wo 2012/009057 A1 I T IA0FO 000 OO OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
19 January 2012 (19.01.2012)

(10) International Publication Number

WO 2012/009057 A1l

International Patent Classification:

B01J 23/00 (2006.01) B01J 23/72 (2006.01)
B01J 23/02 (2006.01) CO07C 27/10 (2006.01)
B01J 23/36 (2006.01)

(51

(21) International Application Number:

PCT/US2011/038618

(22) International Filing Date:

31 May 2011 (31.05.2011)
English
English

(25)
(26)
(30)

Filing Language:
Publication Language:

Priority Data:

61/363,223 10 July 2010 (10.07.2010)

1

(72)
(73)

Inventors; and

Angeles, California 90024 (US).
74

of Columbia 20007 (US).

Applicant (for all designated States except US): SUMIT-
OMO CHEMICAL COMPANY, LIMITED [JP/JP];
27-1, Shinkawa 2-chome, Chuo-ku, Tokyo 104-8260 (JP).

Inventors/Applicants (for US only): OHISHI, Yoshi-
hiko [JP/JP]; 2-11-7-302, Sonchigashino-cho, Toyonaka-
shi, Osaka 561-0802 (JP). SEUBSAI, Anusorn [TH/US];
c/o Laboratory Catalyst Systems, LLC, 914 Westwood
Boulevard, Suite 334, Los Angeles, California 90024
(US). SENKAN, Selim [US/US]; ¢/o Laboratory Catalyst
Systems, LLC, 914 Westwood Boulevard, Suite 334, Los

Agents: KAMINSKI, Michael D. et al.; Foley & Lardner
LLP, 3000 K Street, NW, Suite 600, Washington, District

62y

84)

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted
a patent (Rule 4.17(ii))

as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

Published:

with international search report (Art. 21(3))

(54) Title: PROCESS FOR PRODUCING OLEFIN OXIDE

(57) Abstract: A process for producing an olefin oxide which comprises reacting an olefin with oxygen in the presence of a cata-
lyst comprising (a) copper oxide, (b) rthenium oxide and (c) alkaline metal component or alkaline earth metal component.



10

15

20

25

WO 2012/009057 PCT/US2011/038618

DESCRIPTION

PROCESS FOR PRODUCING OLEFIN OXIDE

Cross-Reference to Related Applications

This application claims priority to and the benefit of
U.S. Provisional Application No. 61/363,223 , filed July 10,

2010, incorporated by reference here in its entirely.

Technical Field
The present invention relates to a process for producing

an olefin oxide.

Background Art

Olefin oxides, such as propylene oxide, are important and
versatile intermediates used in the production of a large
variety of wvaluable consumer products such as polyurethane
foams, polymers, alkylene glycol, cosmetics, food emulsifiers
and as fumigants and insecticides.

Previous research on olefin epoxidation involved the use
of Ag-based catalysts (Appl. Catal. A. Gen. 2001, 221, 73.),
as well as silica supported Cu (J. Catal. 2005, 236, 401),
various metal oxides (Appl. Catal. A.Gen. 2007, 316, 142),
Au-based catalysts with Hy as a co-reactant (Ind. & Eng. Chem.
Res. 1995, 34, 2298, J. Catal. 1998, 178, 5606; Appl. Catal. A.
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Gen. 2000, 190, 43; Angew. Chem. Int. Ed. 2004, 43, 1546 ),
titania based catalysts that deactivated quickly (Catal. Commun.
2001, 1356; Catal. Commun. 2003, 4, 385), molten salts of metal
nitrates (Appl. Catal. A. Gen. 2000, 196, 217), the use of O3
(Appl. Catal. A. Gen. 2000, 196, 217) and nitrous oxide (Ind.
& Eng. Chem. Res. 1995, 34, 2298) as reactants. Although these
developments are scientifically interesting, they have serious
drawbacks, such as low PO selectivities and/or low propylene
conversions, short catalyst lifetimes, the use of higher
pressures or the use of costly co-reactants (Appl. Catal. A.Gen.

2007, 316, 142).

