SE-2210 1 OLEFIN PRODUCTION PROCESS TECHNICAL FIELD 5[0001] The present
invention relates to processes for producing olefins by reacting a ketone and hydrogen. In more detail,
the inventign_relates to processes for producing olefins with high selectivity from a ketone and
hydrogen as starting materials 10 in a single reactign step. 10002] In particular, the invention is
concerned with processes for producing propylene by reacting acetone and hydrogen. In more detail,
the invention pertains to processes for producing 15 propylene from acetone and hydrogen as starting
materials in a single reaction step. BACKGROUND ART [0003] 20A reaction between benzene and
propylene gives cumene. Oxidation ofcumeneresultsincumenehydroperoxide. The cumene

hydroperoxide is acid decomposegiftorphenol gndacstone: A gambination of these known reactions
is thecumeneprocesswhich is currently a mainstream process for the production of phenol.
TECHNICAL FIELD
5 [0001]

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

10  in a single reaction step.
[0002]

In particular, the invention is concerned with processes
for producing propylene by reacting acetone and hydrogen. In
more detail, thé invention pertains to processes for producing

15 propylene from acetone and hydrogen as starting materials in

a single reaction step.

BACKGROUND ART
[0003]

20 A reaction between benzene and propylene gives cumene.
Oxidation of cumene results in cumene hydroperoxide. The cumene
hydroperoxide is acid decomposed into phenol and acetone. A
combination of these known reactions is the cumene process which

is currently a mainstream process for the production of phenol.



SF-2210 2 [0004] The cumene process gives acetone as a by-product, and is valuable when both
phenol and acetone are required. However, if the acetone produced is in excess of demand, the
economichrefficiency is deteriorated due to the price difference between acetone and starting material
propylene. Methods have been then proposed in which by-product acetone is reused as a material in
the cumene process through various reactions. [0005] 10Acetone is readily hydrogenated to
isopropanol. Patent Document 1 discloses a process in which the isopropanol thus obtained is
dehydratefbtoogrppylene and the propylene is reacted with benzene to give cumene, in detail acetone
is reused as a material in the cumene process by being converted to propylene 15 through two

reaction steps. [0006] cumdndhgreuse of aeetone; andndustial anskpractical processisheuld be
established which is capable of producing propylene from acetone with high selectivity. Further, the 20

establishment.efindustriahapd pragticah processes capahle af-progdugingaet only prapylene but other

olefins from general ketones with high selectivity is also valuable in other various processes. [0007]
i1f the acetone produced is in excess of demand, the economic

5 efficiency is deteriorated due to the price difference between

acetone and startingmaterial propylene. Methods have been then
proposed in which by-product acetone is reused as a material
in the cumene process through various reactions.
[0005]

10 Acetone is readily hydrogenated to isopropanol. Patent
Document 1 discloses a process in which the isopropanol thus
obtained is dehydrated to propylene and the propylene is reacted
with benzene to give cumene, in detail acetone is reused as a
material in the cumene process by being converted to propylene

15 through two reaction steps.

[0006]

In the reuse of acetone, an industrial and practical
process should be established which is capable of producing
propylene from acetone with high selectivity. Further, the

20  establishment of industrial and practical processes capable of
producing not only propylene but other olefins from general
ketones with high selectivity is also valuable in other various

processes.

[0007]



SF-2210 3 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 monoxide
(35%) andsalupsingm monoxide (40%). In spite of the high reaction 5 temperature of 400C, howeverz
the acetone conversion is low at 89%. Further, the propylene selectivity according to this document is
only 89% because of a side reaction hydrogenating propylene to propane. 10 Citation List Patent
Literatures [0008] Patent Document 1: JP-A-H02-174737 Patent Document 2: East German Patent
DD84378 15 SUMMARY:QFoiNMENTION;  TeehnricalProbleac9989] n which propylene

is obtained through hydrogenation of acetone at 400°C in the

presence of a catalyst containing Cu (25%), zinc monoxide (35%)

and aluminum monoxide (40%). In spite of the high reaction

5 temperature of 400°C, however, the acetone conversion is low
at 89%. Further, the propylene selectivity according to this

document is only 89% because of a side reaction hydrogenating

propylene to propane.

10 Citation List
Patent Literatures
[0008]
Patent Document 1: JP-A-H02-174737
Patent Document 2: East German Patent DD84378
15
SUMMARY OF INVENTION
Technical Problem
[0009]
It is therefore an object of the present invention to
20 provide anovel olefin production process that can be established
as an industrial and practical process capable of producing
olefins with high selectivity by directly reacting a ketone and
hydrogen in a single reaction step. In particular, an object

of the invention is to provide a novel propylene production



It is therefore an object of the present invention to 20 provide a novel olefin production process that
can be established as an industrial and practical process capable of producing olefins with high
selectivitydawy-dipaatly reacting a ketone and hydrogen in a single reaction step. In particular, an object
of the invention is to provide a novel propylene proguction SF-2210 process in which propylene is
obtained with high selectivity by directly reacting acetone and hydrogen. Solution to Problem [0010]
5The present inventors studied diligently to achieve the above objects. They have then found that

olefins are praduced withvhighrselectivity diygeasting a ketone and Rydragensiniasingle keaction step in
the presence of a specific dehydration catalyst and a silver-containing catalyst. 10[0011] In

particularpithas been found that prepyeae 6an berprodyeed inshigh yield from acetone and hydrogen
as starting materials. [0012] 15An olefin production process according to the present invention

comprisegaapﬁimgra ketone @nddaydrogen in the presence of at least one dehydration catalyst and a
[0010]

5 The present inventors studied diligently to achieve the
above objects. They have then found that olefins are produced
with high selectivity by reacting a ketone and hydrogen in a
single reaction step in the presence of a specific dehydration
catalyst and a silver-containing catalyst.

10 [0011]

In particular, it has been found that propylene can be
produced in high yield from acetone and hydrogen as starting
materials.

[0012]

15 An olefin production process according to the present
invention comprises reacting a ketone and hydrogen in the
presence of at least one dehydration catalyst and a
silver-containing catalyst, the at least one dehydration
catalyst being selected from metal oxide catalysts containing

20 at least one Group 6 (VIB) element, zeolites, aluminas and
heteropoly acid salts in which part or all the protons in
heteropoly acids are exchanged with metal cations.

