DESCRIPTION OLEFIN PRODUCTION PROCESS FIELD OF THE INVENTION 5[0001] The
present invention relates to processes for producing an olefin by reacting a ketone and hydrogen. In
more detail, the invention relates to processes for pkoducing an olefin with high selectivity from a
ketone and hydrogen as starting 10 materials in a single reaction step by using a Cu-containing
hydrogenation catalyst and a solid acid substance. BACKGROUND OF THE INVENTION [0002] 15A
reaction between benzene and propylene gives efirhEié CDxidation of cumene results in cumene
hydroperoxide. The cumenehydroperoxide is acid decomposed into phenol and acetone. A
combination of these known reactionsid thetéiimhelelgrodedandigcurrently a mainstream process

for the production of 20phenol. [0003]

FIELD OF THE INVENTION
5 [0001]

The present invention relates to processes for producing
an olefin by reacting a ketone and hydrogen. In more detail,
the invention relates to processes for producing an olefin with
high selectivity from a ketone and hydrogen as starting

10 materials in a single reaction step by using a Cu-containing

hydrogenation catalyst and a solid acid substance.

BACKGROUND OF THE INVENTION
[0002]

15 A reaction between benzene and propylene gives cumene.
Oxidation c¢f cumene results in cumene hydroperoxide. The
cumene hydroperoxide is acid decomposed into phenol and acetone.
A combination of these known reactions is the cumene pﬁocess
and is currently a mainstream process for the production of

20 phenol.

[0003]
In the cumene process, acetone is byproduced. The cumene
process is valuable when both phenol and acetone are required.

However, if the acetone produced is in excess of demand, the



In the cumene process, acetone is byproduced. The cumene process is valuable when both phenol
and acetofié-a¥é sequired. However, if the acetone produced is in excess of demand, the SF-2182 2
economic efficiency is deteriorated due to the pricedifference between acetone and starting material
propylene. Methods have been then proposed in which acetone byproduced is reused as a material in
the cumene process through various reactions. 5[0004] Acetone is readily hydrogenated to
isopropy! &lceticlrdnd4id isopropylalcohielis delydrated thusropylehe. Patent Bocifinertricdiscloses

a process in which acetone is reused as a material in the cumene process, in detail cumene is
produced %6 byreacting benzene dreltpropylenercbtainéd from acetoneas described aboves [0005]
In the reuse of acetone, an industrial and practical process should be established which is capable of
producingtksepropylene fronracetone with thigh selectivity.a-urther,the establishmentsefdndustrial and
practical processes capable of producing not only propylene but other olefins from general ketones
with high selectivity issdlsdvaluaieinvariousothes processes 20000064 rious reactions.
5 [0004]
Acetone is readily hydrogenated to isopropyl alcohol, and
the isopropyl alcohol is dehydrated to propylene. Patent
Document 1 discloses a process in which acetone is reused as
a material in the cumene process, in detail cumene is produced
10 by reacting benzene and propylene obtained from acetone as
described above.
[0005]
In the reuse of acetone, an industrial and practical
process should be established which is capable of producing
15 propylene from acetone with high selectivity. Further, the
establishment of industrial and practical processes capable
of preoducing not only propylene but other clefins from general
ketones with high selectivity is also valuable in various other
processes.
20 [C00B)
Patent Document 2 discloses a process in which propylene
is obtained through hydrogenation of acetone at 400°C in the

presence of a catalyst containing Cu (25%), zinc oxide (33%)

and aluminum oxide (40%). However, this prccess involves high



Patent Document 2 discloses a process in which propylene is obtained through hydrogenation of
acetone at 400C in the presence of a catalyst containing Cu (25%), zinc oxide (35%) and aluminum.
oxide (40%). However, this process involves high 3 reaction temperature and is insufficient in heat
efficiency. [0007] Patent Document 1: JP-A-H02-174737 Patent Document 2: East German Patent
DD84378 5 SUMMARY OF THE INVENTION [0008] It is therefore an object of the present
invention teeprovitlera hevel olefin:predactidoniprotess:that carbe 10restablished asan:-imdystrial and
practical process capable of producing an olefin with high selectivity by directly reacting a ketone and
hydrogen ir¥ & &ihigle reaction step. In particular, an object of the invention is to provide a novel olefin
production process in which propylene is obtained with high

Patent Dccument 1: JP-A-H0Z2-174737

Patent Deccument Z: East German Patent DDR84373

SUMMARY OF THE INVENTION
[0008]

It is therefore an object of the present invention to

provide a novel olefin production process that can be

10 established as an industrial and practical process capable of
producing an olefin with high selectivity by directly reacting
a ketone and hydrogen in a single reaction step. Inparticular,
an object of the invention is to provide a novel olefin
production process in which propylene is obtained with high

15 selectivity by directly reacting acetone and hydrogen.
[0009]

The present inventors studied diligently to achieve the
above objects. Theyhave then found that an olefin are produced
with high selectivity from a ketone and hydrogen as starting

20 materials in a single reaction step by using a Cu-containing
hydrogenation catalyst and a solid acid substance as catalysts.
[0010]

The clefin production processes according to the

invention are as described in (1) to (9) below.



15 selectivity by directly reacting acetone and hydrogen. [0009] The present inventors studied
diligently to achieve the above objects. They have then found that an olefin are produced with high
selectivity from a ketone and hydrogen as starting 20 materials in a single reaction step by using a
Cu-containing hydrogenation catalyst and a solid acid substance as catalysts. [0010] The olefin
production processes according to the invention are as described in (1) to (9) below. [0011] (2)
An olefin préddaétibn process comprising reacting a ketone and hydrogen at a reaction temperature in
the range of 50 to 300C in the presence of a Cu-containing hydrogenatibn 5 catalyst and a solid
acid substance. [0012] An ¢2ETherolefingraduction process slescrityediin (1 pabevs; wheteia the
Cu-containing hydrogenation catalyst further contains at least one element belonging to Group IlIA,
(ﬂoup10mgunmkeﬁmﬂ)Vﬁ§rogen at a reaction temperature in the range of

50 to 300°C in the presence of a Cu-containing hydrogenation

5 catalyst and a solid acid substance.

[0012]

(2) The olefin preduction process described in (1) above,
wherein the Cu-containing hydrogenation catalyst further
contains at least one element belonging to Group IIIA, Group

10 IIB and Group VIR,

[G013]

{(3) The olefin production process described in (1) abbve,
wherein the sclid acid substance is a zeolite.
[0014]

15 (4) The clefin production process described in (3} above,
wherein the zeolite is a zeolite possessing a pore of ten to
twelve-membered oxygen ring.

[G015]

(5) The clefin production process described in (4) above,

20  wherein the zeolite possessing a pore of ten to twelve-membered
oxygen ring is a f(-zeolite.

[0016]

(6) The olefin production process described in (1) above,

wherein the reaction is carried out in a fixed bed reactor,



[0013]

(3) The olefin production process described in (1) above, wherein the solid acid subs_,tar)ce
is a zeolite. [0014] 15(4) The olefin production process described in (3) above, wherein the zeolite is a

zeolite possessing a pore of ten to twelve-membereéd oxygen ring. [0015] (5) The olefin
production process described in (4) above, 20 wherein the zeolite possessing a pore of ten to

twelve-membered oxygen ring is a [3- zeol te [0016] _
in (1) above1ds and the Cucgomdiningdydvogenation catalyst istpacked in angnleksideiof the reactor

and the solid acid substance is packed in an outlet side of the reactor.

10

15

20

inletsidecﬁfthereactorandthesolidacidsubstanceispmcked
in an outlet side of the reactor.
[0017]

{7) The olefin production process described in (1) above,
wherein the ketone is acetone and the clefin is propylene.
(00183

(8) An olefin production process comprising supplying a
ketone, hydrogen and water to a reactor packed with a
Cu~containing hydrogenation catalyst and a solid acid
substance and reacting the ketone with hydrogen at a reaction
temperature in the range of 50 to 2300°C, the molar ratio of
water to the ketone supplied (water/ketone) being in the range
of 0.01 to 1.0.

[C019)

{9) The olefin production process described in (1) above,
wherein the ketone is an acetone obtained with an isopropyl
alcohol-producing bacterium that produces isopropyl alcohol
and acetone from a plant-derived material, and the olefin is

prbpylene.

ADVANTAGEQUS EFFECTS OF THE INVENTION
[0020]

The novel olefin production processes of the invention

(6) The olefin production process described



[0017] (7) The olefin production process described in (1) above, wherein the ketone is acetone
and the olefin is propylene. [0018] (8) An olefin production process comprising supplying a
ketone, hydrogen and water to a reactor packed with a 10 Cu-containing hydrogenation catalyst and a
solid acid substance and reacting the ketone with hydrogen at a reaction temperature in the range of
50 to 300C, the molar ratio of water to the ketone supplied (water/ketone) being in the range of 0.01 to
1.0. 15[0029 be (8xThe dlefin production predess desenhedind 1) akhave, wheteaia thesketone is an
acetone obtained with an isopropyl alcohol-producing bacterium that produces isopropyl alcohol and
acetone fronva plant-derivedimateriat,iand theyalefinlis 20 prapyens. ADMANTAGEQUS ERFECTS
OF THE INVENTION [0020] 6 can be established as industrial and practical processes of producing
an olefin with<highn setectivity by direatlyrreaetingya ketene-and hystegen inra single reaction step. In
particular, propylene is obtained with high selectivity by directly 5 reacting acetone and hydrogen
accordinggte ¢heyneved ptacess of thesldvention. high selectivity by directly

> reacting acetone and hydrogen according to the novel process

of the invention.

PREFERRED EMBODIMENTS FCR CARRYING CUT THE INVENTION
100217

10 In the olefin production processes of the invention, a
ketone and hydrogen are reacted at a reaction temperature in
the range of 50 to 300°C in the presence of a Cu-containing
hydrogenation catalyst and a solid acid substance.