Summary of Invention

The present invention provides:
[1] A process for producing an olefin oxide which comprises
reacting an olefin with oxygen in the presence of a catalyst
comprising (a) copper oxide, (b) rhenium oxide and (c) alkaline
metal component or alkaline earth metal component.
[2] The process according to [1], wherein the catalyst
comprises (d) halogen component.
[3] The process according to [1] or [2], wherein the catalyst
comprises (e) composite oxide.
[4] The process according to [1l], wherein (a) copper oxide,
(b) rhenium oxide and (c) alkaline metal component or alkaline

earth metal component are supported on a porous support.
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[5] The process according to [2], wherein (a) copper oxide,
(b) rhenium oxide, (c¢) alkaline metal component or alkaline
earth metal component and (d) halogen component are supported
on a porous support.

[6] The process according to [4] or [5], wherein the porous
support comprises Al,03, Si0O,, TiO, or ZrO,.

[7] The process according to [4] or [5], wherein the porous
support comprises S5i0,.

[8] The process according to any one of [1] to [7], wherein
the total amount of (a) copper oxide, (b) rhenium oxide and (c)
alkaline metal component or alkaline earth metal component is
0.01 to 80% by weight of the amount of the catalyst.

[9] The process according to any one of [1] to [8], wherein
the copper/rhenium metal molar ratio in the catalyst is 1/99
to 99/1.

[10] The process according to any one of [1] to [9], wherein
the copper/ (¢) component metal molar ratio in the catalyst is
1/99 to 99/1.

[11] The process according to any one of [1] to [10], wherein
(a) copper oxide is CuO.

[12] The process according to any one of [1] to [11], wherein
(b) rhenium oxide is ReO,; or ReOs;.

[13] The process according to any one of [1] to [12], wherein
(c) alkaline metal component or alkaline earth metal component

is an alkaline metal-containing compound or an alkaline earth
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metal-containing compound.

[14] The process according to any one of [1] to [13], wherein
(c) alkaline metal component or alkaline earth metal component
is a sodium-containing compound.

[15] The process according to [4], wherein the catalyst is
obtained by impregnating a porous support with a solution
containing a copper ion, a rhenium ion and an alkaline metal
or alkaline earth metal ion to prepare a composition, followed
by calcining the composition.

[16] The process according to [5], wherein the catalyst is
obtained by impregnating a porous support with a solution
containing a copper ion, a rhenium ion, an alkaline metal or
alkaline earth metal ion and a halogen ion to prepare a
composition, followed by calcining the composition.

[17] The process according to any one of [1] to [16], wherein
the olefin is propylene and the olefin oxide is propylene oxide.
[18] The process according to any one of [1] to [17], which
comprises reacting an olefin with oxygen at a temperature of
100 to 350°cC.

[19] A catalyst for production of an olefin oxide which
comprises (a) copper oxide, (b) rhenium oxide and (c¢) alkaline
metal component or alkaline earth metal component.

[20] The catalyst according to [19] which comprises (d) halogen
component.

[21] The catalyst according to [19] or [20] which comprises
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(e) composite oxide.

[22] The catalyst according to [19], wherein (a) copper oxide,
(b) rhenium oxide and (c) alkaline metal component or alkaline
earth metal component are supported on a porous support.
[23] The catalyst according to [20], wherein (a) copper oxide,
(b) rhenium oxide, (c¢) alkaline metal component or alkaline
earth metal component and (d) halogen component are supported
on a porous support.

[24] The catalyst according to [22] which is obtained by
impregnating a porous support with a solution containing a
copper ion, a rhenium ion and an alkaline metal or alkaline earth
metal ion to prepare a composition, followed by calcining the
composition.

[25] The catalyst according to [23] which is obtained by
impregnating a porous support with a solution containing a
copper ion, a rhenium ion, an alkaline metal or alkaline earth
metal ion and a halogen ion to prepare a composition, followed
by calcining the composition.

[26] The catalyst according to any one of [19] to [25], wherein
the (c¢) alkaline metal component or alkaline earth metal
component is an alkaline metal-containing compound or an
alkaline earth metal-containing compound.