[0013]

In a preferred embodiment, the silver-containing catalyst



silver-containing catalyst, the at least one dehydration catalyst being selected from metal oxide
catalysts containing 20 at least one Group 6 (VIE) element, zeolites, aluminas and heteropoly acid
salts in whichpattor all the protons in heteropoly acids are exchanged with metal cations. [0013]
SF-2210 5 further contains at least one Group 13 (}lIA) element. [0014] The dehydration catalyst is
preferably at least one dehydration catalyst selected from zeolites, y-aluminas, 5 tungsten oxide,
molybdenum oxide and heteropoly acid salts in which part or all the protons in heteropoly acids are
exchangetiwith metalcdtionss[0015] cast ot aGrefesrediembadiment theckatone is acetone and
the 10 olefin is propylene. [0016]
[0014]
The dehydration catalyst is preferably at least one
dehydration catalyst selected from zeolites, y-aluminas,
5 tungsten oxide, molybdenum oxide and heteropoly acid salts in
which part or all the protons in heteropoly acids are exchanged
with metal cations.
[0015]
In a preferred embodiment, the ketone is acetone and the
10 olefin is propylene.
[0016]
The heteropoely acid is preferably at least one heteropoly
acid selected from phosphotungstic acid, silicotungstic acid,
phosphomolybdic acid and silicomolybdic acid.
15 [0017]

The heteropoly acid salt is preferably supported on

fo- 28 EN% NS SR P . S

The reaction temperature in the reaction is preferably in
20 the range of 50 to 500°C.
[0019]
The reaction is preferably catalyzed by a mixture of the
dehydration catalyst and the silver-containing catalyst.

[0020]



The heteropoly acid is preferably at least one heteropoly acid selected from phosphotundstic acid,
silicotungstic acid, phosphomolybdic acid and silicomolybdic acid. 15[0017] The heteropoiy acid salt is
preferablyssupported on qil.133a. [0018] The reaction temperature in the reaction is preferably
in 20 the range of 50 to 500C. [0019] The reaction ¢s preferably catalyzed by a mixture of the
dehydration catalyst and the silver-containing catalyst. [0020] SF-2210 The ketone is preferably
acetone obtained with an isopropyl alcohol-producing bacterium that produces isopropyl alcohol and
acetone from a plantdekvedchmaterial rarnd the-olefin ds: preferakly: propytene. SHABYANTAGEOUS
EFFECTS OF THE INVENTION

isopropyl alcohol-producing bacterium that produces isopropyl

alcohol and acetone froma plant~derivedmaterial, and the olefin

is preferably propylene.

ADVANTAGEOUS EFFECTS OF THE INVENTION
[0021]
According to the processes of the invention, olefins can
be produced from a ketone and hydrogen as starting materials
10 in a single reaction step with industrial and practical
advantages. In particular, the novel propylene production
processes of the invention can produce propylene with high

selectivity by directly reacting acetone and hydrogen.

15 DESCRIPTION OF EMBODIMENTS

[0022]

In an clefin production process according to the present
invention, a ketone and hydrogen are reacted in the presence
of at least one dehydration catalyst and a silver-containing

20 catalyst. The at least one dehydration catalyst is selected
from metal oxide catalysts containing at least one Group 6 (VIB)
element, zeolites, aluminas and heteropoly acid salts in which

part or all the protons in heteropoly acids are exchanged with

metal cations.



[0021] According to the processes of the invention, olefins can be produced from a ketone and
hydrogen as starting materials 10 in a single reaction step with industrial and practical advantages. In
particular,sthexovel propylene production processes of the invention can produce propylene with high
selectivity by directly reacting acetone and hydrogen. 15 DESCRIPTION OF EMBODIMENTS [0022]
In an olefin production process according to the present invention, a ketone and hydrogen are reacted
in the presence of at least one dehydration catalyst and a silver-containing 20 catalyst. The at least
one dehydratipa catalyst is selected from metal oxide catalysts containing at least one Group 6 (VIE)
element, zeolites, aluminas and heteropoly acid salts in which part or all the protons in heteropoly

acids are exchanged with rpetakeations, v8h2240,[0023] comdbthe present invantionstwo
components are used as catalysts, namely, a silver-containing catalyst and at least one dehydration

catalyst seleeted, fsem matahexigde catalystss centaining at least ene Group Hi(\UB) element, zeolites,
aluminas and heteropoly acid salts in which part or all the protons in heteropoly acids are exchanged

with metabgationss Jhe-patalystcompenents may-be ised dn any rranngrwithout imitatien. In an
embodiment, the dehydration catalyst and the silver-containing 10 catalyst may be physically mixed on

a catglystparticledevel with a centimeternsize, in anather embodiment, the, catalystsmay. be finely

pulverized and mixed together, and the mixture may be shaped into catalyst particles with a centimeter

size. In a stilhanether gobodiment; the debydration catalyst may,be 15 ysed as a.catter, and the

silver-containing catalyst may be supported thereon. Alternatively, the dehydration catalyst may be

supported,on ihe silver-contgining.catalys, as a£amer0024l: cations. The catalyst

components may be used in any manner without limitation. In an
embodiment, the dehydration catalyst and the silver-containing
10 catalyst may be physically mixed on a catalyst particle level
with a centimeter size. In another embodiment, the catalysts
may be finely pulverized and mixed together, and the mixture
may be shaped into catalyst particles with a centimeter size.
In a still another embodiment, the dehydration catalyst may be
15 used as a carrier, and the silver-containing catalyst may be

supported thereon. Alternatively, the dehydration catalyst may

In the olefin production processes according to the
20 invention, it is considered that the silver-containing catalyst
catalyzes hydrogenation of the ketone into an alcohol and the
dehydration catalyst catalyzes dehydration of the alcohol to
an olefin. When the ketone is acetone for example, reactions