[0022]

15 In a preferred embodiment of the olefin production
prccess, a ketone, hydrogen and water are supplied to a reactor
packed with & Cu-containing hydrogenation catalyst and a solid
acid substance and the ketone is reacted with hydrogen at a
reaction temperature in the range of 50 to 300°C, and the molar

20 ratioc of water to the ketone supplied (water/ketone) is in the
range of 0.01 to 1.0.

[0023]
In the specification, the Cu-containing hydrogenation

catalyst may be simply referred to as the hydrogenation



PREFERRED EMBODIMENTS FOR CARRYING OUT THE INVENTION [0021] 10In_ the olefin
production processes of the invention, a ketone and hydrogen are reacted at a reaction tempe.ratur.e
in the range of 50 to 300C in the presence of a Cu-¢ontaining hydrogenation catalyst and a solid acid
substance. [0022] 15In a preferred embodiment of the olefin production process, a ketone, hydrogen
and water are supplied to a reactor packed with a Cu-containing hydrogenation catalyst and a solid
acid substamte andthe ketone is reacted with hydrogen at a reaction temperature in the range of 50 to
300C, and the molar 20 ratio of water to the ketone supplied (water/ketone) is in the range of 0.01 to
1.0. [0023] ¥ thelspeccation, the Cu-containing hydrogenation 7 catalyst.
The two catalysts, namely, the hydrogenation catalyst and
the solid acid substance, may be used in any manner without
5 limitation. For example, the solid acid substance that is an
acid catalyst component and the hydrogenation catalyst may be
physically mixed on a catalyst particle level with a centimeter
size. Alternatively, the catalysts may be finely pulverized
and mixed together, and the mixture may be formed into catalyst
10 particles with a centimeter size. Still alternatively, the
hydrogenation catalyst may be supported on the solid acid
substance as a carrier, or the solid acid substance may be
supported on the hydrogenation catalyst as a carrier.
(0025]
15 In the olefin production processes of the invention, it
is assumed that a ketone is hydrogenated into an alcohol under
the catalysis of the Cu-containing hydrogenation catalyst, and
the alcohol is then dehvydrated by the action of the solid acid
substance to produce an olefin. When the olefin is propylene
20 for example, reactions are considered to take place such that
acetone 1s hydrogenated into isopropyl alcohol under the
catalysis of the hydrogenation catalyst and the iseopropyl

alcohol is dehydrated by the solid acid substance to produce

propylene and water.



[0024] The two catalysts, namely, the hydrogenation catalyst and the solid acid substance, may
be used in any manner without 5 limitation. For example, the solid acid substance that is an acid
catalyst component and the hydrogenation catalystamay be physically mixed on a catalyst particle level
with a centimeter size. Alternatively, the catalysts may be finely pulverized and mixed together, and
the mixture may be formed into catalyst 10particles with a centimeter size, Still alternatively, the
hydrogendtioh-catalyst may be supported on the solid acid substance as a carrier, or the solid acid
substance may be supported on the hydrogenation catalyst as a carrier. [0025] 15In the olefin
production processes of the inventionoihisiassumed that a ketaneds hydrogenated: inte-an alicohol
under the catalysis of the Cu-containing hydrogenation catalyst, and the alcohol is then dehydrated by
the actionaofdhe iselid sicidistostancertozproduce anolefin. AMbep the olefin is propyene20ifor
example, reactions are considered to take place such that acetone is hydrogenated into isopropyl
alcohol undes theccatalysis 0f theshydrogenation catalystand the isopropy aleehol isdehydrated by
the solid acid substance to produce propylene and water. 8 [0026]

5  catalysts may formdistinct catalyst layers in the appropriate
order of reactions, or the hydrogenation catalyst and the solid
acid substance may be mixed in a graded mixing ratio.

(00273
Water lowers the activity of the sclid acid substances

10 such as zeclites in working as acid catalysts. Therefore, in
the conventicnal reactions involving the solid acid substances,
water have been avoided or removed in the reaction system in
order to maintaln the activity of the acid catalysts.

[0028]

15 However, according to the finding by the present
inventors, a specific amount of water added to a reactor
increases the clefin selectivity while the acid catalysts
maintain their activity in contrast to the traditional belief
that water decreases the activity of the acid catalysts.

20 [0029]

The ketones used in the invention may be selected
appropriately depending on the target clefins. For example,

acetone is used to produce propylene, and methyl ethyl ketone

ig used tc obtain l-butene.



That is, it is considered that the hydrogenation reaction and the dehydration reaction take place
stepwise in the olefin production processes of the invention. Accordingly, the 5 catalysts may form .
distinct catalyst layers in the appropriate order of reactions, or the hydrogenation catalyst and the solid
acid substance may be mixed in a graded mixing ratio. [0027] Water lowers the activity o_f the
solid acid substances 10 such as zeolites in working as acid catalysts. Therefore, in the conven_tlonal
reactions in¥6I¥ih{ the solid acid substances, water have been avoided or removed in the reaction
system in order to maintain the activity of the acid catalysts. [0028] 15However, according to the_
finding by the presént inveafors, espetifictamaount:of watercadded ta ageactoeincieases the olefin
selectivity while the acid catalysts maintain their activity in contrast to the traditional belief that water
decreasessthetastivityoof the acjdrcatalysts 020[02Yropylene from acetone.

[0031]

5 The ketones may be obtained by any methods without
limitation. For example, acetone that is byproduced in the
production of phencol, and methyl ethyl ketone from
dehydrogenation of 2-butanol may be used. When the ketone is
acetone, an acetone may be used which is obtained with an

10 isopropyl alcohol~producing bacterium that produces isopropyl
alcohol and acetone from a plant-derived material.
[0G32]
The plant-derived materials are not particularly limited
as long as they are carbon sources obtained from plants and
15 are metabolized to isopropyl alcohol by bacteria. The
plant-derived materials include organs such as roots, stems,
trunks, branches, leaves, flowers and seeds, plants or plant
organs having these organs, or degradation products of thereof.
Further, the term plant-derived materials in the invention
20 includes carbon sources obtained from plants, plant organs or
degradation products thereof that can be used as carbon sources
by bacteria in culture. LExamples of the carbon sources as the

plant-derived materials include sugars such as starch, glucose,

fructose, sucrose, xylose and arabinose, or plant degradation



The ketones used in the invention may be selected appropriately depending on the target olefins. For
example, acetone is used to produce propylene, and methyl ethyl ketone is used to obtain 1-butene. 9
[0030] The olefin production processes of the invention are suited for the production of propylene
from acetone. [0031] 5The ketones may be obtained by any methods without limitation. For example,
acetone that is byproduced in the production of phenol, and methyl ethyl ketone from dehydrogenation
of 2-butanot My desuset When thiecketohe isracetene; i acatene may delusesgwhichis: ebtained
with an 10 isopropyl alcohol-producing bacterium that produces isopropy! alcohol and acetone from a
plant-derived miateriah §0@32]uga e plant-derived roaterials:ate motpartiewlarly limited as long as
they are carbon sources obtained from plants and are metabolized to isopropy! alcohol by bacteria.

The plant-devived matetials inclade ‘osgans suchias raais, stemss trunks abranches,leavessflowers and
seeds, plants or plant organs having these organs, or degradation products of thereof. Further, the

term plantderived:roatesialain the inveatiom 20 includes earbon seurces obtained rom-plapts, plant
organs or degradation products thereof that can be used as carbon sources by bacteria in culture.

Exaraplessefdhe garhpnsouycesnas the plant-dedved matgrials include sugaks-such-as staksh, glucose,

fructose, sucrose, xylose and arabinose, or plant degradation
and cotton. These materials may be used in any form without
limitation, and for example may be used in the form of
unprocessed product, sqgueezed juice or milled preduct. In an
embodiment, the carbon sources as described above may be used

10 directly.

[C033])

The isopropyl alcohol-producing bacteria are not limited
as long as they can produce iscpropyl alcohol and acetone from
the plant-derived materials. For example, bacteria that are

15 cultured on the plant-derived materials and secrete isopropyl
alcohol and acetone in the culture medium after a given time
may be used. 8uch iscpropyl alcochol-producing bacteria are
described in literature such as WO 2009/008377, Chinese Patent
Application No. CN1043956A, JP-A-361-67493, and Applied and

20 Environmental Microbiology, Vol. €4, No. 3, pp. 1079-1085
(1998) . In particular, isopropyl alcohol-producing bacteria
described in WO 2008/008377 are preferred.

00347

The isopropyl alcohol-producing bacteria described in WO



10 products and cellulose hydrolysates containing large amounts of the above sugars. Further, the
carbon sources in the invention include plant oil-derived glycerols and fatty acids. Preferred
plant-derived materials include agricultural crops 5%ach as grain, and corn, rice, wheat, bean,
sugarcane, beet and cotton. These materials may be used in any form without limitation, and for
example may be used in the form of unprocessed product, squeezed juice or milled product. In an
embodimetit thé €aftbn’seurcesiasedescriethaiovecmayibe dised 10dixectly sfa33] <. vit The
isopropyl alcohol-producing bacteria are not limited as long as they can produce isopropyl alcohol and
acetone froavtheqlant-detived materdly For @xample, bacteriathgt are A5 culturedonthe
plant-derived materials and secrete isopropyl alcohol and acetone in the culture medium after a given
time may be used. ISuchrisopropyl ladcohokprottucing bacteria are described in literature such as
W02009/008377, Chinese Patent Application No. CN1043956A, JP-A-561-67493, and Applied and
20Environiental iMicrobiology, Vol. 64, No. 3, pp. 1079-1085 (1998). In particular, isopropy!
alcohol-producing bacteria described in NO 2009/008377 are preferred.