[27] The catalyst according to any one of [22] to [26], wherein
the porous support comprises Al;0;3, Si0y, TiO,; or ZrO;.

[28] The catalyst according to any one of [22] to [27], wherein
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the porous support comprises SiO,.

[29] The catalyst according to any one of [19] to [28], wherein
the olefin oxide is propylene oxide.

[30] Use of a catalyst for producing an olefin oxide, said
catalyst comprising (a) copper oxide, (b) rhenium oxide and (c)
alkaline metal component or alkaline earth metal component.
[31] The use of acatalyst according to [30], wherein the olefin

oxide is propylene oxide.

Description of Embodiment

The process of the present invention comprises reacting
an olefin with oxygen in the presence of a catalyst comprising
(a) copper oxide, (b) rhenium oxide and (c) alkaline metal
component or alkaline earth metal component.

The components (a), (b) and (c) may be supported on a
porous support or a non-porous support. Examples of the
non-porous support include a non-porous support comprising Si0;
such as CAB-0-SIL (registered trademark).

In the catalyst, the components (a), (b) and (c) are
preferably supported on a porous support. This catalyst is
valuable for production of olefin oxides, which is one aspect
of the present invention.

The porous support has pores capable of supporting the
components (a), (b) and (c). The porous support comprises
preferably Al,03, Si0,, TiO, or Zr0,, more preferably SiO,.
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Examples of the porous support comprising Si0O, include
mesoporous silica. Such a porous support may also comprise
zeolites.

If the catalyst comprises Si0; as a support, olefin oxides
can be prepared with good yield and good selectivity.

The catalyst may comprise one or more kinds of (a) copper
oxide. The (a) copper oxide is usually composed of copper and
oxygen. Examples of the copper oxide include Cu,0 and CuO. The
copper oxide is preferably CuO.

The catalyst may comprise one or more kinds of (b) rhenium
oxide.

The component (b) is usually composed of rhenium and
oxygen. Examples of component (b) oxide include ReO,, ReOs5 and
Re;07, preferably ReO; or ReOs;.

The catalyst may comprise one or more kinds of (c)
alkaline metal component or alkaline earth metal component.

The component (c) may be an alkaline metal-containing
compound, an alkaline earth metal-containing compound, an
alkaline metal ion or an alkaline earth metal ion.

Examples of the alkaline metal-containing compound
include compounds containing an alkaline metal such as Na, K,
Rb and Cs. Examples of the alkaline earth metal-containing
compound include compounds containing an alkaline earth metal
such as Ca, Mg, Sr and Ba. Examples of the alkaline metal ion
include Na', K', Rb' and Cs'. Examples of the alkaline earth
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metal ion include ca’’, Mg?", Sr’" and Ba’’.

The alkaline metal component may be an alkaline metal
oxide. Examples of thealkalinemetal oxide include Na,0, Na,0;,
K,0, KO;, K;0,, Rb,0, Rby0,, Cs,0, Cs,0,, Cs0O,, Cs0;, Cs,05, Cs1103,
Cs4s0 and Cs;0. The alkaline earth metal component may be
alkaline metal earth oxide. Examples of the alkaline earth
metal oxide include Ca0O, Ca0;, MgO, Mg0O,, Sr0O, Sr0,, BaO and BaO;.

The alkaline metal-containing compound is preferably an
alkaline metal salt. The alkaline earth metal-containing
compound is preferably an alkaline earth metal salt. The
alkaline metal salt comprises the alkaline metal ion as
mentioned above with an anion. The alkaline earth metal salt
comprises the alkaline earth metal ion as mentioned above with
an anion. Examples of anions in such salts include F, C17, Br,

I~, OH, NO3~, S0.°7, CO5*”

, HCOs:  and sof‘. Such salts are
preferably an alkaline metal salt with a halogen, such as an
alkaline metal halide, or an alkaline earth metal-containing
salt with a halogen, such as an alkaline earth metal halide,
more preferably an alkaline metal salt with a halogen, still
more preferably an alkaline metal chloride.

The component (c¢) is preferably an alkaline
metal-containing compound or an alkaline earth
metal-containing compound, more preferably a
sodium-containing compound.