are considered to take place such that acetone is hydrogenated



In the olefin production processes according to the 20 invention, it is considered that the
silver-containing catalyst catalyzes hydrogenation of the ketone into an alcohol and the dehydration
catalyst catalyzesadehydration of the alcohol to an olefin. When the ketone is acetone for example,
reactions are considered to take place such that agetone is hydrogenated SF-2210 into isopropyl
alcohol under the catalysis of the silver-containing catalyst and the isopropyl alcohol is dehydrated by
the dehydration catalyst to give propylene and water. 5[0025] That is, it is considered that the
hydrogenatian reactioncand theldetiydiationdkeactian take: plage istepisetir the olefin production
processes of the invention. Accordingly, the catalysts may form distinct catalyst layers in the
appropriate 10 erdercsuitedfon the-reaetions, orrthe silverteantaining catatyst and e dehydration
catalyst may be mixed in a graded mixing ratio. [0026] The ketones used in the invention may be

selected &nppropriately depradingropithertarget @lefits, For example; acetene isiusede produce
propylene, and methyl ethyl ketone is used to obtain 1- butene [0027]
water.
5 [0025]

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
catalysts may form distinct catalyst layers in the appropriate

10 order suited for the reactions, or the silver-containing
catalyst and the dehydration catalyst may be mixed in a graded
mixing ratio.

[0026]

ihe ketones used in the invention may be selected

15 appropriately depending on the target olefins. For example,
acetone is used to produce propylene, and methyl ethyl ketone
is used to obtain l-butene.

[0027]

The olefin production processes of the invention are

20 suited for the production of propylene from acetone.

[0028]
The ketones may be obtained by any methods without

limitation. For example, acetone that is by-produced in the

production of phenol, and methyl ethyl ketone from



The olefin production processes of the invention are 20 suited for the production of propylene from
acetone. [0028] The ketones may be obtained by any methods without limitation. For example,
acetone that-is bysproduced in the production of phenol, and methyl ethyl ketone from SF-2210 9
dehydrogenation of 2-butanol may be used. When ghe ketone is acetone, acetone may be used which
is obtained with an isopropyl alcohol-producing bacterium that produces isopropyl alcohol and acetone
from a plant-derived material. 5[0029] The plant-derived materials are not particularly limited as

long as theyrare cathomsouices htaiped from plansaad arednetabelizedie isepropyl algohol by
bacteria. The plant-derived materials include organs such as roots, stems, 10 trunks, branches,

leaves, flowerscang, seeds.dplants: or plankergans: kaving theseiergans: anddegrrgatiopproducts of
these plant-derived materials. Further, the term plant-derived materials in the invention includes

carbon saurees,ebtainesifiom-planis. Rlant.argans-op degradation pradysts thereof that ean 15 be

used as carbon sources by bacteria in culture. Examples of the carbon sources as the plant-derived

materials include, sugarsrsuchas starch, glucosey fructose; sucrose, xylose and arabinose, and plant
degradation products and cellulose hydrolysates containing large amounts of the above sugars.

Further, the 20carbon sources in the invention include plant oil-derived glycerols and fatty acids.
Preferred plant-derived materials include agricultural crops such as grain, and corn, rice, wheat, bean,

sugarcane, beet anl cgitan. These malerialsmay bg used inany form without limitafipp.and for

example may be usedin

as long as they are carbon sources obtained from plants and are
metabolized to isopropyl alcohol by bacteria. The
plant-derived materials include organs such as roots, stems,
10 trunks, branches, leaves, flowers and seeds, plants or plant
organs having these organs, and degradation products of these
plant-derived materials. Further, the term plant-derived
materials in the invention includes carbon sources obtained from
plants, plant crgans or degradation products thereof that can
15 Dbe used as carbon sources by bacteria in culture. Examples of
the carbon sources as the plant-derived materials include sugars

.
such as 1, glucose, fructose, sucrose, xylose and arabinose,

and plant degradation products and cellulose hydrolysates
containing large amounts of the above sugars. Further, the
20 carbon sources in the invention include plant oil-derived
glycerols and fatty acids. Preferred plant-derived materials
include agricultural crops such 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



SE-2210 10 the form of unprocessed. product, squeezed juice ormilledproduct. In an embodiment, the
carbon sources as described above may be used directly. [0030] 5The isopropyl alcohol-producing
bacteria ate-nog lihited as long as they can produce isopropyl alcohol and acetone from the
plant-derived materials. For example, there may betused bacteria that are cultured on the
plant-derived materials and secrete isopropyl alcohol and acetone in the culture medium after 10 a
given time. Such isopropyl alcohol-producing bacteria are described in literature such as NO
2009/00887 ¢, Chimesé RPatent &ppdicationddo.cCN 0439564 JR-AcS 6617493 adnd Apphed and
Environmental Microbiology, Vol. 64, No. 3, pp. 1079-1085 (1998). In particular, isopropyl
alcohol-poducing bacteiiacdescribed 15niNG 2009/0083 & are: preferred. (00344 mayTheisopropyl
alcohol-producing bacteria described in NO 2009/008377 are given acetoacetic acid decarboxylase
activity, isopsapyd alcahiol dehydrogenase activity, CoA transferase 20 activity and thiolase activity.
[0032] Thewordsthehacteriaare"given"theactivitiesmeanthat an enzyme-encoding gene is
introduced dntedhe host bacteria from outside the bacteria, and that an enzyme gene possessed
5 The isopropyl alcohol-producing bacteria are not limited
as long as they can produce isopropyl alcohol and acetone from
the plant-derived materials. For example, there may be used
bacteria that are cultured on the plant-derived materials and
secrete isopropyl alcohol and acetone in the culturemediumafter
10 a given time. Such isopropyl alcohol-producing bacteria are
described in literature such as WO 2009/008377, Chinese Patent
Application No. CN1043956A, JP-A-S61-67493, and Applied and
Environmental Microbiology, Vol. 64, No. 3, pp. 1079-1085 (1998).
In particular, isopropyl alcohol-producing bacteria described
15 in WO 2009/008377 are preferred.
[0031]
The isopropyl alcohol-producing bacteria described in WO
2009/008377 are given acetoacetic acid decarboxylase activity,
isopropyl alcohol dehydrogenase activity, CoA transferase
20 activity and thiolase activity.
[0032]
The 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