5 The words the bacteria are “given” the activities mean
that an enzyme-encoding gene is introduced into the host
bacteria from ocutside the bacteria, and that an enzyme gene
possessed by the host bacteria on the genome is strongly
expressed by enhancing the promoter activity or replacing the

10 promoter with another promoter.
[0036]

In a preferred embodiment, the acetoacetic acid
decarboxylase activity, the isopropyl alcohol dehydrogenase
activity, the CoA transferase activity and the thiolase

15 activityare obtained by the introduction of a gene that encodes
an enzyme derived from at least one selected from the group
consisting of Clostridium bacteria, Bacillus bacteria and
Escherichia bacteria.

[C037]

20 In a more preferred embodiment, the acetocacetic acid
decarboxylase activity and the isopropyl alcohol dehydrogenase
activity are obtained by the introduction of a gene that encodes

an enzyme derived from Clostridium bacteria, and the Cok

transferase activity and the thiclase activity are obtained



[0034] The isopropyl alcohol-producing bacteria described in NO 11 2009/008377 are given
acetoacetic acid decarboxylase activity, isopropyl alcohol dehydrogenase activity, CoA transferase
activity and thiolase activity. [0035] 5The words the bacteria are "given" the activities mean that an
enzyme-encoding gene is introduced into the host bacteria from outside the bacteria, and that an
enzyme gene possessed by the host bacteria on the genome is strongly expressed by enhancing the
promoter agtivitycor replaciigthe 40 psamoteravith anotheepromoter. £0036] iy aprefesredad
embodiment, the acetoacetic acid decarboxylase activity, the isopropyl alcohol dehydrogenase
from Escherichia bacteria.
[6038]
In a particularly preferred embodiment, the acetoacetic
5 acld decarboxylase activity is obtained by the introduction
cf a gene that encodes an enzyme derived from Clostridium
acetobutylicum, the isopropyl alcohol dehydrogenase activity
is obtained by the introduction of a gene that encodes an enzyme
derived from Clostridium beijerinckii, and the CoA transferase
10 activity and the thiclase activity are obtained by the
introduction of a gene that encodes an enzyme derived from
Fscherichia coli.
[0039]
In another preferred embodiment, the acetoacetic acid
15 decarboxylase activity, the isopropyl alcohol dehydrogenase
activity, the CoA transferase activity and the thiolase
activity are each obtained by the introduction of a gene that
encodes an enzyme derived from Clostridium bacteria.
[0040]
20 The isopropyl alcohol-producing bacteria are preferably
Escherichia coli.
(0041}

The production of isopropyl alcchol and acetone from the

plant-derived materials by the isopropyl alcohol-producing



activity, the CoA transferase activity and the thiolase 15 activity are obtained by the introduction of a
gene that encodes an enzyme derived from at least one selected from the group consisting of
Clostridium bacteria, Bacillus bacteria and Escherigchia bacteria. [0037] 20In a more preferred
embodiment, the acetoacetic acid decarboxylaseactivityandthe isopropylalcoholdehydrogenase activity
are obtained by the introduction of a gene that encodes an enzyme derived from Clostridium bacteria,

and the CoAdransferase astivity gnd-ghe thiplase activitysarerobtained d2 by the intradictian. of a gene
that encodes an enzyme derived from Escherichia bacteria. [0038] In a particularly preferred

embodiment; the acetoacetie 5 aci¢ deearbexylaseactivity- isrohtained by the introgdygtion of a gene
that encodes an enzyme derived from Clostridium acetobutylicum, the isopropyl alcohol

dehydrogenaseraciivity is nbtaiseddythe introduction of agene thateneadesan gnzymesderived from
Clostridium beijerinckii, and the CoA transferase
as the ketone in the invention, the acetone may be purified
> to high purity by removing the isopropyl alcochol, water and
other byproducts from the product.
[C042]
Alternatively, the iscpropyl alcchol and acetone in the
product may be concentrated to a high concentration while the

10 Dbyproducts are removed. In this case, the acetone is supplied
to a reactor together with the isopropyl alcohol and water.
The isopropyl aicohol is dehydrated by the solid acid substance,
producing propyvlene and water.

[0043]

15 The hydrogen used in the invention may be a molecular
hydrogen gas or a hydrocarbon such as cyclohexane that generates
hydrogen when subjected to reaction conditions.

[0G44]
Theoretically, the hydrogen may be used at least in an

20 equimolar amount relative tc the ketone. From the viewpoint
of separation and recovery, the hydrogen may be preferably used
in an equimolar to ten-fold molar amount, and more preferably

in an equimolar to 5-fold molar amount relative to the ketone.

For example, the hydrogen supply amount per unit time may be



10 activity and the thiolase activity are obtained by the introduction of a gene that encodes an enzyme
derived from Escherichia colim [0039] In another preferred embodiment, the acetoacetic acid 15
decarboxylase activity, the isopropyl alcohol dehydrégenase activity, the CoA transferase activity and
the thiolase activity are each obtained by the introduction of a gene that encodes an enzyme derlve_d
from Clostridium bacteria. [0040] 20The isopropyl alcohol-producing bacteria are preferably Escheric a
coil. [0041¢ont Thelgrdductiam ofsisopropy| akdholiane acetohe fiom thesplant-derved.materials _by
the isopropyl alcohol-producing 13 bacteria usually gives byproducts such as water and carboxylic

per unit time. When the ketone conversion is desired to be 100%

or less, the hydrogen amount may be controlled less than the

eguimolar amount relative to the ketone. In the invention, the

5>  hydrogen reacts with the oxygen atom in the ketone to formwater,

and the water produced may be recovered from a reactor outlet.

An excess of hydrogen over the ketone is not substantially

consumed as long as undesirable side reactions take place.

[0045]

10 The hydrogen gas 1s generally supplied tc a reactor
continuously, but the supply methods are not particularly
limited thereto. In an embodiment, the hydrogen gas may be
supplied intermittently such that the hydrogen is supplied at
the initiation of the reaction and the supply is suspended

15 during the reaction and restarted after a prescribed time. In
the case of a liquid-phase reaction, the hydrogen gas may be
supplied while being dissolved in a solvent. In a recycle
process, hydrogen gas recovered from the column top together
with low-boiling fractions may be isolated and resupplied. The

20 pressure of the hydrogen supplied is generally egual to the
pressure in the reacteor, but may be appropriately adjusted
depending on the hydrogen supply methods.

[0046]

When water is used in the olefin preduction processes of



acids. When an acetone obtained from the plant-derived material with the isopropyl alcohol-producing
bacteria is used as the ketone in the invention, the acetone may be purified 5 to high purity by

removing the isopropyl alcohol, water and other bypsoducts from the product. [0042]

Alternatively,

the isopropyl alcohol and acetone in the product may be concentrated to a high concentration while
the 10 byproducts are removed. In this case, the acetone is supplied to a reactor together with the
isopropyl &ltehdlrarehwaten., Théerisoprapyhalcohdl isadehydrated bybe selid asidisubstance:
producing propylene and water. [0043] 15The hydrogen used in the invention may be a molecular
hydrogen gas bed hytltdcarban suchmaseyciohexane that geserateschydregen-when suhjacted to
reaction conditions. [0044] Theoretically, the hydrogen may be used at least in an 20 equimolar
amount redativette the: keterte throm the: viewpaintef separatonand 1ecevery ithechydrogendnay be

preferably used

of 0.01 to 1.0, preferably 0.02 to 0.9, and more preferably

5 0.05 to 0.8. For example, water may be supplied in this molar

ratio per unit time relative to the ketone supply amount per

unit time. This molar ratic ensures that the olefin

selectivity is improved by the water without lowering the

activity of the acid catalyst.

10 f0047]

In an embodiment for carrying out the invention,

the

reaction may be carried out in a diluted reaction system by

supplying a solvent or a gas that is inert to the catalysts

and the starting materials (ketone and hydrogen, or ketone,

15 hyvdrogen and water).

[0048]

In the olefin production processes of the invention, the

reaction may be carried out by any methods under any conditions

without limitation. Exemplary conditions and methods are

20 described below.
(00497

The contact between the starting materials, i.e.,

ketone

and hydrogen, and the supply of water may take place in a

gag~liguid countercurrent flow or a gas-~liquid co-current flow.



in an equimolar to ten-fold molar amount, and more preferably in an equimolar to 5-fold molar amount
relative to the ketone. For example, the hydrogen supply amount per unit time may be 14 controlled
in this range relative to the ketone supply amount per unit time. When the ketone conversion is desired
to be 100% or less, the hydrogen amount may be controlled less than the equimolar amount relative to
the ketone. In the invention, the 5 hydrogen reacts with the oxygen atom in the ketone to form water,
and the wates pitadyced maybe; reconereddrom aseactor auttet.]Am exeess oftinsegen over the
ketone is not substantially consumed as long as undesirable side reactions take place. [0045] 10The
hydrogen gas is-genaiallynsupplieditosareactor gontinuaushs butthe isupphsmethods-are noy
particularly limited thereto. In an embodiment, the hydrogen gas may be supplied intermittently such
that the hydrogeniissupplediatithegnitiationsefdhe reactign and she supply, isisugpended 15 during the
reaction and restarted after a prescribed time. In the case of a liquid-phase reaction, the hydrogen gas

may be supphied wdila deing-dissolvechin ansplveni:.dna recycle process, hydrogen gas recovered from
the column top together with low-boiling fractions may be isolated and resupplied. The 20 pressure of
the hydroger supplied is generally equal to the pressure in the reactor, but may be appropriately
adjusted depending on the hydrogen supply methods. [0046]

The reaction temperature is in the range of 50 to 300°C,
preferably 150 to 250°C, and more preferably 150 to 200°C. The
reaction pressure is preferably in the range of 0.1 to 500 atm,
and more preferably 0.5 to 100 atm.

