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rangi ng ff_"qmréqapg BMtteBnfran’éshours. Alternatively, the precursor-|oaded
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be desirable to red%aoﬁdm? ABfoMotEPRERN BAS be \Witipe el tHE B RRdicar ihhe
netal losilicate to a metallic state. Eor exa nple) if a silver or%tgold
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prepared by a solid/solid 35 phase preparation. In this preparative mnethod,
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prepar at ipremetebatitareah jikdwise bapedseat inepleaRGstate, lohR sutecesidneficliusiérsand

i nvention can be Breﬁared by sol uti on phase net hods, such as grecipitation
deposi t i GANGSY bR oyldad e Tameka REAMYASMEIEE CBPPUNGh SRiTe Sl e amRies el r e
that t he wifichRtiabe CHEWMPNARE Grbup R oxieS ChYROXidE MRAGEY] and ixtars tRERFPL er
nmet al compounds or pronoter netal precursor conpounds, be solubilized in a
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deposited in vapor phase preparations in the same manner as the metal component.

in an alternative preparation, the catalyst can be prepared by a solid/solid
35 phase preparation. In this preparative method, the metal component or its precursor
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any which gives rise to the desired olefin oxide in the process of this invention. Generalily,
25 the loading of the promoter metal(s) is greater than 0.001 weight percent, preferably,
greater than 0.01 weight percent, based on the total weight of catalyst. Generally, the
loading of the promoter metal(s) is less than 50 weight percent, and preferably, no greater
than that required to fill the void space of the metallosilicate after the desired amount of
metal component has been loaded.

30 The catalyst composition comprising a metal component and, optionally, orle
or more promoter elements dispersed on a metal ion-exchanged metallosilicate embraces
within its scope any combination of metal components, promoter elements, and metal ion-
exchanged metallosilicates described hereinabove. Preferably, however, the catalyst

composition does not include compositions consisting of a metal component selected from
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considerably over a nonflammable and flammable regime. It is beneficial, however, to
recognize the conditions which distinguish between nonflammable and flammable mixtures
of the olefin, reducing agent, and oxygen. Accordingly, a phase diagram can be
constructed or consulted which for any given process temperature and pressure shows the
30 flammable and non-flammable range of reactant compositions, including the diluent, if used.

Usually, the process is conducted at a temperature which is greater than
ambient, taken as 20°C, preferably, greater than 70°C, more preferably, greater than 120°C.
Usually, the process is conducted at a temperature less than 250°C, preferably, less than
225°C, more preferably, less than 200°C. Preferably, the pressure ranges from
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corresponding olefin oxide (epoxide) is produced in good productivity. The most preterred
olefin oxide produced is propylene oxide.

20 The conversion of olefin in the process of this invention can vary depending
upon the specific process conditions emplbyed, including the specific olefin, temperature,
pressure, mole ratios, and form of the catalyst. As used herein, the term “conversion” is
defined as the mole percentage of olefin which reacts to form products. Generally, the
conversion increases with increasing temperature and pressure and decreases with

25 increasing GHSV. Typically, an olefin conversion of greater than 0.1 mole percent is
achieved. Preferably, the olefin conversion is greater than 0.3 percent.

Likewise, the selectivity to olefin oxide can vary depending upon the specific
process conditions employed. As used herein, the term “selectivity” is defined as the mole
percentage of reacted olefin which forms a particular product, desirably the olefin oxide.

30 Generally, the selectivity to olefin oxide will decrease with increasing temperature and .
increase with increasing space velocity. The process of this invention produces olefin
oxides in unexpectedly high selectivity. A typical selectivity to olefin oxide in this process is
greater than 50, preferably, greater than 70, and more preferably, greater than 80 mole
percent.



"selected fromfaujasites, nordenite, beta) ZSM3, ZSM5, ZSM 11, ZEWSER o
ZSM 18, ZSM 20, ferrierite, gnelinite, L, onega, offretite, NU-87, MM 22,
. MCM 41, and 15. The process of Claim 14 wherein the $04 18
zeolite Y.W985 pr ocess of Claim ]l wherein the netall osi Iplt:g,éﬂtsg%s?