SF 2210 11 by the host bacteria on the genome is strongly expressed by enhancing the promoter
activity or replacing the promoter with another. promoter. [0033] 5In a preferred embodiment, the
acetoacetigracid decarboxylase activity, the isopropyl alcohol dehydrogenase activity, the CoA
transferase activity and the thiolase activity are obtained by the introduction of a gene that encodes an
enzyme derived from at least one selected from the group consisting 10 of Clostridium bacteria,
Bacillus bacteria and Escherich a bacteria. [0034] In a more preferred embodiment, the

acetoacetig;acid«lecashoxylase-activity:andibe dsoprapylialcehol slehydreganase skhiactivity are
obtained by the introduction of a gene that encodes an enzyme derived from Clostridium bacteria, and

the CoA teaneferasaqetivilyrandithedhlelae activity are ebtained by thednireduetien-of;agene that
encodes an enzyme derived from Escherichia bacteria. 20[0035] In a particularly preferred
embodiment, the aceteaseticacid decarboxylase activity is obtained by the introduction of a gene that
encodes an enzyme derived from Clostridium acetobutylicum, the isopropy! alcohol dehydrogenase

activity  [0033]

5 In a preferred embodiment, the acetoacetic acid
decarboxylase activity, the isopropyl alcohol dehydrogenase
activity, the CoA transferase activity and the thiolase activity
are obtained by the introduction of a gene that encodes an enzyme
derived from at least one selected from the group consisting

10 of Clostridium bacteria, Bacillus bacteria and Escherichia
bacteria.
[0034]
In a more preferred embodiment, the acetoacetic acid
decarboxylase activity and the isopropyl alcohol dehydrogenase
15 activity are obtained by the introduction of a gene that encodes
an enzyme derived from Clostridium bacteria, and the CoA
transferase activity and the thiolase activity are obtained by
the introduction of a gene that encodes an enzyme derived from
Fscherichia bacteria.
20 [0035]
In a particularly preferred embodiment, the acetoacetic
acid decarboxylase activity is obtained by the introduction of
a gene that encodes an enzyme derived from Clostridium

acetobutylicum, the isopropyl alcohol dehydrogenase activity



SF-2210 12 is obtained by the introduction of a gene that encodes an enzyme derived from
Clostridium beijerinckii, and the CoAtransferase activity and the thiolase activity are obtained by the
introductiroba gene that encodes an enzyme derived from 5Escherichia coli. [0036] In another
preferred embodiment, the acetoacetic acid decarboxylase activity, the isopropyl alcohol
dehydrogenase activity, the CoA transferase activity and the thiolase activity 10 are each obtained by
the introduction of a gene that encodes an enzyme derived from Clostridium bacteria. [0037] The
isopropy! alcehol-producing baeteriacarepreterablyEsehesichia cali. $5[0038% an Ehe preduction of
isopropyl alcohol and acetone from the plant-derived materials by the isopropyl alcohol-producing

bacteria usualy gtV es-by-produetsisuichnas waterant-carbpxytic acids . \Wherr-aceione gbtained from
the plant-derived material 20 with the isopropyl alcohol-producing bacteria is used as the ketone in the

invention,4bhe a¢etopesmay he-purifies todgh purity: By, remevipg the isapregylaleohol, water and
other by-products from the product. [0039]
introduction of a gene that encodes an enzyme derived from
5 Escherichia coli.
[0036]

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

10 are each obtained by the introduction of a gene that encodes
an enzyme derived from Clostridium bacteria.
[0037]

The isopropyl alcohol-producing bacteria are preferably

Escherichia coli.
15 [0038]
The production of isopropyl alcohol and acetone from the
plant-derived materials by the isopropyl alcohol-producing
bacteria usually gives by-products such as water and carboxylic
acids. When acetone obtained from the plant-derived material
20 with the isopropyl alcohol-producing bacteria is used as the
ketone in the invention, the acetone may be purified to high
purity by removing the isopropyl alcohol, water and other

by-products from the product.

[0039]



SF-2210 Alternatively, the isopropyl alcohol and acetone in the product may be concentrated to a
high concentration while the by-products are removed. When such acetone is used in the process of
the inventian,; the isopropyl alcohol and water will 5 be supplied to a reactor together with the acetone.
The isopropyl alcohol is dehydrated by the dehydration catalyst, producing propylene and water.
[0040] The hydrogen reacted with The ketone in the invention may 10 be a molecular hydrogen gas or
a hydrocarbon such as cyclohexane that generates hydrogen when subjected to reaction conditions.

Theoretically, the Aydeogen-may be, usedat least s-an eguimaelan agrount selative to the ketone. From
the viewpoint of separation and recovery, the hydrogen may be preferably used in an eguimolar 15 to

thirty-fold yrelanamawny, and marepiefesakly in aneguimelardedifteensfold malariamountrelative to
the ketone. When the ketone conversion is desired to be less than inn, the hydrogen amount may be

controlledJess than;theseguimolanameunt refative tothe ketane;la the inventiontherhydrogen reacts

with the 20 oxygen atom in the ketone to form water, and the water produced may be recovered from a

reactor oylet AR exsess of hydregen ever theketopg ispot substantially. gangumed as;long as
undesirable side reactions do not take place. [0041] SF-2210 14 The hydrogen gas is generally

supplied toa ricoptingously - hut-the supply-methqds areinot particulady limited thereto. Inan

embodiment, the hydrogen gas may be supplied intermittently such that the hydrogen is supplied at

the initiation of the, reaction and thesupply is,suspgnded durng dhe seaction and resfayted aftera
prescribed time. In the case of a liquid-phase reaction; the hydrogen gas may be supplied while being
dissolvedin a5IVEN- 102 [SAYCIR PIOCESSnter .
[0040]
The hydrogen reacted with the ketone in the invention may
10 be amolecular hydrogen gas or a hydrocarbon such as cyclohexane
that generates hydrogen when subjected to reaction conditions.
Theoretically, the hydrogen may be used at least in an equimolar
amount relative to the ketone. From the viewpoint of separation
and recovery, the hydrogen may be preferably used in an equimolar

15 to thirty-foldmolar amount, and more preferably in an equimolar

to fifteen-fold molar amount relative to the ketone. When the

o\

ketone conversion is desired to be less than 100

o+

he hydrogen

14

amount may be controlled less than the equimolar amount relative
to the ketone. 1In the invention, the hydrogen reacts with the

20 oxygen atom in the ketone to form water, 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 do not take place.

