifiers suitable for use include amines, amine oxides
and especially ammonia and ammoni_um compounds. Ammonia may be used as
a gas, with mixtures of gases. Ammonium hydroxide can be used especially in
solvents such as water and methanol. Other amine compounds which can be
25 used are hydroxyl amine and alkyl and aryl hydroxyl amines, hydrazine and alkyl,
aryl hydrazines, ammonium salts including ammonium chloride and ammonium
bromide, ammonium hydrogen phosphate and diammonium hydrogen phosphate,
ammonium acetate and other carboxylates including ammonium trifluoroacetate,
aminoacids such as glycine, alanine, phenylalanine and aminomethylphosphonic
30 acid, alkyl amines such as methyl amine, trimethyl amine and trimethyl amine
oxide, trialkyl amines in general (ie triethyl and tributyl amines), diamines such as

ethylene diamine and substituted (alkyl, aryl) ethylene diamines, ethanolamines,



1 9 AU G 2002 3,4-lutid ine 2,6-diethyl pyridine 2,6-dipropyl pyridine
2-ethyl pyridine 5 2-propyl pyridine 2,3-diethyl pyrazine 2-netp§,fﬁg§ 2@02
quinoline 1,2,5-trinmethyl pyrrole 2-nethoxypyridine 10 9-nmet hyl® ¢a (o]
“phenant hri dine acridine 2,2 -bipyridine 1-nethyl indole 15 pyrim dine
2-fluoropyridine 2-chloropyridine 2-bronopyridine 2-iodopyridine 20

1, 6-di fl uoropyridi ne 3-cyanopyridine 1-methyl triazine 1-nethyl im dazole
2- di-nmet hy m no pyridine 25 1- hyl . pi peri di ne. her. cl asses of tertiary
2 noe. anBeTEPEYEy 2niine GYP@REHS .o cHEIPIRaEcYAtine, a0R: AbHYEd

pyri di nesyrifialveRsucHiRaRelwNIHERockT SFfe | ﬂd@h-?r%z%?abﬁexéh@'a%% £ 9.
2,6-di fluoropyridine) cyanopyridines (esp. nonosubstituted conpounds 'such
as 3cyanopstrimditmg), 64, 74rigzaniykldred2neetheyemey i dromstibadnomesi andithes

P12 1ol SRk S R 08 200 i S e
the geact hae ME4DIPREnANMIbRNe t RdePaKyRAEH Oidrvalieedd NeIHiRetmAL1, The.
nodi fier nmay be introduced to the reacCtion nmediumall at once “either prior
to or fol pb@nagthroline (neocuprine) and 2.9-dichloro-1,10-phenanthroline and 2,9-
dimethyl-4,7-diphenyl-1,10-phenanthroline, 2,2,6,6-tetramethyl-1-piperidinyloxy
(Tempo), ditertbutylamine oxide,
triazines (including halo and alkyl derivatives thereof)
10 N,N-dialkyl anilines (including cyano, halo and alkyﬁierivatives thereof)
halo-N,N-dialkyl anilines
alkyl-N,N-dialkyl anilines
alkyl dimethyl amines (esp. where alkyl = C,-C,,; hydrocarbon)
phenyl pyridines
15 2 or 4 dimethylamino pyridines (including alkyl and halo derivatives thereof)
1-alky! imidazoles (including alkyl and halo derivatives thereof)
1-alkyl piperidines
1-alkyl morpholines
and oxides thereof. Mixtures of tertiary amines and tertiary amine oxides may be
20 utilized. lllustrative tertiary amines and oxides thereof which may be utilized in the
present process include, but are not limited to the following amines and their
corresponding oxides and isomers, analogs and homologs thereof:
o pyridine
2-methyl pyridine (2-picoline)
25 quinoxaline
quinoline
2-methyl pyrazine
3-methy! pyridine (3-picoline)
4-methy! pyridine (4-picoline)
30 N,N-dimethyl aniline
2,6-lutidine
2,4-lutidine



initiation of epoxidation or may be added in an increnental or continuous
manner. 10 The anmount of nodifier used is not believed to be pirgiﬁxb?gkﬁl
critical, but at a m ninum should be effective to inprove sel edtdw 2
. the epoxide as conpared to the sane reaction carried out under simlar
conditions in the absence of the nodifier. The use of |arge anmounts of

nodi fier tends to suppress the epoxidation, beyond a certain level little
further inprovenent in catalytic 15 performance may be realized. Generally
speaki ng, 3elititlirey : nobl e netal nolar ratios in the range of from about