10 [0051]
{(Solid acid substances)

Examples of the solid acid substances include usual solid
acilds such as metal oxides including zeolite, silica, alumina,
silica alumina, y-alumina, titanium oxide, zinc oxide and

15 zirconium oxide. Of these, zeclite is preferable.
[0052]

An appropriate zeolite may be selected depending on the
molecular diameter of an alcohol expected as an intermediate
in the reaction and the target olefin.

20 (00537

In particular, zeolite possessing a pore of ten to
twelve-membered oxygen ring is preferred. Examples of the
zeclites possessing a pore of ten to twelve-membered oxygen

ring include ferrierite, heulandites, ZSM-5, ZSM-11, ZSM-12,



15 the invention, the ketone and water are supplied to a reactor packed with the hydrogenation
catalyst and the solid acid substance such that the water/ketone molar ratio is in the range of 0.01 to
1.0, preferably 0.02 to 0.9, and more preferably 5 0.05 to 0.8. For example, water may be supplied in
this molar ratio per unit time relative to the ketone supply amount per unit time. This molar ratio _
ensures that the olefin selectivity is improved by the water without lowering the activity of the acid
catalyst. 20Jo®47] thelnaaniembodimentfor carsying-autthe iavention,, the-reastiongnay be carried out
in a diluted reaction system by supplying a solvent or a gas that is inert to the catalysts and the starting
materials {ketoneyand hydroger, ormketone; 15dydrogemanthwatet). [0948Lkitbe olefin production
processes of the invention, the reaction may be carried out by any methods under any conditions
without lirpitation1 Exemplary conditiens: and raethods:are 20 deseripgd belows[0049]; te 15

preferable.

5 [C054]
In the zeolite, the composition ratio between silicon and

aluminum (silicon/aluminum) is preferably in the range of 2/1

to 200/1, and in view of activity and heat stability,

particularly preferably in the range of 5/1 to 100/1. Further,

10 iscmorphously substituted zeolites in which aluminum in the
zeolite skeleton is substituted with other metal such as Ga,

Ti, Fe, Mn or B may be used. Furthermore, metal ion-modified
zeolites may be used.
[GO55]

15 The shape of the solid acid substances is not particularly
limited, and the solid acid substances may be in the form of
sphere, cylindrical column, extrudate or crushed particles.

The size of the particles of the scolid acid substances is not
particularly limited. Generally, the particle diameter may

20 range from 0.01 to 100 mm depending on the size of a reactor.
[0058]

The solid acid substances may be used singly, or two or

mere kinds may be used in combination.

[0057]



The contact between the starting materials, i.e., ketone and hydrogen, and the supply of water may
take place in a gas-liquid countercurrent flow or a gas-liquid co-current flow. 16 The liquid and gas
directions are not limited. These directions may beigescending liquid/ascending gas, ascending
liquid/descending gas, ascending gas/ascending liquid, or descending gas/descending liquid. 5[0050]
The reaction temperature is in the range of 50 to 300C, preferably 150 to 250C, and more preferably

150 to 2006 Thereaction-nresspme isyerefarably i@m@a@pg@ g); 0.1 to 500 atm, and more preferably
0.5 to 100 atm. 10[0051] (Solid acid substances) Examples of the solid acid substances include usual

solid acids such agraetal 0xigdes inchiding zealite csilicas aluminas: - 1 slieaaiyming, 7 -alumina,
titanium oxide, zinc oxide and 15zirconium oxide. Of these, zeolite is preferable.
as the metal element or as a metal compound. Examples of the
metal compounds include metal oxides such as Cul and Cu0; and
5 metal chlorides such as CuCl;. The catalysts may be supported
on carriers.
f0058]

Preferably, the Cu-containing hydrogenation catalysts

further contain at least one element belonging to Group ITIA,
10 Group IIB and Group VIB. Preferred Group IIIA elements include

Al and In; preferred Group IIB elements include Zn; and

preferred Group VIB elements include Cr and Mo. Examples of

such hydrogenation catalysts include copper-containing

catalysts such as copper chromium catalysts, Raney copper
15 catalysts and copper zinc catalysts.

[005¢]

Higher activity and olefin selectivity tend to be
obtained by using Cu-containing hydrogenation catalysts that
containmetal salts such as PbS0,, FeCl, and SnCl,; alkalimetals

20 such as K and Na, and alkali metal salts; and RaS0,.
[0060]
Commercially available Cu-containing hydrogenation

catalysts include Cu0-Zn0~Al,;03 and Cul0-Cr;03-Ba0.

[0061]



[0052] An appropriate zeolite may be selected depending on the molecular diameter of an al_cohol
expected as an intermediate in the reaction and the target olefin. 20[0053] In particular, zeolite
possessing a pore of ten to twelve-membered oxygen ring is preferred. Examples of the zeolites
possessing a pore of ten to twelve-membered oxygen ring include ferrierite, heulandites, ZSM-5, _
ZSM-11, ZSM-12, 17 NU-87, theta-1, weinbergerite, X-type zeolite, Y-type zeolite, USY-type zeo_Ilte_,
mordenite, dealurfinatesimerdenife, Przeblite  MEM:22,iMEM-36 @mgiM@Mi%ﬁerttheS& P-zeolite is
preferable. 5[0054] In the zeolite, the composition ratio between silicon and aluminum N
(silicon/alyminuiny.is preferablyrnthe jangeiot 2/d ta 2004, and in viewafactivity and heap stability,
particularly preferably in the range of 5/1 to 100/1. Further, 10 isomorphously substituted zeol tes in
which aluminumdnfthezeotite skeleton is,substittied with-athermetal:steh 8568, T e Mp or B may
be used. Furthermore, metal ion-modified zeolites may be used. [0055]

particles. The size of the particles of the hydrogenation

5 catalysts is not particularly limited. Generally, the

particle diameter may range from 0.01 tc 100 mm depending on

the size of a reactor.

[0062]

(Usage of hydrogenation catalysts and solid acid substances)

10 In the olefin production processes of the invention, the
ketone, hydrogen and optionally water are supplied to a reactor
packed with the hydrogenation catalyst and the sclid acid
substance and the ketone is reacted with hydrogen. The total
amount of the hydrogenation catalyst and the scolid acid

15 substance in the reactor (hereinafter, also the catalyst
amount) is not particularly limited. 1In an embodiment in which
the reaction is performed in a fixed bed flow apparatus equipped
with a fixed bed reactor, the catalyst amount may be such that
the supply amount (weight) of the starting material ketone per

20 hourdividedby the catalyst amount (weight), namely, the weight
hourly space velocity (WHSV) is preferably in the range of 0.1
te 200 /h, and more preferably 0.2 to 100 /h.

[00B62]

The weight ratio of the solid acid substance and the



15The shape of the solid acid substances is not particularly limited, and the solid acid substances may
be in the form of sphere, cylindrical column, extrudate or crushed particles. The size of the patrticles of

the solid acid substances is not particularly limitedpGenerally, the particle diameter may 20 range from
0.01 to 100 mm depending on the size of a reactor. [0056] The solid acid substances may be used
singly, or two or more kinds may be used in combination. [0057] 18 (Cu-containing hydrogenation

catalysts) hy d Ahe<Gur-eontaining hydregenationcatalystimay.qentain Gu as thesmetal element or as a
metal compound. Examples of the metal compounds include metal oxides such as CuO and C1.120;

and 5 metabchlarides suchass€ue &2 . Fheseatalystsimay be supnoyted on. cayriers. J0088] - s
Preferably, the Cu-containing hydrogenation catalysts further contain at least one element belonging to
Group llAssually in the range of 1:0.01 to 1:100, and preferably 1:0.05
to 1:50. An excessively small amount of the solid acid
5 substance results in insufficient dehydration reaction and low
olefin yield, causing econcmic disadvantages. An excessively
large amount of the solid acid substance is alsoc uneconomical
because the ketone conversion is lowered.
When water is used in the processes of the invention, the
10 hydrogenation catalyst and the solid acid substance are
preferably dehydrated by known methods in order to control
strictly the water content in the reactor. In the case of a
fixed bed reactor, the hydrogenation catalyst and the solid
acid substance packed therein may be dehydrated by keeping the
i5 temperature at 300°C or above for at least 10 minutes while
passing an inert gas (for example nitrogen or helium) through
the reactor. 7To develop the activity of the hydrogenation
catalyst, the dehydration treatment may be followed by a
treatment under a stream of hydrogen.
20 [0064]
In the event that the catalyst activity is lowered after
a time of reaction, the hydrogenation catalyst and the solid

acid substance may be regenerated by known methods to recover

the activity.