Particularly if the catalyst comprises NaCl as the (c)
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component, it can show excellent olefin oxide selectivity.

The copper/rhenium metal molar ratio in the catalyst is
preferably 1/99 to 99/1. When the metal molar ratio falls
within such a range, the olefin oxide yield and selectivity can
be further improved. The lower limit of the molar ratio is more
preferably 2/98, still more preferably 3/97, further preferably
10/90, particularly preferably 20/80. The upper limit of the
molar ratio is more preferably 98/2, still more preferably 97/3,
further preferably 90/10, particularly preferably 80/20.

The copper/ (c) component molar ratio in the catalyst is
preferably 1/99 to 99/1. When themolar ratio falls within such
a range, the olefin oxide yield and selectivity can be further
improved. The lower limit of themolar ratio is more preferably
2/98, still more preferably 3/97. The upper limit of the molar
ratio is more preferably 98/2, still more preferably 97/3. The
“(c) component” of themolar ratio represents the alkaline metal
or alkaline earth metal existing in the (c¢) component and the
alkaline metal or alkaline earth metal ion existing in the (c¢)
component.

When the components (a), (b) and (c) are supported on a
porous support in the catalyst, the total content of the
components (a), (b) and (c¢) is preferably 0.01 to 80% by weight
of the amount of the catalyst. When the total content falls
within such a range, the olefin oxide yield and selectivity can

be further improved. The lower limit of the total content is

9



10

15

20

25

WO 2012/009057 PCT/US2011/038618

more preferably 0.05% by weight, still more preferably 0.1% by
weight of the amount of the catalyst. The upper limit of the
total content is more preferably 50% by weight, still more
preferably 30% by weight of the amount of the catalyst.

The catalyst may comprise (d) halogen component besides
the components (a), (b) and (¢). The component (d) is generally
a halogen-containing compound. Examples of the halogen
include chlorine, fluorine, iodine and bromine.

Examples of such a halogen-containing compound include
copper halides such as CuCl and CuCl,, rhenium halides such as
ReClz; and ReCl,, cupper oxvhalides such as CuOCl,, CuClQg,
Cl0,Cu (Cl04) s and Cuy0(Cl04)2, and rhenium oxyhalides such as
ReOCl;, ReOCl, and Res04Clg. The component (d) may be supported
on any of the components (a), (b) and (c) or the porous support.

The catalyst may further comprise (e) composite oxides
including those composed of copper, rhenium and oxygen, such
as Cug.»sRe0Os and Cu (ReQy4) 2, those composed of sodium, rhenium
and oxygen, such as NaReO,4, and those composed of sodium, copper
and oxygen, such as NaCuO;, Na;CuO,;, NaCuO and NagCu,0s.

If the catalyst comprises the component (d) or (e), the
component may be supported on the porous support as mentioned
above.

Production of the catalyst is not restricted to a specific
process, examples of which include the conventional methods.

When the components (a), (b) and (c) are supported on a
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porous support in the catalyst, the catalyst can be obtained
by impregnating a porous support with a solution containing a
copper ion, a rhenium ion and an alkaline metal or alkaline earth
metal ion to prepare a composition, followed by calcining the
composition. The support can be in form of powder, or shaped
to a desired structure as necessary. If the catalyst comprises
the component (c¢) which is an alkaline metal salt with a halogen
or alkaline earth metal salt with a halogen, and the component
(d) supported on the porous support, the catalyst can be
obtained in the same procedure as mentioned above except that
the solution contains a copper ion, a rhenium ion, an alkaline
metal or alkaline earth metal-containing ion and a halogen ion.

The solution containing a copper ion, a rhenium ion and
an alkaline metal or alkaline earth metal ion can be prepared
by dissolving a copper metal salt or a copper oxide, a rhenium
metal salt or a rhenium oxide, and an alkaline metal or alkaline
earth metal salt or an alkaline metal or alkaline earth metal
oxide in a solvent. The solution is preferably prepared by
dissolving a copper metal salt, a rhenium metal salt and an
alkaline metal or alkaline earth metal salt in a solvent.
Examples of the copper metal salt include copper acetate, copper
ethoxide, copper isobutyrate, copper isopropoxide, copper
hydroxide, copper nitrate, copper sulfate, copper chloride,
copper diammonium chloride, copper bromide and copper iodide.