100:1 to Q.01: nore preferably, fromabout 50:1 to 0.05:1 ) are typically
sui t abl e.gfﬁié'egﬁéfﬁyﬁg’tr% be used can be any organi c conpound contai ning at

| east onengH_ ic unsaturation (i.e., at |east one carbon-carbon
doubl e bo%giaﬁggéﬁﬁ%mgrg?in can be aliphatic, aromatic or cycloaliphatic in
char'act er 2aibylmpyidireve either a linear or branched structure, with the
sites) of _ethylenic,.unsaturation being termnal andlor internal. The olefin
pr ef rabl?*ﬁBﬁWdﬂﬁ?"ﬁéso carbon atons; the process of the invention is
parti cul apladigthfighr&iher epoxidi zing Cz- C6 nonool efins. Mre than one
doubl e bond may ‘be present, as in a diene or triene for 25 exanple. ' The
ol efi n mag-rpethyl ayimotisar bon (i.e., contain only carbon and hydrogen atons)
or may co L D). i onal groups such as halide, carboxyl, hydroxyl, ether,
sul fide, E%ﬁ%@W&%ﬂ%hygﬁée\ﬂtro, or amino groups or the like. . Typica
exanpl es ofmetoxgpledigkef i ns include ethyl ene, propylene, 1-butane, cis-
and trans-2-butane, isobutene, 1,3-butadiene, pentanes, isoprene, hexenes,
30 @t aveS;melbhybaaazakcenes, undecenes, dodecenes, cycl opentene,

cycl ohexen l.evcl gpent adi ene, vinyl cyl ohexane, vinyl cycl ohexene, allyl
chloride,pﬁ??gﬁﬁ%@hgﬁol) met hal Iyl chloride, nethallyl alcohol, alky

acryl at esgagf@inget hacryl ates) 7 1 9 ~1U G 2002 unsaturated fatty acids and
esters thereof, styrene, -nethylstyrene, divinylbenzene, indene and

stil bene. 2i'RIRNEEN®Df ol efi ns may, of course, be utilized if so desired.
The proce§§n8&]}Ehﬁm%nvention is especially useful for converting propyl ene
to propyl ene”oxi de. The process of the invention nmay be suitably

condgct edpymdiiinéhe reaction conditions (e.g.) tenperature, pressure,
reactant ratios) described in the follow ng published patent applications,
provi ded 2HBioreRWidiBey nodifier previously described herein is present
whil e thesc i hHydrogen and oxygen are being contacted with the
catalyst:zs%ﬁggpaag§g, WO 971 25143, DE 19600709, WD 10 97131711, WO

971 47386, 2HromaplyPidiie, JP H8- 269029, and H3-269030. The anount of catal yst
used may Be geterined on the basis of the nolar ratio of the titanium
cont ai ned<T"AYPMEIYNE ani um zeolite to the olefin that is supplied

20 1,6-difluoropyridine
3-cyanopyridine
1-methyl triazine
1-methyl imidazole
2-dimethyl amino pyridine
25 1-methyl piperidine.
Other classes of tertiary amines and tertiary amine oxides suitable for use
include,
trimethyl pyridines
2-ha!opyridines (chloro, bromo, iodo)
30 dihalopyridines (e.g. 2,6-diflucropyridine)
cyanopyridines (esp. monosubstituted compounds such as 3-

cyanopyridine)



per unit of tinme. Typically, sufficient catalyst is present to proyi
tirtaniumolefin feed ratio of fromO0.00001 to 0.1. The tine requﬂrgdﬂmzooz

t he epoxi dation may be 15 determ ned on the basis of the gas hourly space
"velocity, i.e., the total volume of olefin, hydrogen, oxygen and carrier
gases) per hour per unit of catalyst volume (abbreviated as GHSV). A GHSV
in the range of 10 to 10,000 h~'" is typically satisfactory. Dependi ng on
the olefin to be reacted, the epoxidation according to the 20 invention can
be carried out methyhyrimidunes phase, the gas phase) or in the supercritical
phase. Wen a |Liquid reaction nmediumis used, the catalyst is preferably in
the formof a g\?@% "GH'SST i xed- bed. The process may be performed using a
continuous fl owyS8Aksbatch or batch node of operation. If epoxidation is
carried out in the liquid phase, it is advantageous to work 25 at a
pressure of 1-1ealkighiriazales (includieg heésand alkyl derieativesnor e sol vent s.