[0041]



hydrogen gas recovered from the column top together with 10 low-boiling fractions may be resupplied.
The pressure of the hydrogen supplied is generally equal to the pressure in the reactor, but may be
appropriatety- adjusted depending on the hydrogen supply methods. [0042] 15In the invention, the
reaction may be carried out by any methods unden any conditions without limitation. Exemplary
conditions and methods are described below. [0043] The contact between the starting materials, i.e.,
the 20 ketone and the hydrogen gas, may take place in a gas-liquid countercurrent flow or a gas-liquid

co-current flow. Thediquigtandsgas girectiensymay heidescending iquid/aseendingigas, ascending
liquid/descending gas, ascending liquid/ascending gas, or descending liquid/descending gas.

SF-2210 510044} sRehydration catalystssp1y B the inveationatdeast-one dehydration catalyst is
used which is selected from metal oxide catalysts containing at least one Group 6 (VI) element,

zeolites, alymiasand heterepoly asid salts i whichepart or all the groteas, injhetergpoly acids are
exchanged withmetal cations. The dehydration catalysts may be used singly, or two or more kinds

maybeUS@Qﬂ@PQ@H”@%@@EﬁQQ%@ntly such that the hydrogen is supplied at
5 the initiation of the reaction and the supply is suspended 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
10 low-boiling fractions may be resupplied. The pressure of the
hydrogen supplied is generally equal to the pressure in the
reactor, but may be appropriately adjusted depending on the
hydrogen supply methods.
[0042]
15 In the invention, the reaction may be carried out by any

methods under any conditions without limitation. Exemplary

The contact between the starting materials, i.e., the
20  ketone and the hydrogen gas, may take place in a gas-liquid
countercurrent flow or a gas—-liguid co-current flow. The liquid
and gas directions may be descending liguid/ascending gas,
ascending liquid/descending gas, ascending liquid/ascending

gas, or descending liquid/descending gas.



10The metal oxide catalysts containing at least one Group 6 (VIB) element include tungsten oxide and
molybdenum oxide. [0046] The zeolites that are inorganic crystalline porous compounds mainly
composed of siticon and aluminum are suitable 15 dehydration catalysts from the viewpoints of heat
resistance and acid strength. Suitable zeolites may9$e selected appropriately depending on the
molecular diameter of the alcohols which are considered as intermediates in the invention and the
target olefins. 20[0047] In detall, zeolites having an eight to sixteen-membered oxygen ring pore
are preferabbyiused. [0048] Examples of the zeolites having an eight to SF-2210 16
sixteen-membered oxygen ring pore include chabazite, erionite, ferrierite, heulandite, ZSM-5, ZSM-11,

ZSM-12, Ntk-87 qtheta-d nweinhergerite,. X-type zeolite, IT-type zeolite, USY-type zeolite, mordenite,
dealuminated mordenite, P-zeolite, MCM-22, MCM-36,
In the invention, at least one dehydration catalyst is used
which is selected frommetal oxide catalysts containing at least
5 one Group 6 (VIB) element, zeolites, aluminas and heteropoly
acid salts in which part or all the protons in heteropoly acids
are exchanged withmetal cations. The dehydration catalysts may
be used singly, or two or more kinds may be used in combination.
[0045]
10 The metal oxide catalysts containing at least one Group
6 (VIB) element include tungsten oxide and molybdenum oxide.
[00406]
The zeolites that are inorganic crystalline porous
compounds mainly composed of silicon and aluminum are suitable
15 dehydration catalysts from the viewpoints of heat resistance
and acid strength. Suitable zeolites may be’selected
appropriately depending on the molecular diameter of the
alcohols which are considered as intermediates in the invention
and the target olefins.
20 [0047]
In detail, zeolites having an eight to sixteen-membered
oxygen ring pore are preferably used.
[0048]

Examples of the zeolites having an eight to



MCM-56, gmelinite, offretite, cloverite, V]2I-5 and UTD-1. [0049] Of the zeolites, those having a
pore size approximately the same as the molecular diameter of the alcohols are preferable, and
zeolites havingrameight to twelve-membered oxygen ring pore 10 are more preferable. Examples of
the zeolites having an eight to twelve-membered xygen ring pore include chabazite, erionite, IT-type
zeolite, USY-type zeolite, mordenite, dealuminated mordenite, P-zeolite, MCM-22, MCM-56, ZSM-12
and ZSM-5. In the zeolites, the composition ratio between silicon and aluminum 15(silicon/aluminum)

is in the range ot 2/1:16:2Q0/1 sapd Ji view of @ctivity and-heatstability, preterably:ipthe Lange of 5/1 to

100/1. Further, isomorphrly substituted zeolites may be used in which aluminum atoms in the zeolite

skeleton atersubstituted with, othes metal stich as Gay Ti, Fe.,Mn-or B. 20[0950] « e tExamples of the
alumin.as include a-alumina and y-alumina. In particular, y-alumina is preferably used from the

viewpoints.of heat resistance,and,acid. strength,of the,dehydration catalyst {00511 SE-2210 17 In

the heteropoly acid salts used in the invention, part or all the protons in heteropoly acids are

exchange il metal caions, fiamishu. 2t |sasLArLof the prolons in heiesonoly agis aie exchanged

with metal cations. In a preferred embodiment, 5 at least one heteropoly acid is selected from

phosphotyngstic-acidy, siligoungstic.agid, phesphomalybdie.acid gad silicomelyidic acid. These
preferred heteropoly acids are obtainable in the industry. Preférred metal cations are alkali metal
cations a@g @L@Jine earth metal cations. The alkali

Of the zeolites, those having a pore size approximately
the same as themolecular diameter of the alcohols are preferable,
and zeolites having an eight to twelve-membered oxygen ring pore

10 are more preferable. Examples of the zeolites having an eight
to twelve-membered oxygen ring pore include chabazite, erionite,
Y-type zeolite, USY-type zeolite, mordenite, dealuminated
mordenite, B-zeolite, MCM-22, MCM-56, ZSM-12 and ZSM-5. 1In the
zeolites, the composition ratio between silicon and aluminum

15 (silicon/aluminum) is in the range of 2/1 to 200/1, and in view
of activity and heat stability, preferably in the range of 5/1
to 100/1. Further, isomor bstituted zeolites may be
used in which aluminum atoms in the zeolite skeleton are
substituted with other metal such as Ga, Ti, Fe, Mn or B.