Examples of the rhenium metal salt include rhenium carbonyl,
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rhenium chloride, rhenium pentacarbonyl bromide, and rhenium
pentacarbonyl chloride. The alkaline metal or alkaline earth
metal salt for the solution may be the same as or different from
the salt of the (¢) component in the catalyst. Examples of the
alkaline metal or alkaline earth metal salt include alkaline
metal nitrates, alkaline earth metal nitrates, alkaline metal
halides, alkaline earthmetal halides, alkaline metal acetates,
alkaline earth metal acetates, alkaline metal butyrates,
alkaline earth metal butyrates, alkaline metal benzoates,
alkaline earth metal benzoates, alkaline metal alkoxides,
alkaline earth metal alkoxides, alkaline metal carbonates,
alkaline earth metal carbonates, alkaline metal citrates,
alkaline earth metal citrates, alkaline metal formates,
alkaline earth metal formates, alkaline metal hydrogen
carbonates, alkaline earth metal hydrogen carbonates, alkaline
metal hydroxides, alkaline earth metal hydroxides, alkaline
metal hypochlorites, alkaline earth metal hypochlorites,
alkaline metal halates, alkaline earth metal halates, alkaline
metal nitrites, alkaline earth metal nitrites, alkaline metal
oxalates, alkaline earth metal oxalates, alkaline metal
perhalates, alkaline earth metal perhalates, alkaline metal
propionates, alkaline earth metal propionates, alkaline metal
tartrates and alkaline earth metal tartrates, preferably
alkaline metal halides and alkaline metal nitrates, more
preferably NaNOs; and NaCl. At least one of the metal salts for
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the solvent contains preferably a halogen ion, more preferably
a chloride ion. Such a halogen ion may form the (¢) components
such as alkaline metal halides or alkaline earth metal halides,
or the (d) components such as rhenium halides, rhenium
oxyhalides, copper halides and copper oxyhalides. The solution
may contain acidic or basic compounds in order to control its
PH.

Examples of the solvent for the solution include water
and alcohols such as methanol or ethanol.

The total amount of the porous support is preferably 20
to 99.99% by weight, more preferably 50 to 99.95% by weight,
still preferably 70 to 99.9% by weight of the catalyst as
obtained.

The composition as prepared by the impregnation is
usually dried, and the drying method thereof is not limited.
The composition as prepared by the impregnation is preferably
dried at a temperature of approximately 40°C to approximately
200°C before calcining the composition. Drying is preferably
performed under an atmosphere of air or also under an inert gas
atmosphere (for example, Ar, N,, He) at standard pressure or
reduced pressure. Adrying time is preferably in the range from
0.5 to 24 hours. After drying, the composition can be shaped
to a desired structure as necessary.

The method of calcining the composition is not limited,

and calcining the composition is preferably performed under a
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gas atmosphere containing oxygen. Examples of such a gas stream
include air, oxygen, nitrous oxide and other oxidizing gases.
The gas may be used after being mixed at an appropriate ratio
with a diluting gas such as nitrogen, helium, argon, and water
vapor. An optimal temperature for calcination varies
depending on the kind of the gas and the composition, however,
a too high temperature may cause agglomeration of rhenium oxide
and copper oxide. Accordingly, the calcination temperature is
typically 200 to 800°C, preferably at 400 to 600°C.

The catalyst can be used as powder, but it is usual to
shape desired structures such as spheres, pellets, cylinders,
rings, hollow cylinders, or stars. The catalyst can be shaped
by a known procedure such as extrusion, ramextrusion, tableting.
The calcination is normally performed after shaping desired
structures, but it can also be performed before shaping them.

Next, the following explains a reaction of an olefin with
oxygen in the presence of the catalyst as described above.