Sui tgbl e sol venrt]s I acl ude, but are not |limted to, |ower aliphatic al cohols
such*as net han(gl?re anol, isopropanol, and tert-butanol, or m xtures

thereof, and wah edccdrtiameed Nt thalivmdifion SR nhwlifse’: siniply SadleP t@arsi bl e
to use mxtures of the cited alcohols with water. 30 Epoxidation according

to the i nieantioprmpdiugain veighdhe epoxigatiemjsebeingmerisrmest | The modifigr ay t he

ceskr e ohELpBRESl IR D oSG eEAb g a LPREE WS Sid) 55, FARgIng”
A(~~ 2002iditativrygfespaxidationus ity be addet étlahindriehed @¢ contimsUd2mahndf) to
5:1 and is especially favorabl e at to 2:1. The nolar ratio of oxygen to

1:5
ol eflfn i s usuailing ameupboh maglifiesisegria et Bpligved to e particulagly griticad,itud| y
high OZ t i i g : . f
edtary bRt SR Sholl kRS kol (d hohdid sPledtife s A epbgegous Lo

The nol ar comipapedto hleefdme teandtivhrdaeiedjast urklet biemlansoaditiyns m theeabsange of
' 1:1. As ,the _jnert carrier gas, hoble
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et hdBe, ppepanmaacd map beama)ized.e Gdrevalbuspediing, Mbdifiegenbkenchetal molar
ratios in the range of from about 100:1 to 0.01:1 (more preferably, from about 50:1
to 0.05:1) are typically suitable. -
The olefin to be used can be any organic compound containing at least
one site of ethylenic unsaturation (i.e., at least one carbon-carbon double bond).
20 The olefin 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/or internal. The olefin preferably contains 2-30 carbon atoms;
the process of the invention is particularly suitable for epoxidizing C,-C, mono-
olefins. More than one double bond may be present, as in a diene or triene for
25 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, sulfide, carbonyl, cyano, nitro, or amino groups or the like.
Typical examples of suitable olefins include ethylene, propylene, 1-butene,
cis- and trans-2-butene, isobutene, 1,3-butadiene, pentenes, isoprene, hexenes,
30 octenes, nonenes, decenes, undecenes, dodecenes, cyclopentene, cyclohexene,
dicyclopentadiene, vinylcylohexane, vinyl cyclohexene, allyl chloride, allyl alcohol,

methallyl chloride, methallyl alcohol, alkyl acrylates and methacrylates,



saturated C -C4 hydrocarbons are the preferred inert carrier gases.
M:xtures of the listed inert carrier gases can al so be used. Sqegi )‘(\lbtglztmz
in the epoxidation of propylene according to the invention, propane T
supplied in such a way that) in the presence of an appropriate 15 excess of
carrier gas, the explosive limts of mxtures of propyl ene, propane,

hydr ogen, uasatusategenfattye acddel wndvoesters atibrébi)s stgregepl esimethyTstytetiee can
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i nvention wherein amoni um hydroxide is perodically or continuously added
to the reaonvastingpnepylene 4o pdehlemamorideect i vel y regenerates the catalyst in .
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reaction 25 was carfied out in a glass reactor at” 3 psig Wt
coat ed st publistietharatenio@pptlipatons, t praviceds dhe enesessaty t egokifiert prexdouslgt ed in

t he Tabl e, (as w rat.e into the.reactor. 5.1 cclmn ,
propyl enefjﬁ%ﬁ%édieﬁe(eﬁa ’\S/oqr@ogﬁg/td\‘vﬁa%ﬁsea‘ﬂ%lf"\gg.ﬁﬁrggﬁﬁi q.pcfnoxygen are being

ni trogen/ gyy@erddRithane dlyyolwaeosfiizd23, (V6% reshanepbabsogrosi twagen) .
A sol vent cont ai ni ng vaporizer was placed in the feed line to prevent

evaplr at i 9é/330 110¥¥0}7/# ha88 et ¢5¥525d|1v dRtHB 269810, and ¢18-26§PaAs of

catal yst were t rorun— I S e so|vent.
In the net hanoﬁﬁ%@é%tuﬁg’? Y%% u&%&gagﬁ géﬁﬁﬁgﬁ% \?/gﬁég b@\é\%loé&p‘eval%s

used. Reagdtrofahé ltitsiitm dsHtsinatah YRS difhiumzedlite to the d18%n @Iﬁéﬁ‘e‘xts'upphéd
on-line gas chromat ography. Catal ysts enpl oyed were prepared as foll ows:

Cat al yst PePanit b tlypicalynsuiicient.qedalestis present serpjovies aditaiumieléfinn 310
grams of f’eeeéu_sra\(\fto o RS RPYS0 G IRB U Y ﬂﬁw%xlle%%ireatfbl: {heedegéxiaggor]; %ayg’b(ej ays

an 1]:.5I & edetermined on the basis of the gas hourly space velocity, i.e., the total volume of
olefin, hydrogen, oxygen and carrier gas(es) per hour per unit of catalyst volume
(abbreviated as GHSV). A GHSV in the range of 10 to 10,000 hr' is typically
satisfactory.
Depending on the olefin to be reacted, the epoxidation according to the
20 invention can be carried out in the liquid phase, the gas phase, or in the
supercritical phase. When a liquid reaction medium is used, the catalyst is
preferably in the form of a suspension or fixed-bed. The process may be
performed iJsing a continuous roW, semi-batch or batch mode of operation.
If epoxidation is carried out in the liquid phase, it is advantageous to work
25 at a pressure of 1-100 bars and in the presence of one or more solvents. Suitable
solvents include, but are not limited to, lower aliphatic alcohols such as methano!,
ethanol, isopropanol, and tert-butanol, or mixtures thereof, and water. Fluorinated
alcohols can be used. It is also possible to use mixtures of the cited alcohols with
water.
30 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 hydrogen



In a single-neck round-bottom flask 15 grans of TS-1 titanium si1 mﬂl te
(2.1 wm %titanium calcined at 550C in air for 4 hrs) was slurr UG6@O[]2
.granms of deionized water. To this slurry, 7.1 grans of the above sol ution
was added and heated at 80C under a nitrogen atnosphere for 24 hrs. The
l'iquid was renoved 10 by rotoevaporation at 50C. The solids were dried in a
vacuum ovéh atygeocapuspalinhe varied dnitbe esided of udi @, T dl: 0 ted5ithaad is
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rot oevaporatio at}\ R0C, The solids were dried in a vacuum oven at 60C for
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hrs. The [ I I ad L e hh 5%
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propane can be supplied in such a way that, in the presence of an appropriate
15 excess of carrier gas, the explosive limits of mixtures of propylene, propane,
hydrogen, and oxygen are safely avoided and thus no explosive mixture can form
in the reactor or in the feed and discharge lines.
The productivity of spent or partially spent catalysts can be enhanced at
least in part by treatment with ammonia or ammonium hydroxide. In that practice
20 of the invention wherein ammonium hydroxide is perodically or continuously
added to the reaction zone, this addition effectively regenerates the catalyst in situ
thus avodiing at least to some extent catalyst activity decline.
A series of experiments were carried out for the conversion of propylene
to propylene oxide in accordance with the invention. In each case, the reaction
25 was carried out in a glass reactor at 3 psig with a Teflon coated stirring bar (1000
rpm) with the solvents and temperatures listed in the Table. Gas flow rate into the
reactor was 25.1 cc/min propylene/hydrogen (20 vol% hydrogen) and 88.0 cc/min
nitrogen/oxygen/methane (by volume 5% 02, 0.6% methane, balance nitrogen).
A solvent containing vaporizer was placed in the feed line to prevent evaporative
30 loss of the reactor solvent. In all cases 3 grams of catalyst were used. In the
water run, 130 grams of water was the solvent. In the methanol/water runs, 112

grams of methanol/water (3/1 by wt) was used. Reactor effluents were analyzed



. solids were dried in a vacuum oven at 50C for 4 hrs. The dried dobi

then transferred to a glass tube and treated with nitrogen (1001@/%\%02
150C for 4 hrs. The catal yst contained about 0.5 wt % Pd. Catalyst D5 An
Erl enneyer flask equipped with a Teflon coated stir bar was charged with 30
granms of TS | tani 1licalite w %titanium calcined in air at
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was di ssol ved Oatdlysgremiployed3feisd pfépare® Bk Yoldwslr oxi de and added to the
silicalite slurry over a 10 mnute period. The reaction mxture was all owed
to stir 10 at 23C for 2 hrs. The |i&atalyék8 renoved by rotoevaporation at
50C. The solid | [ 0. - f D I ed
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cc/ ngn) ap51R0%G dqrectisharamofiemaaicarbyigie, stimédian2d°alfous days Znat filkered. The

results obtained are given in the followng Table 1. 11 =N Table 1 ,
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Met 266401 15251 15Al co Water3ll w cn c c~
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ammoni um h ide m xed_wi th 0.54 grans~of deiopi ter. 2. Added 0.5
grans of §é%§§¢jgﬁﬁé hé%#?&%@}’ﬁ?% ité@eﬁimﬁ\ﬂ'gh&%}g?@ grans of dei oni zed
water. At the tine of the ampni um I@gjg@g{ ge addition, the

~

Palladium tetraammine nitrate (7.77 grams) was dissolved in 310 grams of
15 25 wt % aqueous ammonium hydroxide, stirred at 23°C for 3 days and filtered.