20 [0050]

Examples of the aluminas include a-alumina and y-alumina.
In particular, y-alumina is preferably used from the viewpoints

of heat resistance and acid strength of the dehydration catalyst.

[0051]



10 metal cations are more preferable, and potassium cation and cesium cation are particularly
preferable. [0052] Examples of the heteropoly acid salts include potassium phosphotungstate,
potassium silieotuggstate, potassium 15 phosphomolybdate, potassium silicomolybdate, cesium
phosphotungstate, cesium silicotungstate, cesiumjphosphomolybdate and cesium silicomolybdate. In
these salts, at least part of the protons should be exchanged with the metal cations, and all the protons
may be exchanged with the metal 20cations. [0053] The heteropoly acid salt may be supported

on a carrier. Examplesif the carigrs include silica, @luminay titania, zircania, silica-alymina,
silica-titanic and silica-zirconia, SF-2210 18 with silica being particularly preferable. In a preferred

embodiment, the heteropoly agid saltis.suppgrted on silica..The Q_S%EQ{QH%QQP%Q SRltyay pe supported
on the carrier by known methods, for example by a method described in JP-A-H06-91171. [0054]

In a prefepred. embodiment; at least one dehydratien catalystis selected from;the,zeglites,7-alumina,

tungsten oxide, mofybdenum oxide and heteropoly acid salts in which part or all the protons in

heteropoly, acids, are_exchanged with. metal 10 cations. The heterapaly acid salts. are most preferable

because undesired sidé reactions such as aldoi condensation of ketone, olefin oligomerization and

olefinshydrqgenation areinfibited, [0050] The shape.ahthe delveration, catalysts s notpacticularly
acid, silicotungstic acid, phosphomolybdic acid and
silicomolybdic acid. These preferred heteropoly acids are
obtainable in the industry. Preferred metal cations are alkali
metal cations and alkaline earth metal cations. The alkali
10 metal cations are more preferable, and potassium cation and
cesium cation are particularly preferable.
[0052]
Examples of the heteropoly acid salts include potassium
phosphotungstate, potassium silicotungstate, potassium
15 phosphomolybdate, potassium silicomolybdate, cesium
phosphotungstate, cesium silicotungstate, cesium
phosphomolybdate and cesium silicomcolybdate. In these salts,
at least part of the protons should be exchanged with the metal
cations, and all the protons may be exchanged with the metal
20 cations.
[0053]
The heteropoly acid salt may be supported on a carrier.
Examples of the carriers include silica, alumina, titania,

zirconia, silica-alumina, silica-titania and silica-zirconia,



15 limited, and the dehydration catalysts may be in the form of sphere, cylindrical column, extrudate or
crushed patrticles. The size of the particles of the dehydration catalysts may be selected in the range of
0.01 mm t9-100 Tgepending on the size of a reactor. When the dehydration catalyst is supported on
the 20 carrier, the particle size of the supported catalyst is preferably in the above range. [0056]

The dehydration catalysts may be used singly, or two or more kinds may be used in combination.
SE-2210 19 [0057] (Silver-containing catalysts) The silver-containing catalysts in the invention

are not pgriicylady fimited as; long.as the Gatalysts contain siuers element gnd function as
hydrogenation catalysts. [0058] The silver-containing catalysts may be used singly, or two or
more kinds,may beysed incombination, J90591-10The silvercoptaining.catalystscatalyze the
The heteropoly acid salt may be supported on the carrier by known
methods, for example by a method described in JP~A—HO6—91171.
5 [0054]

In a preferred embodiment, at least one dehydration
catalyst is selected from the zeolites, y-alumina, tungsten
oxide, molybdenum oxide and heteropoly acid salts in which part
or all the protons in heteropoly acids are exchanged with metal

10 cations. The heteropoly acid salts are most preferable because
undesired side reactions such as aldol condensation of ketone,
olefin oligomerization and olefin hydrogenation are inhibited.
[0055]

The shape of the dehydration catalysts is not particularly

15 limited, and the dehydration catalysts may be in the form of
sphere, cylindrical column, extrudate or crushed particles.
The size of the particles of the dehydration catalysts may be
selected in the range of 0.01 mm to 100 mm depending on the size
of a reactor. When the dehydration catalyst is supported on the

20 carrier, the particle size of the supported catalyst is
preferably in the above range.

[0056]
The dehydration catalysts may be used singly, or two or

more kinds may be used in combination.



hydrogenation of ketones but substantially do not function as hydrogenation catalysts for olefins.
Accordingly, paraffins that are by-produced by hydrogenation of olefins may be reduced compared to
reactions catalyzed by, for example, 15 copper-containing hydrogenation catalysts. In the case where
the ketone is acetone, the production of by-produgtyropane may be suppressed by the use of the
silvor-containing catalyst. [0060] In a preferred embodiment, the silver-containing 20 catalysts further
contain at least one Group 13 (lllIA) element. The Group 13 (IlIA) elements include aluminum and
indium. In paytigylar, the silver-containing catalyst which further contains indium does not induce the
hydrogenation of the target olefins and thereby can reduce the by-production of paraffins SF-2210 20

more effegtiv !y 0—06111t o amplggpf thce ilver-containing catalysts include Ag20 (metal oxide),
AgCl (meﬁﬁ&lgédg)%ndar]ﬁ%%éclucsé%er cgr%pgznds 5 such as Cu-Ag. [0062] The silver-containing

catalyst may be syppotted.ana caiel Fxameles of e carriers incule s, pluping, silica alumina,

titania, magnesia, silica magnesia, zirconia, oxide, carbon, acid clay, diatomaceous earth and

oot ST A 290 AU SR 9 5 A, e s
5 element and function as hydrogenation catalysts.
[0058]
The silver-containing catalysts may be used singly, or two
or more kinds may be used in combination.
[0058]

10 The silver-containing catalysts catalyze the
hydrogenation of ketones but substantially do not function as
hydrogenation catalysts for olefins. Accordingly, paraffins
that are by-produced by hydrogenation of olefins may be reduced
compared to reactions catalyzed by, for example,

15 copper-containing hydrogenation catalysts. 1In the case where
the ketone is acetone, the production of by-product propane may

be suppressed by the use of the silver-containing catalyst.