10 Group 1B and Group VIB, Preferred Group IIIA elements include Al and In; preferred Group IIB
elements include Zn; and preferred Group VIB elements include Cr and Mo. Examples of such
hydrogenation catalysts include copper-containingzgatalysts such as copper chromium catalysts,
Raney copper 15 catalysts and copper zinc catalysts. [0059] Higher activity and olefin selectivity
tend to be obtained by using Cu-containing hydrogenation catalysts that contain metal salts such as
PbS0O4, Fe@i2and SnC12; alkali metals 20 such as K and Na, and alkali metal salts; and BaSO4.
[0060] Commercially available Cu-containing hydrogenation catalysts include CuO-Zn0O-Al203 and

CuO-Cr203-Ba0. [30614 =19 nveThe shape-efdhe fydrogenation-catalysts is, ot particylady limited,
and the hydrogenation catalysts may be in the form of sphere, cylindrical column, extrudate or crushed

particles. Ibe size-0f the paricles:of sheshydragenation Scatalysls jsaot particulatly limited. Generally,
the
limitation. The hydrogenation catalyst and the solid acid

5 substance may be physically mixed on a catalyst particle level
with a centimeter size. Alternatively, the catalysts may be
finely pulverized and mixed together, and the mixture may be
formed into catalyst particles with a centimeter size. Still
alternatively, the hydrogenation catalyst may be supported on

10 the solid acid substance as a carrier, or the solid acid
substance may be supported on the hydrogenation catalyst as
a carrier.
00667

In a particularly preferred embodiment, the

15 Cu-containing hydrogenation catalyst and zeolite as the solid
acid substance are used. The Cu~-containing hydrogenation
catalyst may be supported con the zeolite. Such supported
catalysts may be prepared by soaking zeolite in an agueous
solution of a copper salt such as copper nitrate and calcining

20  the zeolite. Alternatively, copper may be bonded with an
organic molecule ligand to become soluble in organic solvents,
and zeolite may be soaked in a solution of the copper-ligand
complex in an crganic solvent,and‘théreafter'calciﬂed. Taking

advantage of the characteristic that some of the complexes are



particle diameter may range from 0.01 to 100 mm depending on the size of a reactor. [0062] (Usage of
hydrogenation catalysts and solid acid substances) 10In the olefin production processes of the
invention, the ketone, hydrogen and optionally watgp are supplied to a reactor packed with the
hydrogenation catalyst and the solid acid substance and the ketone is reacted with hydrogen_ The-
total amount of the hydrogenation catalyst and the solid acid 15 substance in the reactor (hereinafter,
also the catatyst-amodnt}isiaet patticularly limitad. dnvap embodiment inwhichipe reactionds
performed in a fixed bed flow apparatus equipped with a fixed bed reactor, the catalyst amount may be

such that thecsupply amawnidweight)-okthe startinganaterial ketone, per 20 hode dividesby the catalyst
amount (weight), namely, the weight hourly space velocity (WHSV) is preferably in the range of 0.1 to

200 /h, andenareprefejably 02101004 [0068): Hhe weight ratio:of the selid,acid substance and the
SF-2182
corresponding metal salt in the presence of a copper salt as
5 the hydrogenation catalyst and thereby the carrier synthesis
and the supporting of the hydrogenation catalyst are carried
out simultaneously.
[0067]
Other carriers for the hydrogenation catalysts include
10 silica, alumina, silica alumina, titania, magnesia, silica
magnesia, zirconia, zinc oxide, carbon {activated carbon),
acid clay and diatomacecus earth. In a preferred embodiment,
at least one is selected from silica, alumina, silica alumina,
titania, magnesia, silica magnesia, zirconia, zinc oxide and
15 carbon {activated carbon). Some ¢f these carriers function as
solid acid substances. When such carriers are used, the
hydrogenation catalysts are supported on the solid acid
substances as carriers.
[0068]
20 Examples of the reactors used in the invention include
fixed bed reactors and fluidized bed reactors. Fixed bed
reactors are preferable from the viewpoint of the prevention

of catalyst abrasion or particle size reduction.

[0069]



20 hydrogenation catalyst is not particularly limited, but the solid acid substance:hydrogenation
catalyst weight tato is usually in the range of 1:0.01 to 1:100, and preferably 1:0.05 to 1:50. An
excessively small amount of the solid acid 5 substance results in insufficient dehydration reaction and
low olefin yield, causing economic disadvantages. An excessively large amount of the solid acid
substance is also uneconomical because the ketone conversion is lowered. When water is used in the

processes of the inyertion, the 16, hydregenation:catalystang:the solid; acid substapce;ake, preferably
dehydrated by known methods in order to control strictly the water content in the reactor. In the case of

a fixed bedgeaetor:the bydrogenation,catalyst,and the salid aeid substance pagked;therein may be

dehydrated by keeping the 15 temperature at 300C or above for at least 10 minutes while passing an

inert gas (fer-example;nitregen orhelium) throughthe reactar. J9.develop the activity. of the

hydrogenation catalyst, the dehydration treatment may be followed by a treatment under a stream of

hydrogen 2Q[0064k ;  oIn{hgevent thal the,catalystagtivity, islowered.after, aytime of reaatjon, the

hydrogenation catalyst and the solid acid substance may be regenerated by known methods to

recover the-.activity,;,21 [0065] insthe jnvention, the fiydrogenation catalyst and.the, . o a4

described hereinabove, the hydrogenation reaction and the
dehydration reaction probably take place stepwise in the
invention. Accordingly, the catalysts are preferably packed
in the appropriate order of reactions in order to catalyze the

10  reactions effectively and prevent undesired side-reactions.
[0C70]

In particular, increasing the hydrogen pressure or the
reaction temperature to accelerate the reaction rate usually
involves undesired side-reactions that are not observed at low

15 hydrogen pressure or low reaction temperature. In such cases,
the reaction results can be greatly influenced by the catalyst
packing manner.

[0071]

Accordingly, the catalysts may be packed in the

20  appropriate order of reactions, or the hydrogenation catalyst
and the solid acid substance may be mixed in a graded mixing
ratio. For example, the hydrogenation catalyst and the solid
acid substance may be packed in the reactor in a manner such

that: (1) the hydrogenation catalyst and the solid acid



solid acid substance may be used in any manner without limitation. The hydrogenation catalyst and
the solid acid 5 substance may be physically mixed on a catalyst particle level with a centimeter size.
Alternatively, the catalysts may be finely pulverizeg and mixed together, and the mixture may be
formed into catalyst particles with a centimeter size. Still alternatively, the hydrogenation catalyst may
be supported on 10 the solid acid substance as a carrier, or the solid acid substance may be

supported=ansthedydeogenation gatalystas aicariesn[90g6l-Inaparticulady preferred- empodiment,
the 15 Cu-containing hydrogenation catalyst and zeolite as the solid acid substance are used. The

Cu-containing hydrmgenatien catalyst may-be-supported-on thezealite. Such-suppergd catalysts may
be prepared by soaking zeolite in an aqueous solution of a copper salt such as copper nitrate and

calcining 20 theszeolite. Altgnatively -¢appes mayde honded with,an organic molecule-ligand to
become soluble in organic solvents, and zeolite may be soaked in a solution of the copper-ligand

complex i @n.Qrgania seluentand:thereafter calgined s Taking, advantage of thg characteristic that

some of the complexes are 22 vaporized under vacuum, such complexes may be supported on

zeolite by depesition orthe like Further4a coprecipitation methad.may P@ﬁ&i%pf@ﬁén which zeolite is

obtained from a corresponding metal salt in the presence of a copper salt as 5 the hydrogenation

catalyst ang theseliy e cayrier syginesis and the SHBROTIG Pf te:nydiagenation catalyst are carried

out simultaneously. [0067]

catalyst forms a layer on an upstream side (an inlet side),
and the solid acid substance and the hydrogenation catalyst
form a layer on a downstream side (an outlet side); (5) the
10 hydrogenation catalyst forms a layer on an upstream side (an
inlet side) and the solid acid substance supporting the
hydrogenaticn catalyst forms a layer on a downstreanlside (an
outlet side); (6} the hydrogenation catalyst and the sclid acid
substance form a layer on an upstream side (an inlet side) and
15 the solid acid substance forms a layer on a downstream side
{an cutlet side}; or (7) the scolid acid substance supporting
the hydrogenation catalyst forms a layer on an upstream side
(an inlet side) and the solid acid substance forms a laver on
a downstream side (an ocutlet side). Here, the term upstreanm
20 side means an inlet side of the reactor, in other words, this
term indicates that the starting materials are passed through
the layer in the first half of the reaction. The term
downstream side means an outlet side of the reactor, in other

words, this term indicates that the starting materials,



Other carriers for the hydrogenation catalysts include 10 silica, alumina, silica alumina, titania,
magnesia, silica magnesia, zirconia, zinc oxide, carbon (activated carbon), acid clay and
diatomaceous earth. Tn a preferred embodiment, gtdeast one is selected from silica, alumina, silica
alumina, titania, magnesia, silica magnesia, zirconia, zinc oxide and 15 carbon (activated carbon).
Some of these carriers function as solid acid substances. When such carriers are used, the

hydrogenationcatalysts asessupportedon:the solid-acid substapges, as catiiers, {0088] 20Examples of
the reactors used in the invention include fixed bed reactors and fluidized bed reactors. Fixed bed

reactors are; peeferapledfrom thesviewpogint gf:theprevention of gatalyst abrasion or particle size
reduction. [0069] SF-2182 23 In the invention, the hydrogenation catalysts and the solid acid

substancesgpaybe packed in the reactor by any methods without limitation. In the case of fixed bed
reactors, however, the packing mode of the hydrogenation catalyst and the solid 5 acid substance may

greatly affect the regchion resulfs. As,described hereinabove; the hydrogenation reaetion and the

dehydration reaction probably take place stepwise in the invention. Accordingly, the catalysts are

prefegably.packed i the, gppropriate oies of tegctions;ip prdgr fa gatalyze e, v oung
system in which the catalyst in one reactor is regenerated while
the reaction is continuously carried out in the remaining one
or twe reactors. When the process invelves three reactors, two
of these reactors may be connected in series to stabilize the

10 production output. When the reaction is carried out in a

fluidized bed flow reaction system or in a moving bed reaction
system, part or the whole of the catalysts may be withdrawn
from the reactor continucusly or intermittently while a

corresponding amount of the catalysts are newly added to

15 maintain the activity at a constant level.