In a single-neck round-bottom flask 15 grams of TS-1 titanium silicalite (1.2
wt % titanium, calcined at 550°C in air for 4 hrs) was slurried in 60 grams of
deionized water. To this slurry, 7.1 grams of the above solution was added and
heated at 80°C under a nitrogen atmosphere for 24 hrs. The liquid was removed

20 by rotoevaporation at 50°C. The solids were dried in a vacuum oven at 60°C for
24 hrs.

These solids were then calcined in an oven in air at 450°C for 16 hrs. The
solids were then transferred to a glass tube and treated with 5% hydrogen in
nitrogen (100 cc/min) at 100°C for 4 hrs. The catalyst contained about 0.5 wt %

25 Pd.
Catalyst C

An Erlenmeyer flask equipped with a Teflon coated stir bar was charged
with 30 grams of TS-1 titanium silicalite (1.2 wt % titanium, calcined in air at
550°C) and 100 grams of deionized water. Tetraammine palladium dinitrate (0.45

30 grams) was dissolved in 15 grams of 30 wt % ammonium hydroxide and added
to the silicalite slurry over a 15 minute period. The reaction mixture was allowed

to stir at 23°C for 1 hr. The liquid was removed by rotoevaporation at 50°C. The

10



catal yst was al so producing nethyl formate (0.2 vol % and a | arge anount

" of propane (0.8 vol % in the vapor. After the ammoni um hydroxi a%aﬂbj@ |2@ﬁ].2
the nethyl formate in the vapor was reduced to 0 vol % and the propane
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Ve claim The results obtained are given in the following Table 1.
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catalyst was also producing methyl formate (0.2 vol %) and a large amount of
propane (0.8 vol %) in the vapor. After the ammonium hydroxide addition, the
methyl formate in the vapor was reduced to 0 vo! % and the propane reduced to’
0.01 vol %.

10 3. Added 0.2 grams of 30% aqueous ammonium hydroxide mixed with 1.0
gram of deionized water and 4 grams of methanol. At the time of the ammonium
hydroxide addition the catalyst was also producing 0.16 vol % propane in the
vapor. After the ammonium hydroxide addition, the propane in the vapor was
reduced to 0.03 vol %.

15 4. The catalyst slurry in the reactor was treated with 0.6 grams of 30%
aqueous ammonium hydroxide and allowed to stir in air for 1 hr at 23°C before the
feed gases were introduced.

5. Added 25 milligrams of ammonium bromide dissolved in 2 grams of
deionized water mixed with 20 grams of methanol. At the time of the ammonium

20 bromide addition the catalyst was producing methyl formate (0.2 vol %) in the
vapor, after the addition of ammonium bromide the methyl formate dropped to 0
vol %. However, the addition of ammonium bromide caused the propane to
increase from 0.08% to 0.22 vol! %.

6. Added 0.1 gram of 30% aqueous ammonium hydroxide dissolved in 25

25 grams of methanol. At the time of the ammonium hydroxide addition, the catalyst
was producing 0.56 vol % propane in the vapor. After the addition of ammonium
hydroxide the propane in the vapor was reduced to 0.18 vol %.

As can be seen from the above, the use of the nitrogen compound modifier
sharply increased the production of the desired propylene oxide product.

30 it can also be seen that practice of the invention also shows an advantage
in H, and O, conversion. More propylene oxide is made but less O, and H, is

consumed. This is an improvement in H, and O, utilization which is very
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“*110907& () - (10947& () -s&U ' L(N(O(P(dE: / 10T 10T>109%& ()-3:!109& () -

39! 1099°& {iYRIficaanmar§iro3esSaoammes() - 2! 1097& () - P(Q () ** <+W-pN-/

H$109% & ()-!L$S10%NVE ()- >$109& ()-!! HC$SL09& () -! HS10%& () - % 109X& () - G
10TWH+9, M a, - -] >-/

H$103(! 1094& () - ! L$SLO9XXE () - SHLO9XE () -! 109X& () -![ 9#10%& () -

LO#10%& ()----G b.d.e.f.g. yZODOH 10X 10X 10Xy=109%& () -

S +x109B& ()-!: +x10%t & ()-

L+x109%& ()-! H+x1096KX& ()-g. u....% J/}[ 9ODOH " 109& ()-![109%& ()-!+z10%]& ()
-1210% ] & ()-10%& ()-$10%& ()-3J/S/s/////}[ 90DOH! | #10%& () -! s#10%