In a preferred embodiment, the silver-containing
20 catalysts further contain at least one Group 13 (IIIA) element.
The Group 13 (IIIA) elements include aluminum and indium. In
particular, the silver-containing catalyst which further

contains indium does not induce the hydrogenation of the target

olefins and thereby can reduce the by-production of paraffins



[0063] 15The silver-containing catalyst may be supported on the carrier by soaking the carrier in an
adueous solution of silver nitrate or the like and calcining the carrier. Alternatively, silver may be
bonded with-amparganic molecule ligand to become soluble in organic solvents, and the carrier may be
soaked in 20 a solution of the silver-ligand complexgn an organic solvent and thereafter calcined.
Taking advantage of the characteristic that some of the complexes are vaporized under vacuum, such
complexes may be supported on the carrier by deposition or the like. Further, a copreclpitation method
may SF-Z21Q:21 becadopied in which the carrier is obtainedfroma corresponding metal salt in the
presence of silver which will form the hydrogenation catalyst and thereby the carrier synthesis and the
supporting @f the silver-containing catalyst are carried 5 out simultaneously. [0064] Commercially
available silver-containing catalysts include Ag-supporting silica catalysts and Ag-supporting alumina

catalysts. The silver-cgptainingrcatalysts may-he ysed 10:$inglys o twa 0f mare kinds Apay be used in
combination. [0065] The silver-containing catalysts which further contain at least one Group 13 (|

| 1A) elementmay be prepared by, forexample, stpporting a,Greup 13 (WA) element ondhe
silver-containing
5 such as Cu-Ag. |
[0062]

The silver-containing catalyst may be supported on a
carrier. Examples of the carriers include silica, alumina,
silica alumina, titania, magnesia, silica magnesia, zirconia,

10 zinc oxide, carbon, acid clay, diatomaceous earth and zeolite.
In a preferred embodiment, at least one carrier is selected from
silica, alumina, silica alumina, titania, magnesia, silica
magnesia, zirconia, zinc oxide and carbon.

[0063]

15 The silver-containing catalyst may be supported on the
carrier by soaking the carrier in an aqueous solution of silver
nitrate or the like and calcining the carrier. Alternatively,
silver may be bonded with an organic molecule ligand to become
soluble in organic solvents, and the carrier may be soaked in

20 a solution of the silver-ligand complex in an organic solvent
and thereafter calcined. Taking advantage of the
characteristic that some of the complexes are vaporized under

vacuum, such complexes may be supported on the carrier by

deposition or the like. Further, a coprecipitation method may



15catalyst. [0066] The silver-containing catalysts may achieva higher activity or selectivity by the
addition thereto of metal salts such as PbSO4, FeC12 and SnC12, alkali metals such as K and Na, 20
alkali metgksalts; or BaSO4. Such metal components maybe added as required. [0067] The shape of
the silver-containing catalysts is not SF 2210 22 be in the form of sphere, cylindrical column,
extrudate or crushed particles. The size of the particles of the silver-containingcatalystsmaybe
selected in the range of 0.01 mm to 100 mm depending on the size of a reactor. [0068] As

described-hereinabave,ithesilver-containing catalyst srayvbe-supported-on the dehydration catalyst.
For example, the silver-containing catalyst supported on the dehydration catalyst may be prepared by

soaking the dehydratien catalyst 10-i8amaguenusssalytion gfsilver pitrate 5 the fike and calcining the
dehydration catalyst. Alternatively, silver may be bonded with an organic molecule ligand to become

soluble inrerganigsoivents, and the dehydration.eatalyst may be seaked A thesis and
the supporting of the silver-containing catalyst are‘carried
5 out simultaneously.
[0064]

Commercially available silver-containing catalysts
include Ag-supporting silica catalysts and Ag-supporting
alumina catalysts. The silver-containing catalysts may be used

10  singly, or two or more kinds may be used in combination.
[0065]

The silver-containing catalysts which further contain at
least one Group 13 (IIIA) element may be preparedby, for example,
supporting a Group 13 (IIIA) element on the silver-containing

15 catalyst.

[0066]

The silver-containing catalysts may achieve higher
activity or selectivity by the addition thereto of metal salts
such as PbS0,, FeCl; and SnCl,, alkali metals such as K and Na,

20 alkali metal salts, or BaSO;. Suchmetal components may be added
as required.

[0067]

The shape of the silver-containing catalysts is not

particularly limited, and the silver-containing catalysts may



solution of the silver-ligand complex in an organic solvent and 15 thereafter calcined. Taking
advantage of the characteristic that some of the complexes are vaporized under vacuum, such
complexesgmay beg supported on the dehydration catalyst by deposition or the like. Further, a
coprecipitation method may be adopted in which the dehydration catalyst is obtained from 20 a
corresponding metal salt in the presence of silver which will form the silver-containing catalyst and
thereby the carrier synthesis and the supporting of the silver-containing catalyst are carried out

simultanesuislyr [Q069] fSFR236 231 be seaction: temperature i the.invention isnet particularly
limited, but is preferably in the range of 50 to 500C, and more preferably 60 to 400C. The reaction

pressure is-preferablydnithe range of0:1 to 5@0 atm-ard mare prefecally 50.2 to 100 atm. [0070]
The amount of the catalysts is not particularly limited in the invention. In an embodiment in which the

reaction ig petrformed in a fixed bed flow apparatuspthe catalyst @meWte range of 0.01
mm to 100 mm depending on the size of a reactor.
5 [0068]

As described hereinabove, the silver-containing catalyst
may be supported on the dehydration catalyst. For example, the
silver-containing catalyst supported on the dehydration
catalyst may be prepared by soaking the dehydration catalyst

10 inan aqueous solution of silver nitrate or the 1like and calcining
the dehydration catalyst. Alternatively, silver may be bonded
with an organic molecule ligand to become soluble in organic
solvents, and the dehydration catalyst may be scaked in a
solution of the silver-ligand complex in an organic solvent and

15 thereafter calcined. Taking advantage of the characteristic
that some of the complexes are vaporized under vacuum, such
complexes may b
deposition or the like. Further, a coprecipitation method may
be adopted in which the dehydration catalyst is obtained from

20 a corresponding metal salt in the presence of silver which will
form the silver-containing catalyst and thereby the carrier
synthesis and the supporting of the silver-containing catalyst

are carried out simultaneously.