EXAMPLES
[0C673]
The present invention will be described in greater detail
20 by examples hereinbelow without limiting the scope of the
invention.
[0074]
[Example 1]

A fixed bed reaction apparatus was used which was eguipped



10 reactions effectively and prevent undesired side-reactions. [0070] In particular, increasing the
hydrogen pressure or the reaction temperature to accelerate the reaction rate usually involves
undesired side-reactions that are not observed at low 15 hydrogen pressure or low reaction
temperature. In such cases, the reaction results can be greatly influenced by the catalyst packing
manner. [0071J Accordingly, the catalysts may be packed in the 20 appropriate order of reactions, or

the hydrogenation eatalysiandthesolidacid subsiancemayhbe mixad.ina gragded mixingatio. For

example, the hydrogenation catalyst and the solid acid substance may be packed in the reactor in a

manner such:thatl) the hydrogenatign catalyst apd thesplid agidh 24.substance are mixed together

and packed in the reactor; (2) the hydrogenation catalyst forms a layer on an upstream side (an inlet

side) of the,feactor and the,solid acid substanee forms;a jayer on adawnstream;side, (%g putlet side) of
the 5 reactor; (3) the solid acid substance supporting the hydrogenation catalyst is packed; (4) the

hydrogenation cajalyst farmsa layer.on.an upstream.side (an.inlet side), and the splid,acid substance

and the hydrogenation catalyst form a layer on a downstream side (an outlet side); (5) the 10

hydregenation gatalyst forms. a Jayer on an-upstream.side (an inlst side) and the solid acid substance

supporting the hydrogenation catalyst forms a layer on a downstream side (an outlet side); (6) the
hydrogenqm%qtalyst and the solid acid substance form a layer on an upstream side (an inlet side)
and

The reacter was a SUS 316 reactor having an inner diameter
of 1 cm. From the outlet of the reactor, 1.0 g of a copper/zinc
catalyst powder (Shift Max 210 manufactured by Sud-Chemie AG,

10 coﬁtaining 32-35% by mass of copper, 35-40% by mass of zinc
and 6-7% by mass of aluminum, classified to 250-500 pm) was
packed to form a catalyst layer on an upstream side. Quartz
wool as a separator between the catalyst layers was packed.
Thereafter, 1.0 g of B-zeolite (manufactured by JGC Catalysts

15 and Chemicals Ltd., compacted at 20 MPa and classified to
250-500 pum) was packed to form a catalyst layer on a downstream
side.

[0076)

The pressure was increased to 2.5 MPa with hydrogen, and

20  reduction treatment was carried out by feeding hydrogen at 20
ml/min from the reactor inlet at 200°C for 3 hours. Under a
stream of hydrogen at 20 ml/min, the temperature was then
lowered to 175°C and acetone was passed from the reactor inlet

at 0.75 g/h.



15 the solid acid substance forms a layer on a downstream side (an outlet side); or (7) the solid acid
substance supporting the hydrogenation catalyst forms a layer on an upstream side (an inlet side) and
the solid acid substance forms a layer on a downstream side (an outlet side). Here, the term upstream
20 side means an inlet side of the reactor, in other words, this term indicates that the starting materials
are passed through the layer in the first half of the reaction. The term downstream side means an
outlet sidejofcthe reactor, in other words, this term indicates that the starting materials, 25
intermediates and reaction products are passed through the layer in the last half of the reaction. [0072]
To maintain the olefin preduction:optput twanak thiee 5 1eastors,may be arranged.p paralighto adopt a
merry-go-round system in which the catalyst in one reactor is regenerated while the reaction is
continuougly.casried eutdn the-temaining eRe-Rx two reacters. Whenithe progess involves three
reactors, two of these reactors may be connected in series to stabilize the 10 production output. When
the reaction is,.cagtied Ut arfluidized bed flow.reactian systepyorjn a-mQving bedseaction.system,
part or the whole of the catalysts may be withdrawn from the reactor continuously or intermittently

whilesa cosrespondingamouatefthe catalysts arenewly added ta 15 maintajn the agtivity ata

constant level.

products were guantitatively determined on line.
[0078]

The reaction results are set forth in Table 1.



EXAMPLES [0073] The present invention will be described in greater detail 20 by examples
hereinbelow without limiting the scope of the invention. [0074] [Example 1]
Afixedbedreactionapparatuswasusedwhichwasequipped 26 with a high-pressure feed pump, a
high-pressure hydrogen mass flow controller, a high-pressure nitrogen mass flow controller, an electric
furnace, a reactor having ja ¢atalyst-packing part, and a back pressure valve. A pressurized
liquid-phase downflow Beaction was carried out in the reaction apparatus. [0075] The reactor
was a SUS 316 reactot g.ﬂing an inner diameter of 1 cm. From the outlet of the reactor, 1.0g of a
copper/zinc catalyst|powdé&t|(Shift Max 210 manufactured by Sud-Chemie AG, 10 containing 32-35%
by mass of copper, 354400 by mass of zinc and 6-7% by mass of aluminum, classified to 250-500 pm)
was packed to form ja ¢atalyst layer on an upstream side. Quartz wool as a separator between the
catalyst layers was pag d. Thereafter, 1.0 g of P-zeolite (manufactured by JGC Catalysts
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Selectivity
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28

Propylene
1
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97
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1

SF~-2182
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15 and Chemicals Ltd., compacted at 20 MPa and classified to 250-500 Ism) was packed to forma
catalyst layer on a downstream side. [0076] The pressure was increased to 2.5 MPa with hydrogen,
and 20 reduction treatment was carried out by feeding hydrogen at 20 ml/min from the reactor inlet at
200C for 3 hours. Under a stream of hydrogen at 20 ml/min, the temperature was then lowered to
175C and acetone was passed from the reactor inlet at 0.75 g/h. 27 [0077] Nitrogen was fed at 50
ml /min in iepv@eegn the reactor outlet and the back pressure valve by means of the high-pressure
nitrogen mass flow controller. A gas chromatograph (GC) was 5 provided at a downstream from the
back pressute=vatve: and the products were quantitatively determined on line. [0078] The reaction
results are set forth in Table 1.

A fixed bed reaction apparatus was used which was equipped

with a high-pressure feed pump, a high-pressure hydrogen mass
5 flow controller, a high-pressure nitrogen mass flow controller,

an electric furnace, a reactor having a catalyst-packing part,

and a back pressure valve. Apressurized liguid-phase downflow

reaction was carried out in the reaction apparatus.

[00811]

10 The reactor was a SUS 316 reactor having an inner diameter
©f 1 cm. From the ocutlet of the reactor, a catalyst mixture
was packed to forma catalyst layer wherein the catalyst mixture
had been prepared by sufficiently mixing 0.3 g of & copper/zinc
catalyst powder (Shift Max 210 manufactured by Sud-Chemie AG,

15 containing 32-35% by mass of copper, 35-40% by mass of zinc
and 6-7% by mass of aluminum, classified to 250-300 um) and
0.6 gof f-zeolite (manufactured by JGC Catalysts and Chemicals
Ltd., compacted at 20 MPa and classified to 250-500 um).
f0082]

20 The pressure was increased to 3.0 MPa with hydrogen, and
acetone was passed at 0.30 g/h from the reactor inlet at 180°C
under a stream of hydrogen at 12 ml/min.

[0083]

Nitrogenwas fedat 50 ml/min in between the reactor outlet



COO0 CD H (0 [Li 1---1 29 [0080] [Example 2] A fixed bed reaction apparatus
wasusedwhichwasequipped with a high-pressure feed pump, a high-pressure hydrogen mass 5 flow
controller, a high-pressure nitrogen mass flow contggjler, an electric furnace, a reactor having a
catalyst-packing part, and a back pressure valve. A pressurized liguid-phase downflow reaction was
carried out in the reaction apparatus. [0081]

and the back pressure valve by means of the high-pressure
nitrogen mass flow controller. A gas chromatograph was
provided at a dewnstream from the back pressure valve, and the
products were guantitatively determined on line.

5 [0084]

The reaction results are set forth in Table 2.



10The reactor was a SUS 316 reactor having an inner diameter of 1 cm. From the outlet of the reactor,
a catalyst mixture was packed to form a catalyst layer wherein the catalyst mixture had been prepared
by sufficiently mixing 0.3 g of a copper/zinc catalyst powder (Shift Max 210 manufactured by

Sud-Chemie AG, 15/contaifiig 32-35% by mass of copper, 35-40% by mass of zinc and 6-7% by
mass of aluminum, ¢lassifi¢d to 250-500 rim) and 0.6 g of P-zeolite (manufactured by JGC Catalysts
and Chemicals Ltd., cg‘mpeictael at 20 MPa and classified to 250-500 RI). [0082] 20The pressure was
increased to 3.0 MPg wit ﬁy rogen, and acetone was passed at 0.30 g/h from the reactor inlet at
180C under a stream of hydrogéen at 12 mi/min. [0083] ogen was fed at 50 ml /min in between the
reactor outlet 30 and fhe pack pressure valve by means of the high-pressure nitrogen mass flow
controller. A gas chromatggfaph was provided at a downstream from the back pressure valve, and the
products were quamit@i\;éiyﬁc etermined on line. 5[0084]
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The reaction results are set forth in Table 2. 0.] co CO_Q CD Li) 32 [0086] [Example 3] A fixed
bed reaction apparatus was used which was equipped with a high-pressure feed pump, a
high-pressure hydrogen mass 5 flow controller, a high-pressure nitrogen mass flow controller, an
electric furnace, a reactor having a catalyst-packing part, and a back pressure valve. A pressuri zed
liquid-phase downflow reaction was carried out in the reaction apparatus.

[0086]
[Example 3]
A fixed bed reactlon apparatus was used which was equipped

with a high-pressure feed pump, a high-pressure hydrogen mass
5 flow controller, a high-pressure nitrogen mass flow controller,

an electric furnace, a reactor having a catalyst-packing part,

and a back pressure valve. Apressurized ligquid-phase downflow

reaction was carried out in the reaction apparatus.