I on-exchanged with 20 one or nore netal ions selected from Goup 1, G oup

thal 1 rum 11, and | aahnes Bpcrghetdp an RceqhnPly iy BAETRE St o

C ai m 1 whieireientienidan be easilyyegererated néng cptaiyubtmeneka&rmntesthe@beneraw from

metal | osiTouRig o8 FUETRER iR SniRh PRy e FE e pReNeBTFAG aRY ho

nmet al compxdhe mxldrasorg pexmess dedcahed hé@aln veng bmutqm cgyeherdtias ecktiosd bdiraprﬁsy‘sal

wei gh t r_tha § conponent
requi red '}eSP'?q ﬁ\% %1%%\'/35?@ %6&%53 m&r%'i ar}fe]t‘gg? g@ deanLgaocﬁ 8Bess of
dai m1 wiveosphers bEawgemlepaxlbn|@shnumﬂwlng)owgeamumpmupamdn in8A gab. AThe
Creater dielinandantbodophamds Jaiesitiest B0 She dbofy ThBRREUN ST .
~ 1  lxygen ih thd regehetatibn ghskan befany which effectively regenerates the catalgdt. The
process of Caiml erei n when %_E%’zorocess I s conducted in a gaseous

phase, t HeelgsRP e PYYISHFOBRFIERD 191 100ROlg | ReFGENt o0& theregersratiolhgasio n'
and | gss gunabledRe?g8sdt are noflredétve &inG ivdieid, ?&%xﬁﬁ%%rdg%ncﬁélwtaﬁg a!réb

liquid phase t he wei ght hourly space Ve|OCIté he olefin is greater

t han 0. 01 "W"’e%!r‘ﬁj’at'%que}w"émevltb@t i the tige dyringry lCBﬁ%es@lyétlseemgrfﬁmewete@p n
the pressidhGahddism RakeLN2 AlinedRead Iﬁné‘ag s(taPRddts, fgﬁexame PRES af'
Claim1 wherein the process Is conducted in a reactor selected from batch
fixed bedhelowsrispanneralion tempoatyeneln an altrartiveerarediment, wRtes maycbe shel | and
tube, co | The
process. ooy ety Ao 1 RigRhbiafbh pag Fin A B ARl b ot o, 3

t enpelsat uk0® mele\weseent50C and 500C. 25. The process of Claim 1 wherein the
catalyst is prepared by contacting vapors of a netal oxide or a netal oxide
precur sor corrpound The inventigp vl be % elnalingeley aepasideration etthe follpwing. The
Process Qdyafd %hv‘ﬁl'@ﬁrﬁéﬁhﬁ toHe fiREY aﬁéanaﬂqr E'ﬁhg‘ifsélof HRNAYEHIRAI Sther

met al | osi Ilcate wth vapors of a metal oxideor a nmetal oxide precursor
corrpound)eftlbﬂ;dlmét\tﬁl af da ﬂV%itO@ Wik be apéafﬁéﬂlodh@ﬁﬁr skilledga thex@rt omedper at ur e

bet ween

preparation gggbq ;{oﬁ%iﬂ 'fspgc?ﬂcag?'gggﬁ'%&}%@ﬁ uﬁv?ﬁ?rﬁ%’ &{Qﬁégéd"tﬁ]@ﬁ: r%ncleessss of
Cl ai m®R25 ethemdsennathad, @kmcmﬁ@gescamgwndaniasmalermraéntdmsbonyT corrpl ex, a
metal cycl opent adi ene or netal dicycl opentadi ene conpl ex, a nethyl netal
conpl ex, Biepawationghkatalysis |ic chloride. 29. The process of O aim 28 wherein

the netal car bonyl is tungsten 25 carbonyl, nolybdenum carbonyl, rhenium
carbonyl, or chroni Ui tolpwiga\genershpropadurs wasssplayecioRrapare anearies ot t he

cat al yst goxiia®BA cafhiyiYs Emprifid é‘ﬁaﬁsﬁ&?ﬁrﬁéta@i@é’a&ée%ﬁ rbn?3::e"c‘iﬁ‘tfeﬁﬂlaY or Bay.
i on-exchanged nmetallosilicate in the solid phase to yield a solid