& ()-3"10%& ()-!" 10%& ()-!i 10%ss& ()-MLO%& ()-/)0A00000}\ =ODOH! y2z) 10% &
()-' >y2z)109& ()-' 45y2z)109& ()-'!H+$109& () - +$10% & () -

i +$10% & ()- OGLI 1J1K1L1Y111~ @1 y910%& ()- 10%& ()- 940%& ()-Z 10z 10z
10z>10%& ()-!Ly2z)10% " & ()-' 12\ 22L344aB~ @+ $10%r& ()- 9! 10%& () -! d$10%m
& ()-Y! 10%& ()-! 10%& () -

10%1& () - 4#5G55556xX7dE~_@H (! 10%1& () - &$10%1& () - FY%s! 10%& () - #10%1& () -" 10
oC8 ()-f ! 10%& ()-x778_888LIdE~ @1 37$10%1& ()- 5s! 10%& () - 3&10%& () -
S210%1& ()- Ot!10%M& ()- 7$10%& ()- L9999999: : bCH! | 10%g& () - 3$10%g&’ () - Z
10m 10m 10mes10%m& ()- :s!10%m& ()- 8s!10%m& ()- :
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; V; ; A<<<dEbCH! $10%g& ()-!10%& ()-y! 10%& ()-,!10%& () - ‘$100/$&9 ('%‘UG’ 2.
" 109%&' () - <=k==>k>>aBbCH! ! 10%g& ()- $10%& ()-L! 10%& ()-!10%& ()-!10%& () -
18109 () ->??7???@RIELCH F(! 10%& ()- & 10%g& () - %$10%g& () -f#10%& () -

1 109g& ()- !10%g& ()- @Ea® A2B| BBaBbCH! 6! 10%g&' () - S5$10%&' () -
110%& ()-9-$10%&' ()-+10%g& ()-!4)" 109&' () -
B#CUCSC Saim-_ @ & 10%08' ()- ! 10%0& ()-! $+10%+O#C& () - 10g 10g 10gy;

Sores () | STEseR bR el B B ek o i
| 1090& () h drogen and oxygen in the presence of (a) a catalyst comprised of a titanium or

Z10%08! () - 31 10908 () - $104 GRH HH g 1 10908 () - $$10%08 () - @ 1
008! ()916 égi‘é “% ‘iéh |% Ry ECDF@PB'SQ%)@Q@ }ma(§)

A (e EBIER (re 3 ISR O AU IR G kL L1

31 10928 () - LLM2VFMVIVHIRY picidie's$ 10R8I&inG )+ Wherein the modifier is ammonia or an

10%& () - Z10%& 310%& () 10%8& () - ! $3Z+10%tb#b& () - M N{ NNO OOdEYNCH! ! 10
W& ()- @Fm%@!“?fg COMPIYPL: () -1 10%& ()-L! 109%& () -

10%& OCPI PRPGRXE 5 UG Y&
y@O%aéL) ()- eqqgm- ERdEYkICIJozl ! 1?)%%@6 tﬁ%mﬁﬁﬁj& %m%ﬁ K@r%ag O
%0%& ()-"!10%& ()Fhe pldsdss’ aéf) cRBh S SSTERIEEBINCHI @0 Y8 ljte- is&BahaMbd & () -

10 silicalite.
5. The process of claim 1 wherein the olefin is a C,-C4 mono-olefin.
6. The process of claim 1 wherein the noble metal is palladium.
7. A process for producing an epoxide comprising reacting a C,-C,

mono-olefin, hydrogen and oxygen in the presence of (a) a catalyst comprised of
15 titanium silicalite and palladium and (b) a nitrogen-compound modifier at a
temperature of from 20° C to 80° C to form the epoxide corresponding to the C,-
C, mono-olefin.
8. The process of claim 7 wherein the modifier is ammonia or an
ammonium compound.
20 9. The process of claim 7 wherein the C,-C; mono-olefin is propylene.
10. The process of claim 7 wherein the titanium silicalite is TS-1.
11. - The process of claim 7 wherein said reacting is carried out in a liquid
medium.
12.  The process of claim 11 wherein the liquid medium is comprised of
25 methanol, water or mixtures of methanol and water.
13.  The process of claim 11 wherein the modifier is introduced into said
liquid medium.
14.  The process of claim 6 wherein the catalyst is comprised of from 0.1
to 5.0 weight percent Pd.
30 15. The process of claim 6 wherein the molar ratio of modifier:noble
metal is in the range of from 50:1 to 0.05:1.