[0087]

190 The reactor was a 8US 316 reactor having an inner diameter
of 1 cm. From the outlet of the reactor, 1.0 g of a copper/zinc
catalyst powder (Shift Max 210 manufactured by Sud-Chemie AG,
containing 32-35% by mass of copper, 35-40% by mass of zinc
and 6-7% by mass of aluminum, classified to 250-500 um) as a

15 hydrogenation catalyst was packed to form a catalyst layer on
an upstream side. Quartz wool as a separator between the
catalyst layers was packed. Thereafter, 1.0 g of f-zeolite
(manufactured by JGC Catalysts and Chemicals Ltd., compacted
at 20 MPa and classified to 250-500 um) as a solid acid substance

20  was packed to form a catalyst layer on a downstream side.
{00887

The pressure was increased to 2.5 MPa with hydrogen, and
reduction treatment was carried out by feeding hydrogen at 20

ml/min from the reactor inlet at 200°C for 3 hours. Under a



[0087] 10The reactor was a SUS 316 reactor having an inner diameter of 1 cm. From the outlet of the
reactor, 1.0 g of a copper/zinc catalyst powder (Shift Max 210 manufactured by Sud-Chem e AG,
containing 32-35% by mass of copper, 35-40% by-nass of zinc and 6-7% by mass of aluminum,
classified to 250-500 pm) as a 15 hydrogenation catalyst was packed to form a catalyst layer on an
upstream side. Quartz wool as a separator between the catalyst layers was packed. Thereafter, 1.0 g

of p-zeolite{magufacturad by JGG, Catalysts and Ghemigals Lidsrpommpactedat, 20:MPa-and classified

to 250-500 m) as a solid acid substance 20 was packed to form a catalyst layer on a downstream side.

[0088] 1 Jhepressurewasincreasediio2,e MRa withhydragen, andreduction.tregtment was
carried out by feeding hydrogen at 20 ml/min from the reactor inlet at 200C for 3 hours. Under a 33

stream of fiydrogen at20 alimnip; the.temperaiyie was thep lwered ©0,180¢, F1omthe reactor inlet,

acetone was passed at 0.60 g/h and water at 0.019 g/h, whereby the water/acetone molar ratio was
0.1. 5[0089] ; 5 Nitregen was. fegl at 50 ml /min in between the reactor outlet and the back pressure
valve by means of the high-pressure

5 [0089)

Nitrogen was fed at 50 ml/minin between the reactor cutlet
and the back pressure valve by means of the high-pressure
nitrogen mass flow controller. A gas chromatograph was
provided at a downstream from the back pressure valve, and the

10 products were quantitatively determined on 1ine. The reaction
results are set forth in Table 3.
009801
[Example £]
The procedures in Example 3 were repeated, except that
15 water was passed at 0.056 g/h, whereby the water/acetone molar
ratio was 0.3. The reaction results are set forth in Table 3.
[0091]
[Example 5]
The procedures in Example 3 were repeated, except that
20 water was passed at 0.074 g/h, whereby the water/acetone molar
ratic was 0.4. The reaction results are set forth in Table 3.
[00927)
[Example 6]

The procedures in Example 3 were repeated, except that



nitrogen mass flow controller. A gas chromatograph was provided at a downstream from the back
pressure valve, and the 10 products were quantitatively determined on line. The reaction results are
set forth in Table 3. [0090] [Example 4] The proceduyes in Example 3 were repeated, except that 15
water was passed at 0.056 g/h, whereby the water/acetone molar ratio was 0.3. The reaction results
are set forth in Table 3. [0091] [Example 5] The procedures in Example 3 were repeated,

except that 20avaier was:passed.at 0.074 9/h/wherehy.the ywater/aggtone relar Fatio was Hr4. The
reaction results are set forth in Table 3. [0092] [Example 6] The procedures in Example 3 were
repeated, exeepfthat 1.0. The reaction results are set forth in Table 3.
(00931
[Example 7]
5 The procedures in Example 3 were repeated, except that
acetone was passed at 0.60 g/h from the reactor inlet and water

was not passed. The reaction results are set forth in Table

3.



34 water was passed at 0.186 g/h, whereby the water/acetone molar ratio was 1.0. The reaction
results are set forth in Table 3. [00931 [Example 7] 5The procedures in Example 3 were repeated,
except that acetone was passed at 0.60 g/h from the reactor inlet and water was not passed. The
reaction results are getfqrthim Tabier3; 01-H 000 -c-i cN OH ¢'.1m,C)ll

&

DO e O
%) ﬁ ololo|oiem
Rt O
—
]
i
Lo
i@ b
Hi @~ {WOiof=rio
U 8 .
Vo Hlolololoi-
Siow
Ot s
ER RN
@
8]
1]
~ &
oM wm|Wwwinio
c\OQ .
- 8 ololojo|o
vy
_;_Jile
-
N
4w
ol &
ol 9 sle o
i ] Tl W s
G)S“oooocx)mr-
w 5 |e|oio o
o
oy

DIPE
.0
2
1
0
0

35

Selectivity (%) /acetone

FI:(\J'\OO'\?Q‘*
¥ . e
Hopolwiop s
s
0]
o
S e} W= o
.,_.{ ef = »
ij CO(COIo QoD
5o oM i ey
: ©
< s
[t
o]
8]
“
— @
o Q.o
o 0 oo
Q -~ O oW
B O
& m R
%H = D ey
~ M jololoi-iol gy %
@ Sy G4
O~ ou
=0 o 0
o o0
- = 0y -
a8} O -
ol n g
o — o) -t
et < — [SeR R ITo N ANe R o I
| o o .
KRR KX A
B o = 4| || e B




Lti loRS<n-E0Cn-1 0 36 [0095] In the tables above, the "selectivity (%)/acetone" indicates
acetone conversions (molar percentages) to the products relative to the amount of raw material
acetone, and the "selectivity (%)/(acetone-IPA-DIPE)" indicates acetone conversions (molar
percentages) to the products relative to the amount of raw material acetone after deduction of the
acetone conversions to IPA and DiPE produced. Here, IPA and DIPE are intermediates in the series of
hydrogenationoand 10 dehydration reactions. [0096] The results in Table 3 show that water
prevents the formation of undesired byproducts such as propylene dimers, and propylene can be

pmﬂucede”1me§eEﬁgWB@@ﬂ%§Hgﬂ@9é?wﬂﬁ%'“selectivity (%) /acetone”
indicates acetone conversions (molar percentages) to the
products relative to the amount of raw material acetone, and

the “selectivity (%)/lacetone~IPA-DIPE)” indicates acetone

n

conversions (molar percentages) to the products relative to

the amount of raw material acetone after deduction of the

acetone conversions to IPA and DIPE produced. Here, IPA and

DIPE.are intermediates in the series of hydrecgenation and
10 dehydration reactions.

[0096]

.The results in Table 3 show that water prevents the
formation of undesired byproducts such as propylene dimers,
and propylene can be preduced with high selectivity by supplying

15 water.
[0087]
[Example 8]
(Production of isopropyl alcohol and acetone)

Isopropyl alcohol was produced using isopropyl

20 alcohol-producing Escherichia colil bacteria (Escherichia coli
pGAP-Iaaa/B strain) described in Example 4 of WO 2009/008377.
Here, a production apparatus 10 as illustrated in Fig. 1 of
WC 2008/008377 was used. A culture tank, a trap tank, an

injection tube, a connection tube and a discharge tube were



[0097] [Example 8] (Production of isopropyl alcohol and acetone) Isopropyl alcohol was produced
using isopropyl 20 alcohol-producing Escherichia coli bacteria (Escherichia coli pGAP-laaa/B strain)
described in Example 4 of WO 2009/008377. Here;-a production apparatus 10 as illustrated in Fig. 1 of
WO 2009/008377 was used. A culture tank, a trap tank, an injection tube, a connection tube and a
discharge tube were 37 all made of glass. The culture tank and the trap tank each had a capacity of 3

L. The trap tank cqntaiged 1.8k of water ags irap liguid, (trap, waten)..The frap waterhadpbeen;cooled to

10C. 5[0098] A waste tube was attached to the culture tank, and the increase of the culture liquid by

the feed of sugars.arinputralizers wag gentrolled by appropriately,discharging the crlture liguid from
the culture tank.
trap liquid (trap water). The trap water had been cocoled to
10°C.
5 [0098]

A waste tube was attached to the culture tank, and the
increase of the culture liquid by the feed of sugars or
neutralizers was controlled by appropriately discharging the
culture liguid from the culture tank.

10 [0099]

The pCAP-Iaaa/B strain was inoculated in a 100 mL conical
flask that contained 25 mL of LB Broth, Miller culture licuid
(Difco 244620) containing 50 pg/mL of ampicillin, and was
pre-cultured overnight with stirring at 120 rpm and a culture

15 temperature of 35°C. The whole amount of the culture ligquid
was transferred to the 3 L culture tank {fermentor RBMS-PI

manufactured by ABLE & Biott Co., Ltd.) that contained 1475

j¢H

gof a culture medium having the compositionbelow. The culture
liquid was cultured with aeration at 1.5 L/min at atmospheric
20  pressure, a stirring speed of 550 rpm, & culture temperature
of 35°C and pH of 7.0 {adjusted with an agueous NH; solution).
A 45 wt/wt% aqueous gluceose solution was added at 7.5 g/L/h
for 8 hours from the initiation of the culture. Afterward, the

45 wt/wt% agueous glucose sclution was added at 15 g/L/h. The



10[0099] The pGAP-laaa/B strain was inoculated in a 100 mL conical flask that contained 25 mL
of LB Broth, Miller culture liquid (Difoo 244620) containing 50 1..tg/mL of ampicillin, and was
pre-cultured overnight with stirring at 120 rpm and ggculture 15 temperature of 35C. The whole amount
of the culture liquid was transferred to the 3 L culture tank (fermentor BMS-PI manufactured by ABLE
& Biott Co., Ltd.) that contained 1475 g of a culture medium having the composition below. The culture

liquid wasculpredbwith-agrafign at 3.5 Limin-at atmaspheric. 20 pressyte, a-stirring speed,of 550 rpm,

a culture temperature of 35C and pH of 7.0 (adjusted with an agueous NH3 solution). A 45 wt/wt%

aqueous gly zwu&;gn was-added.at 75,9l for 8 haurs from the initiation.of the culture,

Afterward, the 45 wt/wt% aqueous glucose solution was added at 15 g/L/h. The 38 trap water after

130 hours=after the culture ggté@g asanalyzed by GC and was found to contain 1.6 wt% of acetone
and 5.6 wt% of isopropyl alco ol% 00] 5 (Culture medium composition) Corn steep liquor (NIHON

SHOKUHIN,KAKO CO., LTD.): 20 g/L Fe2S04.7H20: 0.09 g/L K2HPOA4: 2 g/L

5 (Culture medium composition)
Corn steep liguor (NIHON SHOKUHIN KAKO CC., LTD.): 20 g/L
Fep,504-7H,0: 0.09 g/L
K HPOs: 2 g/L
KH;PO.: 2 g/T

10 MgSQy- 7H,0: 2 g/L
(NH4) 28040 2 g/L
ADEKA NOL LG1Z6 (ADEKA CORPORATION): 0.6 g/L
Water: balance

(Production of propylene)

15 The agueous solution containing isopropyl alcohol and
acetone (the trap water after 130 hours from the culture
initiation) was distilled to concentrate isopreopyl alcohol and
acetone.