In the present invention, the olefin may have a linear
or branched structure and contains usually 2 to 10, preferably
2 to 8 carbon atoms. Examples of the olefin include preferably
ethylene, propylene, butene, pentene, hexene, heptene, octene,
and butadiene, more preferably ethylene, propylene and butene,
still more preferably propylene.

The reaction is generally performed in the gas phase. 1In

the reaction, the olefin and oxygen may be fed respectively in
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the form of a gas. Olefin and oxygen gases can be fed in the
form of their mixed gas. 0Olefin and oxygen gases may be fed
with diluent gases. Examples of diluent gases include nitrogen,
rare gases such as argon and helium, carbon dioxide, water vapor,
methane, ethane and propane. Preferable diluent gases are
nitrogen, carbon dioxide and the both thereof.

As the oxygen source, pure oxygen may be used, or a mixed
gas containing pure oxygen and a gas inactive to the reaction,
such as air, may be used. Examples of the gas inactive to the
reaction include nitrogen, rare gases such as argon and helium,
carbon dioxide, water wvapor, methane, ethane and propane.
Preferable gases inactive to the reaction are nitrogen, carbon
dioxide and the both thereof. The amount of oxygen used varies
depending on the reaction type, the catalyst, the reaction
temperature or the like. The amount of oxygen is typically 0.01
to 100 mol, and preferably 0.03 to 30 mol, more preferably 0.05
to 10 mol and especially preferably 0.25 to 10 mol, with respect

to 1 mol of olefin.

The reaction is performed at a temperature generally of
100 to 350°C, preferably of 120 to 330°C, more preferably of
170 to 310°C.

The present reaction is carried out under reaction
pressure in the range of reduced pressure to increased pressure.

By carrying out the reaction under such a reaction pressure
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condition, the productivity and selectivity of olefin oxides
can be improved. Reduced pressure means a pressure lower than
atmospheric pressure. Increased pressure means a pressure
higher than atmospheric pressure. The reaction pressure is
typically in the range of 0.01 to 3 MPa, and preferably in the

range of 0.02 to 2 MPa, in the absolute pressure.

The reaction of the present invention may be carried out
as a batch reaction or a continuous reaction, preferably as a
continuous reaction for industrial application. The reaction
of the present invention may be carried out by mixing an olefin
and oxygen and then contacting the mixture with the catalyst
under the reduced pressure to the increased pressure.

The reactor type is not limited. Examples of the reactor
types are fluid bed reactor, fixed bed reactor, moving bed
reactor, and the like, preferably fixed bed reactor. In the case
of using fixed bed reactor, single tube reactor or multi tube
reactor can be employed. More than one reactors can be used.
If the number of reactors is large, small reactors as for example
microreactors, can be used, which can have multiple channels.
Adiabatic type or heat exchange type may be also used.

In the present invention, the olefin oxide may have a
linear or branched structure and contains usually 2 to 10,
preferably 2 to 8 carbon atoms. Examples of the olefin oxides
include preferably ethylene oxide, propylene oxide, butene

oxide, pentene oxide, hexene oxide, heptene oxide, octene oxide,
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and 3,4-epoxy-l-butene, more preferably ethylene oxide,
propylene oxide and butene oxide, still more preferably
propylene oxide.

The olefin oxide as obtained can be collected by a method

known in the art such as separation by distillation.

Examples

In Example, data analysis was performed according to the
following method:

A reaction gas was mixed with ethane (10 Nml/min) as an
external standard, and then directly introduced in the TCD-GC
equipped with a column of Gaskuropack 54 (2 m). All products
in the reaction gas were collected for 1 hour with double
methanol traps connected 1in series and cooled with a
dry-ice/methanol bath. The two methanol solutions were mixed
together and added to anisole as an external standard, and then
analyzed with two FID-GCs equipped with different columns,
PoraBOND U (25 m) and PoraBOND Q (25 m).

The detected products were propylene oxide (PO), acetone
(AT), COx (CO, and CO), propanal (PalL), acrolein (AC).

The propylene conversion, product selectivity, and yield
(calculated as selectivity of product x propylene conversion)
of products were calculated on the basis of carbon balance.