16. The process of claim 8 wherein the modifier is added continuously to
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11 10%& ()-/10%& ()-Y. Z10%& ()-! d+$10%&' () - zUTTTTTTTU U_@H ! 1{)0@& ()= %/8+10

- o%9& ()-1 10b 10b 10byy; 109%& ()- 8! 10%& ()-s6! 10%& () - AUG 2002
S UUULVMAKE [ 9 @H! VS109& () - Z! QB109%& () -2Z! 53 ~$10%& ()-4!3

S $1098S& () - 4&10%&' () -! 109%& () - XXXXXXXXXbCH! V &10%&' () -0 10%&' ()- 10 10 10;

1098 ()--10%&' ()-!10%& () - XXXXXXXeFbCH! V, 10%&' ()-P, 109%&' ()-P1, 10%&' ()-P, 10%
& () - P, 104 (gadction0osystem. PXYYYYYYl R3bCH, 109& ()- P, 10%& ()- P, 10%& ()-P;
c_N%r, 1098 ()- P 1094 () -PYYYY' Y(Y) ¥Xi-bC . e : .

CNoe 200 1) 18- 1007955 B gle i BxiRgisin the moriiag iparBpeniu SHIGdE vAvx .
C ammonium bromide, ammonium dihydrogen phosphate, diammonium hydro

c_, 10%& ()-P, 10% ()-P, 109& ()-P, 100%; (y-P, 1006 ()-'P, 10%& () - P, 0%
YHYI YJ YKYIpYigeehaiec anioogiu) apetatemor(mixkiresd@ereps.p, 109&' () - P;

c_No%*, 109%&' () - PLYRYXYAYdYeYgYH. : G, 109%& () - P;

c_N%+, 109&' ()-P, 109%& ()-P, 10%& ()-P, 10%& () -PgYi Yl Yr YXY~YYeF: C;

, 109&' (), 109& ()-P, 10%& ()-P, 109&' ()-P, 10%& ()-P, 10%&' ()- P, 10%& () - PYYYYYYY
IM:C;,10%& ()-P, 10%& ()-P, 109& ()-P, 10%& ()-P; c_N%, 109%& ()-PYYYYYYYH. : C,

, 109%&' ()-P; c_ N, 109%& ()-P, 10%& ()-P, 10%&' ()-P, 109%& () - PYYYYYYYYX"DC;

, 1098 (, 10%&' ()-P, 10%&' ()-P, 109& ()-P, 10%& ()-P, 10%& ()-P, 10%&' ()-P, 109%& ()
- PYYYYYYYWWEDC; , 10% 10%&' () - P, 109&' ()- P, 10%& ()-P, 10%&' ()- P, 109%& ()-P;
c_NY%YYYYYYYu[ ADC; , 10% 10%& () - P, 10%&' () - P;

c_N%+, 109%&' ()-P, 109%& ()-P, 10%& () - PYYYYYYYX"DC;

, 10% 10%&' ()-P, 109%&' ()-P, 109%& ()-P, 10%& ()-P, 10%& ()-P, 109%&' ()-P, 109%& () - PY
YYYYYYgH) D, 109%&' () - P, 10%& ()-P,, 10%& ()-P, 10%& ()- P, 109%&' ()-P; c_N®YYYZZZ
ZgMBD, 109&' () - P, 10%& () - P; c_N%t-, 10%&' ()-P-, 10%&' ()-P, 109%& ()-P
Z2777777x"D, 109&' ()- P, 10% 10%&' ()- P, 109%&' ()-P, 10%& ()- P, 10%& ()-P, 10%&' () -
109&' () - PZZZ2ZZ" Z#ZvWD, 1, 109%&' () - P, 10%&' () - P, 109&' ()-P, 10%& ()- P, 10%& () -
c_N#2%$2%28Z' Z(Z) Zu[ AD, 1, 109%& () - P, 10%& () - P;

c_N%r, 1098 ()-P, 10%& ()-P, 109%&' () - P) Z*212273747Z5Zx"D, 1, 10%& () - P, 109%&' () -
10%&' ()-P, 109& ()-P, 10%& ()-P, 10%& ()- P, 10%&' () - P52628Z: Z=ZDZI ZgH) D, 10%&
-P, 109& ()-P,,109%& ()-P, 10%& ()-P, 10%& ()-P;

c_NY%| ZMZPZXZYZZZ[ ZgMBD, 10%&' () - P, 109%& () - P;

c_N%-, 10%&' ()-P-, 10%& ()-P, 109&' () - P[ 2\ ZeZf ZgZhZi Zx"D, 10%& () - P, 10% 10%&' (
)-P, 10%&' ()-P, 10%& ()-P, 10%& ()-P, 10%& ()-P, 10%&' () - Pi Zj ZkZl ZnZsZt ZvWD, 1, 1
0%&' ()-P, 10%&' ()-P, 109& ()-P, 10%& ()-P, 10%& ()-P;