conpri si n§ exampies wigh Np¥nibatzeglits wasditsad g5 parehased froshUeRdha&Y i and no ion-
met al bosi é)lcﬁﬁ e walth Bg%r gy"‘ JEPJ&SEQ%'VQM \V1thé;ﬁla?'v0é§90tél gdd ||6 ?&haﬁgmg

tenperature ween 30 an O t1 onal Y, ucl e SO
a tenper amrhéa\bwtmar@wa&noﬁpesmeﬂly. the Na¥ waA@mrmechﬂh\gn Axeewaqnem A

. AF. ANY. A@olu&ch@:ﬂanéhléndpeﬁoﬁ M) at room temperature for 17 h. The slurry was filtered,
and the solid obtained was washed with water (4 1) and then dried at 50°C for 6 h.

The zeolite was placed in a reactor containing a side arm and calcined by
30 heating at 5°C/min to 450°C and holding at 450°C for 2 h under oxygen. Then, the reactor
was evacuated and cooled to room temperature. A metal carbonyl compound was placed‘
in the side arm of the reactor and heated under vacuum to 150°C. Under these conditions,
the metal carbonyl sublimed and its vapors dispersed onto and into the zeolite. The

reagents used were as follows: (1) rhenium carbonyl (40 mg) with BaY (1.400 g); (2)
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3 NaY/MoO, 67 0.65
(0.95 g)
4 NaY/CrO, 73 0.28
(2.00 g)
20 “ Feed: 30% propylene, 10% oxygen, 10% hydrogen, 50% helium;
Temperature, 150°C; Pressure, atmospheric; Flow feed, 150 cm*min “

(GHSV 4,500 h™)

Itis seen in Table | that a catalyst comprising a transition metal oxide dispersed on a metal

25 ion-exchanged porous aluminosilicate, specifically NaY or BaY, is capable of oxidizing
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Catalyst
Ex. (g) % Sel PO % Conv PP

5 BaY/ReO, 93 0.15
(0.88 g)

6 BaY/WO, 88 0.11
(1.04 9)

7 NaY/MoO, 61 0.61
(0.95 g)

8 NaY/CrO, 75 0.54
(2.00 g)

® Feed: 30% propylene, 10% oxygen, 10% hydrogen, 50% helium;
20 Temperature, 150°C; Pressure, atmospheric; Flow feed, 150 cm*/min

(GHSV 4,500 h'')

It is seen in Tabie |l that the regenerated catalysts of Examples 1-4 comprising a transition
metal oxide dispersed on a metal ion-exchanged porous aluminosilicate are active in

25  oxidizing propylene directly with oxygen in the presence of hydrogen to propylene oxide. In
Examples 5, 6, and 8, the regenerated catalyst is more active and more selective for

propylene oxide than the corresponding fresh catalyst.
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calcined in air from room temperature to 480°C in 8 h and then held at 480°C for 4 h. The

calcined material (10 g) was placed in a flask and stirred with an aqueous solution of silver
nitrate (1 1; 0.1 M) for 48 h. The flask was kept away from light. The slurry was filtered, and
15 the filtered product was washed free of chloride and dried in the dark at room temperature.
The material was calcined at 480°C for 2 h. The calcined, dehydrated silver-exchanged
Y zeolite (2.306 g) was ground together with rhenium carbony! (60 mg) in a mortarin a
glove box for 5 min. The mixture was calcined under oxygen at 150°C, and then the
calcined material was reduced at 150°C in 600 torr of hydrogen. The catalyst (1.75 g) was
20 tested in the hydro-oxidation of propylene in the manner described in Examples 1-4 with the
following resuits: at 125°C, conversion of bropylene, 0.34 percent; seléctivity to propylene
oxide, 82 percent.
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divinylbenzene, allyl chloride, allyl alcohol, allyl ether, allyl ethyl ether, allyl butyrate, allyl

15  acetate, allyl benzene, allyl phenyl ether, allyl propyl ether, and allyl anisole.

_ 4. The process of Claim 1 wherein the olefin is used in a quantity greater
than 1 and less.than 99 mole percent, based on the total moles of olefin, oxygen, reducing
agent, and optional diluent.