Propylene conversions (Xpr) were determined from the

following:
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Xpr = {[ PO+ACH+AT+PaL +CO,/3]out/ [C3Hglin} x 100%;
and PO selectivities (Szp) were then calculated using the
following expression:

Spo = {[PO] / [PO+AC+AT+Pal +CO,/3]} x 100%

Fach metal weight was determined from the amounts of the

metal salts used for preparation of the catalyst.

Example 1

A catalyst was prepared by a co-impregnation method. A
predetermined weight (2.9 g) of amorphous silica powder (SiO,,
Japan Aerosil, 380 m’/g) was added to an aqueous solution mixture
containing 0.46 g of ReCls (Wako), 0.45 g of Cu(NO,), (Wako) and
0.15 g of NaCl (wako), followed by stirring the mixture for 24
hours in the air to impregnate the support with the metal salts.
The resulting material was then heated at 100°C until dried,
and calcined at 500°C for 12 hours in air to give the catalyst.

The catalyst was evaluated by using a fixed-bed reactor.
Filling a 1/2-inch OD reaction tube made of stainless steel with
1 mL of the thus obtained catalyst, the reaction tube was
supplied with 450 NmL/h of propylene, 200 NmL/h of the air, and
990 NmL/h of a nitrogen gas to carry out the reaction at the
reaction temperature of 200, 250 and 270 °C under the condition
of the increased pressure (equivalent to 0.3 MPa in the absolute
pressure) .

The result is shown in Table 1.
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Table 1
Example 1
Total metal loading (wt3) 12.5
Re/Cu/Na

4/2/1
(weight ratio of metal)
Reaction temperature (°C) 200 250 270
Propylene conversion (%) 0.2 0.4 0.3
Propylene oxide selectivity (%) 8 3 4

Example 2

The catalyst obtained in Example 1 (5.0 mg) was placed
in a well of a reactor as mentioned in Angew. Chem. Int. Ed.
38 (1999) 2794, equipped with array microreactors, wells along
each reactor channel and a passivated 200 micron ID capillary
sampling probe within the reactor channel. The mixture gas
consisting of 1 vol% propylene (CsHg), 4 vol% O, and 95 vol%
He was fed to the well containing the catalyst, at a gas hourly
space velocity (GHSV) of 20,000 h™, at a reactor temperature
of 250°C.

Gas sampling was accomplished by withdrawing reactor exit
gases using the passivated 200 micron ID capillary sampling
probe.

Data analysis for sample gases was conducted by an on-line
Micro-Gas Chromatograph (Varian, CP-4900) equipped with a

thermal conductivity detector (TCD), PoraPLOT U (10M) and
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Molecular sieve 13X (10M).

The detected products were propylene oxide (PO), acetone
(AT), acetaldehyde (AD), CO, (CO, and CQO), and propanal +
acrolein (PaL+AC).

The propylene conversion, product selectivity, and yield
(calculated as selectivity of product x propylene conversion)
of products were calculated on the basis of carbon balance.

Propylene conversions (Xpr) were determined from the
following:

Xpz = {[PO+ACH+AT+2AD/3+4+C02/31ou:/ [C3Hel:in} x 100%;
and PO selectivities (Spy) were then calculated using the
following expression:

Spo = {[PO] / [PO+AC+AT+2AD/3+C0,/3]1} x 100%

Note: PaL+AC are reported together since the two
compounds appear at the same retention time, although the Pal
is typically only found in trace amounts.

The result is shown in Table 2.

Table 2

Example 2
Reaction temperature (°C) 250
Propylene conversion (%) 0.5
Propylene oxide selectivity (%) 5
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CLAIMS

1. A process for producing an olefin oxide which
comprises reacting an olefin with oxygen in the presence of a
catalyst comprising (a) copper oxide, (b) rhenium oxide and (c)

alkaline metal component or alkaline earth metal component.

2. The process according to claim 1, wherein the

catalyst comprises (d) halogen component.

3. The process according to claim 1 or 2, wherein the

catalyst comprises (e) composite oxide.

4., The process according to claim 1, wherein (a) copper
oxide, (b) rhenium oxide and (c) alkaline metal component or
alkaline earth metal component are supported on a porous

support.