(01017

20 In detail, 1%47.0 g of the agueocus solution was passed
at 500 ml/h through a column packed with 240 mL of a cation
exchange resin (AMBERLYST 31WET manufactured by ORGANO
CORPORATION), thereby removing residual ammonia. The treated

liguid was distillied at normal pressure to separate fractions



KH2PO4: 2 g/L 10MgS04-7H20: 2 g/L (NH4)2004: 2 g/L ADEKA NOL LG126 (ADEKA
CORPORATION): 0.6 g/L Water: balance (Production of propylene) 15The aqueous solution
containing isopropyl alcohol and acetone (the trap water after 130 hours from the culture initiation) was
distilled to concentrate isopropyl alcohol and acetone. [0101] 20In detail, 1947.0 g of the aqueous
solution was passed at 500 ml/h through a column packed with 240 mL of a cation exchange resin

(AMBERLYST,SYVETispanufagiedi by ORSANO GORPORATION)s hetehctemayingigsigua
ammonia. The treated liquid was distilled at normal pressure to separate fractions
showed that the fractions contained 22.6 wt$% of acetone, 58.7
wt% of isopropyl alcohol and a balance of water.
[0102]

5 The fractions were subjected to a pressurized
liguid-phase downflow reaction using a fixed bed reaction
apparatus which was eguipped with a high-pressure feed pump,
a high-pressure hydrogen mass flow contreller, a high-pressure
nitrogen mass flow controller, an electric furnace, a reactor

10  having a catalyst-packing part, and a back pressure valve.
[0103]

The reactor was a SUS 316 reactor having an inner diameter
0f 1 cm. From the outlet of the reactor, 0.5 g of a copper/zinc
catalyst powder (Shift Max 210 manufactured by Sud-Chemie AG,

15 containing 32-35% by mass of copper, 35-40% by mass of zinc
and 6-7% by mass of aluminum, classified to 250-500 um) was
packed to form a catalyst layer on an upstream side. Quartz
wool as a separator between the catalyst layers was packed.
Thereafter, 1.5 g of f-zeolite (manufactured by JGC Catalysts

20  and Chemicals Ltd., compacted at 20 MPa and classified to
250-300 um) was packed to form a catalyst layer on a downstream
side.

F0104]

The pressure was increased to 2.5 MPa with hydrogen, and



39 having a boiling point of 53 to 81.6C. Gas chromatography showed that the fractions contained
22.6 wt% of acetone, 58.7 wt% of isopropyl alcohol and a balance of water. [0102] 5The fractions were
subjected to a pressurized liquid-phase downflow rggction using a fixed bed reaction apparatus which
was equipped with a high-pressure feed pump, a high-pressure hydrogen mass flow controller, a
high-pressure nitrogen mass flow controller, an electric furnace, a reactor 10 having a catalyst-packing

part, and & baclcpressure-valve.dQ103L s ~Ihe reactarwasa $US 316 reactor having an jnner

diameter of 1 cm. From the outlet of the reactor, 0.5 g of a copper/zinc catalyst powder (Shift Max 210

manufactyred by, Sud:Chemie. AG, 15.containing 32:35% by mass.of copper, 35-40% by, mass of zinc

and 6-7% by mass of aluminum, classified to 250-500 pm) was packed to form a catalyst layer on an

upstream side. Quagz woolas asepatatorbetwoen (e catalystiayers was packed. Thereatter, 1.5 g
of P-zeolite (manufactured by JGC Catalysts 20 and Chemicals Ltd., compacted at 20 MPa and
classified {0,250-500:pm) waspacked fo.farma cafalyst layer.on.adownstream side, [0104]
5 inlet at 0.60 g/h.
[0105]

Nitrogen was fed at 200 ml/min in between the reactor
cutlet and the back pressure valve by means of the high~pressure
nitrogen mass flow controller. A gas-liquid separation tube

10 was provided immediately downstream the back pressure valve.
The gas component and the liguid component were analyzed by

gas chromatography to guantitatively determine the products.

The reaction results are set forth in Table 4.



40 reduction treatment was carried out by feeding hydrogen at 20 ml/min from the reactor inlet at
200C for 3 hours. Under a stream of hydrogen at 20 ml/min, the temperature was then lowered to
18000 and the fractions were passed from the reactor 5inlet at 0.60 g/h. [0105] Nitrogen was fed
at 200 ml/min in between the reactor outlet and the back pressure valve by means of the
high-pressure nitrogen mass flow controller. A gas-liquid separation tube 10 was provided immediately
downstream the back pressure valve. The gas component and the liquid component were analyzed by
gas chromatographyrtoquantitatively determine the products. The reaction results are set forth in
Table 4. 42 INDUSTRIAL/APPLICABILITY [0107]
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In the industrial and practical processes of the invention, ketone and hydrogen are reacted directly in a
single 5 reaction step to produce an olefin with high selectivity. By the process, propylene can be
obtained directly from acetone occurring in the phenol production by the cumene process. 43 CLAIMS
1.An olefin production process comprising reacting 5 a ketone and hydrogen at a reaction temperature
in the range of 50 to 300C in the presence of a Cu-containing hydrogenationcatalyst and a solid acid

substance; 2-Hher@lefin, prosisiction, process according to claim 10 1, wherein the Cu-containing
hydrogenation catalyst further contains at least one element belonging to Group IlIA, Group BIB and

Group VIE.3, Fhe olefin production process according to claim 15 1, wherein the solid acid substance
is a zeolite.

In the industrial and practical processes of the
invention, ketone and hydrogen are reacted directly in a single
5 reaction step to produce an olefin with high selectivity. By
the process, propylene can be obtained directly from acetone

cccurring in the phenol production by the cumene process.



4.The olefin production process according to claim 3, wherein the zeolite is a zeolite possessing a
pore of ten to twelve-membered oxygen ring. 20 5.The olefin production process according to claim 4,
wherein the zeolite possessing a pore of ten to twejve-membered oxygen ring is a P-zeolite. SF-2182
44 6. The olefin production process according to claim 1, wherein the reaction is carried out in a
fixed bed reactor, and the Cu-containing hydrogenation catalyst is packed in an inlet side of thh reactor
and the solid acid substance is packed 5in an outlet side of the reactor. - 7. The olefin production
process according to claim 1, wherein the ketone is acetone and the olefin is propylene. 108.An olefin

production process comprising supplying CTATMS

1. An olefin preoducticn process comprising reacting
5 a ketone and hydregen at a reaction temperature in the range
of 50 to 300°C in the presence of a Cu~containing hydrogenation

catalyst and a sclid acid substance.

2. The olefin production process according to claim
10 L, wherein the Cu-containing hydrogenation catalyst further
contains at least one element belonging to Group IIIA, CGroup

TIB and Group VIB.

3. The olefin production process according to claim

15 1, wherein the =solid acid substance is a zeolite.

4. The olefin production process according to claim
3, wherein the zeolite is a zeclite possessing a pore of ten
to twelve-membered oxygen ring.
20
5. The olefin production precess according to claim
4, wherein the zeolite possessing a pore of ten to

twelve-membered oxygen ring is a B-zeolite.



a ketone, hydrogen and water to a reactor packed with a Cu-containing hydrogenation catalyst and a
solid acid suhstanee and reacting the ketone with hydrogen at a reaction temperature in the range of
50 to 300C, the molar ratio of 15 water to the ketone, supplied (water/ketone) being in the range of 0.01
to 1.0. 9.The olefin production process according to claim 1, wherein the ketone is an acetone
obtained with an isopropyl 20 alcohol-producing bacterium that produces isopropyl alcohol and .

acetone from a plant-derivedematesial, angd the olefinds PFOPYISRgs according to claim
1, wherein the reaction is carried out in a fixed bed reactor,
and the Cu~containing hydrogenation catalyst is packed in an

inletsideeofthé‘reactorenuithesoljxiacidsubstance:Mspacked

5 in an outlet side of the reactor.

7. The olefin preduction process according to claim

1, wherein the ketone is acetone and the olefin is propylene.

10 g. An olefin production process comprising supplying
& ketone, hydrogen and water to a reactor packed with a
Cu-containing hydrogenation catalyst and a solid acid
substance and reacting the ketone with hydrogen at a reaction
temperature in the range of 50 to 300°C, the molar ratio of

15 water to the ketone supplied (water/ketone) being in the range

of 0.01 to 1.0.

9. The olefin production process according to claim

1, wherein the ketone is an acetone obtained with an isopropyl

20 alcohol-precducing bacterium that produces isopropyl alcohol
and acetone from a plant-derived material, and the olefin is

propylene.