5. The process of Claim 1 wherein the oxygen is used in a quantity greater
20 than 0.01 and less than 50 mole percent, based on the total moles of olefin, oxygen,
reducing agent, and optional diluent.

6. The process of Claim 1 wherein the reducing agent is used in a quantity
greater than 0.01 and less than 50 mole percent, based on the total moles of olefin, oxygen,
reducing agent, and optional diluent.

25 7. The process of Claim 1 wherein the reducing agent is hydrogen.

8. The process of Claim 1 wherein a diluent is used such that when the
process is conducted in a vapor phase, the diluent is selected from helium, nitrogen, argon,
methane, carbon dioxide, steam, and mixtures thereof; and wherein when the process is
conducted in a liquid phase, the diluent is selected from chlorinated benzenes, C, ,, aliphatic’

30 alcohols, chlorinated C,  alkanols, liquid polyethers, polyalcohols, and polyesters.

9. The process of Claim 1 wherein a diluent is used in a quantity greater
than 0 and less than 90 mole percent, based on the total moles of olefin, oxygen, reducing
agent, and optional diluent.
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' the elemental metals and metal compounds of the elements of Groups 3-14, the rare earth

lanthanides, and the actinides of the Periodic Table of the Elements, and combinations

thereof.

5 11. The process of Claim 1 wherein the metal component is a metal
compound selected from metal oxides, metal carbides, metal nitrides, metal hydroxides,
metal oxycarbides, metal oxynitrides, and metal oxyhydroxides.

12. The process of Claim 11 wherein the metal oxide is tungsten oxide,
rhenium oxide, molybdenum oxide, or chromium oxide.

10 13. The process of Claim 1 wherein the metal of the metal component is
selected from titanium, zirconium, vanadium, niobium, tantalum, chromium, molybdenum,
tungsten, manganese, rhenium, iron, ruthenium, osmium, cobalt, rhodium, iridium, nickel,

palladium, platinum, copper, silver, gold, thallium, tin, bismuth, the rare earth lanthanides,
and combinations thereof.

15 14. The process of Claim 1 wherein a porous aluminosilicate is employed
selected from faujasites, mordenite, beta, ZSM-3, ZSM-5, ZSM-11, ZSM-12, ZSM-18, ZSM-
20, ferrierite, gmelinite, L, omega, offretite, NU-87, MCM-22, MCM-41, and N_ICM-56.

15. The process of Claim 14 wherein the faujasite is zeolite Y.
16. The process of Claim 1 wherein the metallosilicate is ior_\-exchanged with

20 one or more metal ions selected from Group 1, Group 2, Groups 3-11, the rare earth

lanthanides, the actinide elements, thallium, tin, and lead elements of the Periodic Table.

17. The process of Claim 1 wherein additionally one or more promoter
elements selected from Group 1 and Group 2 elements and combinations thereof, is
dispersed on the metallosilicate.

25 18. The process of Claim 1 wherein the loading of the metal component is
greater than 0.001 weight percent, based on the total weight of the catalyst, and no greater
than the quantity of metal component required to fill the void space of the metaliosilicate.

19. The process of Claim 1 wherein the catalyst is bound to a second
support.

30 20. The process of Claim 1 wherein the process is conducted at a
temperature greater than 20°C and less than 250°C.
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28. The process of Claim 25 wherein the precursor compound is a metal
carbonyl complex, a metal cyclopentadiene or metal dicyclopentadiene complex, a methyl
metal complex, or an organometallic chloride.

29. The process of Claim 28 wherein the metal carbonyl is tungsten
25  carbonyl, molybdenum carbonyl, rhenium carbonyl, or chromium carbonyl.

30. The process of Claim 1 wherein the catalyst is prepared by contacting a
metal compound with a metal ion-exchanged metallosilicate in the solid phase to yield a
solid comprising a metal component dispersed on a metal ion-exchanged metallosilicate,
and thereafter, optionally, calcining the solid at a temperature between 200°C and 800°C,
30 and optionally, reducing the solid at a temperature between 30°C and 500°C.
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