5. The process according to claim 2, wherein (a) copper
oxide, (b) rhenium oxide, (c) alkaline metal component or
alkaline earth metal component and (d) halogen component are

supported on a porous support.

6. The process according to claim 4 or 5, wherein the
porous support comprises Al,0s3, Si0O,, TiO, or ZrO0,.
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7. The process according to claim 4 or 5, wherein the

porous support comprises SiOs.

8. The process according to claim 1 or 2, wherein the
total amount of (a) copper oxide, (b) rhenium oxide and (c)
alkaline metal component or alkaline earth metal component is

0.01 to 80% by weight of the amount of the catalyst.

9. The process according to claim 1 or 2, wherein the
copper/rhenium metal molar ratio in the catalyst is 1/99 to

99/1.

10. The process according to claim 1 or 2, wherein the
copper/ (c) component metal molar ratio in the catalyst is 1/99

to 99/1.

11. The process according to claim 1 or 2, wherein (a)

copper oxide is CuO.

12. The process according to claim 1 or 2, wherein (b)

rhenium oxide i1s ReO; or ReOs.

13. The process according to claim 1 or 2, wherein (c)

alkaline metal component or alkaline earth metal component is
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an alkaline metal-containing compound or an alkaline earth

metal-containing compound.

14. The process according to claim 1 or 2, wherein the
(c) alkaline metal component or alkaline earth metal component

is a sodium-containing compound.

15. The process according to claim 4, wherein the
catalyst is obtained by impregnating a porous support with a
solution containing a copper ion, a rhenium ion and an alkaline
metal or alkaline earth metal ion to prepare a composition,

followed by calcining the composition.

16. The process according to claim 5, wherein the
catalyst is obtained by impregnating a porous support with a
solution containing a copper ion, a rhenium ion, an alkaline
metal or alkaline earth metal ion and a halogen ion to prepare

a composition, followed by calcining the composition.

17. The process according to claim 1 or 2, wherein the

olefin is propylene and the olefin oxide is propylene oxide.

18. The process according to claim 1 or 2, which
comprises reacting an olefin with oxygen at a temperature of
100 to 350°C.
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19. A catalyst for production of an olefin oxide which
comprises (a) copper oxide, (b) rhenium oxide and (c¢) alkaline

metal component or alkaline earth metal component.

20. The catalyst according to claim 19 which comprises

(d) halogen component.

21. The catalyst according to claim 19 or 20 which

comprises (e) composite oxide.

22. The catalyst according to claim 19, wherein (a)
copper oxide, (b) rheniumoxide and (c) alkaline metal component
or alkaline earth metal component are supported on a porous

support.

23. The catalyst according to claim 20, wherein (a)
copper oxide, (b) rhenium oxide, (c) alkaline metal component
or alkaline earth metal component and (d) halogen component are

supported on a porous support.

24. The catalyst according toclaim?22, which is obtained
by impregnating a porous support with a solution containing a
copper ion, a rhenium ion and an alkaline metal or alkaline earth
metal ion to prepare a composition, followed by calcining the
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composition.

25. The catalyst according toclaim23, which is obtained
by impregnating a porous support with a solution containing a
copper ion, a rhenium ion, an alkaline metal or alkaline earth
metal ion and a halogen ion to prepare a composition, followed

by calcining the composition.

26. The catalyst according to claim 19 or 20, wherein
(c) alkaline metal component or alkaline earth metal component
is an alkaline metal-containing compound or an alkaline earth

metal-containing compound.

27. The catalyst according to claim 22 or 23, wherein

the porous support comprises Al,03, Si0;, TiO, or ZrO,.

28. The catalyst according to claim 22 or 23, wherein

the porous support comprises SiO,.

29. The catalyst according to claim 19 or 20, wherein

the olefin oxide is propylene oxide.

30. Use of acatalyst for producing an olefin oxide, said
catalyst comprising (a) copper oxide, (b) rhenium oxide and (c)

alkaline metal component or alkaline earth metal component.
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31. The use of a catalyst according to claim 30, wherein

the olefin oxide is propylene oxide.
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