Cc_NYot ZuZvZwZxZyZzZu[ AD, 1, 109%& () -P, 109%&' () - P;

c_N%, 109& ()-P, 10%& ()-P, 109&' () - Pzz{22222Zx"D, 1, 10%&' () - P, 10%& () - P, 10%&'
()-P, 109%& ()-P, 10%& ()-P, 10%& ()-P, 109%&' ()-PZZZZ2777Zi \ OB, 110<10<10<0 " f >
UW10%<& ()- f> %10%& ()-P, 10%& () - P;

c_NZ2772777~">B, 1" 110%& () - 110%<& () - 110%<& ()-"110%& ()- " y10%& () -
“10%<&' () - 22277277C B 110%<&' () - ;

c>W5% +17M110%<& () -"110%<&' () - "110%<&' () - "110%<&' () - ZZZZZZZhHB"110%<&' () - ;
N10%& () - 110%<& () -"110%<& () -"110%<&' () -"110%<&' () - 110%<&' () - 22ZZ2Z2ZZkO
3B"1107M110%<&' () -"110%<&' ()-"110%& () -"110%& ()-:

c>W5% +170110%<&' ()-Z[[[[[[C B 110%&" () -;

c>W5% +180110%<&' () - 110%<&' () -"110%& () -"110%& ()-[[[[$[*[O[6][!L, "110%&
"()-"110%<& () -*110%<& () -"110%<& () -"110%<& ()-"110%<&" ()-"110%& ()-6[7[8
[:[=[ D H hH(, "110%& ()-"110%& ()-"110%& ()-"110%& ()-"110%<&" ()-;

c>W5% +1H N[ T[ Z[[[\[][ cGt, " 110%<& () - "110%<& () -;

c>W5% +170110%<&' () -"110%<&' ()-"110%<& ()-1[~[g[ h[i[j[k[pT, *110%& ()-"110%
110%<& ()-"110%<&' ()-"110%<&" ()-"110%&' ()-"110%& () - 110%& ()-k[I[nin[ o]
u[ v[ pP4, "170110%<&' () - 17 110%<& () - 110%<& () -"110%& ()-"110%<&" () -;

'e>W5% +1viwW X[ y[ z[{[| [ pT8, ~17110%& () - 110%& ()-:

c>W5% +170110%<&' () -"110%<&' () -~110%<& ()- | [Y[I[[[[pT, ~"17110%& ()-"110%& (
)-M110%& () -2110%<& () -*110%<& () -*110%<& ()-"~110%& ()-[[[[[[[ dD$ 110%<&
()-"110%&" ()-"110%<&" ()-"110%<&" ()-"110%& ()-:

c>W5% +A[[[[[[[ cGH 110%<& () -"110%<&" () -;

c>W5% +170110%<& () -~110%<&' () -~110%<& ()-[[[[[[[pT 110%& ()-"110%110%&" (
)-M110%& () -2110%<& () -*110%<& () -"110%& ()-~110%& ()-[[[[[[[ pP4*17110%
& ()-17110%<& ()-"110%<& ()-"110%& ()-"110%& ()-:

c>W5% +1[[[[[[[ pT8 17 110%& () -"110%& ()-;

c>W59% +171109%<8&' () - "110%<& () -*110%<& (7 [[[[[[[pT 17110%<& ()-"110%& () - "
110%<& ()-"110%&" ()-"110%<& ()-"110%<& ()-~1109%<& ()-[[[[[[[\{na@ 1"

3+10% 2>. & ()-Y10;-10; 010; " >u%Gl0% & ()-"110%& ()-;

c>wWs% +1IN\\V\V{\]ALA [ @1 " LS$10%2>z& ()- ° 1109%2>z& ()- ° (10%2>z& ()-
10%2>z8& ()- ~F10%2>z& ()- ~10%2>z& ()-L "1 H _ "|[: @1 ~10%2>z& ()-
110%2>z& () - T $10%2>z& ( T10%22>z& ()- !110%2>z& () -
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