[0069]



10 may be such that the supply amount (weight) of the starting material (ketone) per hour divided by
the catalyst weight (the total weight of the silver-containing catalyst and the dehydration catalyst),
namely, the~wejght hourly space velocity (WHSV) is preferably in the range of 0.01 to 200 /h, and more
15 preferably 0.02 to 100 /h. [0071] The weight ratio of the dehydration catalyst and the
silver-containing catalyst is not particularly limited, but the dehydration catalyst: silver-containing
catalyst (weight ratio) 20is usually in the range of 1:0.01 to 1:100, and preferably 1:0.05 to 1:50. An

excessively smallweightratioof the depydration catalystiesults; inipsutficient dehydration reaction
and low yield of olefins, causing economic disadvantages. An excessively large weight ratio of the

dehydratign: eatalyst gan, SF+221Q:24 bewneconomiealbecause therketone ganversion isjowered.
[0072] In the case where the reaction is performed in a fixed bed reactor, the packing mode of the

dehydration gatalystand.ie-Ssilver-confaining catalysiomay greatly affect the reaction results. As

described hereinabove, the hydrogenation reaction and the dehydration reaction probably take place

stepwise ins the dnvention, Accardingly nthe catalysts are prefarably, packed in the appropriate order
suited for the reactions in order
5 0.5 to 100 atm.
[0070]

The amount of the catalysts is not particularly limited
in the invention. In an embodiment in which the reaction is
performed in a fixed bed flow apparatus, the catalyst amount

10 may be such that the supply amount (weight) of the starting
material (ketone) per hour divided by the catalyst weight (the
total weight of the silver-containing catalyst and the
dehydration catalyst), namely, the weight hourly space velocity
(WHSV) 1is preferably in the range of 0.01 to 200 /h, and more

15 preferably 0.02 to 100 /h.

[0071]

silver-containing catalyst is not particularly limited, but the
dehydration catalyst:silver-containing catalyst (weight ratio)

20 diswusually in the range of 1:0.01 to 1:100, and preferably 1:0.05
to 1:50. An excessively small weight ratio of the dehydration
catalyst results in insufficient dehydration reaction and low
yield of olefins, causing economic disadvantages. An

excessively large weight ratio of the dehydration catalyst can



10 to catalyze the reactions effectively and prevent undesired side-reactions. [0073] In particular,
increasing the hydrogen pressure or the reaction temperature to accelerate the reaction rate usually
15 involvesruridesired_ side-reactions that are not observed at low hydrogen pressure or low reaction
temperature. In such cases, the reaction results can he greatly influenced by the catalyst packing
manner. [0074] 20For example, the catalysts may be packed in the appropriate order suited for the
reactions in a manner such that: (1) the dehydration catalyst and the silver-containing catalyst are
mixed togetherrandothenmixtirelis packed tmthekeactos; (2)the sibver-containing=catalyst forms a layer
(on the upstream SF-2210 25 side) and the dehydration catalyst forms a layer (on the downstream
side); (3) theodehydration catalyst supporting the silver-containing catalyst is packed in the reactor; (4)
the silver-containing catalyst forms a layer (on the upstream side), 5 and the dehydration catalyst and

the silver-containing eatalyst segetherdormea fayer (9B the downstraam side) o(S) the silvercontaining
catalyst forms a layer (on the upstream side), and the dehydration catalyst supporting the
silver-containingafalystiosmsia layandor the downsieagrside) d6) M a1yst and the
5 silver-containing catalyst may greatly affect the reaction
results. As described hereinabove, the hydrogenation reaction
and the dehydration reaction probably take place stepwise in
the invention. Accordingly, the catalysts are preferably
packed:hit&maappropriate«3rder‘suited:&mrthe reactions in order
10 to catalyze the reactions effectively and prevent undesired
side-reactions.
[0073]
In particular, increasing the hydrogen pressure or the
reaction temperature to accelerate the reaction rate usually
15 involves undesired side-reactions that are not observed at low
hydrogen pressure or low reaction temperature. In such cases,
the réaction results can be greatly influenced by the catalyst
packing manner.
[0074]
20 For example, the catalysts may be packed in the appropriate
order suited for the reactions in a manner such that: (1) the
dehydration catalyst and the silver-containing catalyst are

mixed together and the mixture is packed in the reactor; (2)

the silver-containing catalyst forms a layer (on the upstream



10 dehydration catalyst and the silver-containing catalyst together forma layer (on the upstream side)
and the dehydration catalyst forms a layer (on the downstream side); or (7) the dehydration catalyst
supporting the silwer-containing catalyst forms a layer (on the upstream side) and the dehydration
catalyst 15 forms a layer (on the downstream. side); Here, the term upstream 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 dbis 20\teramindigatesithat the. materals are passed through the layerinethe last half of the
reaction. In an embodiment of the reaction in which the ketone and hydrogen are contacted in a

gas-liquidomnteredrrentiow,) the inletiside @f thesreactorindicates, an inlebfos intreducing the ketone.
SF-2210 26 [0075] In an embodiment for carrying out the invention, the reaction may be carried

out in a diluted £eaction:systemby-supplying a;solyentiar a gas that is-inerttg,the cafalysfs and 5 the

reaction materials. [0076] The reaction may be performed by a b_atgh process, a semi-batch
process of geantinugus flowprgcess. The reaction phage may be aliquidphase, a gas phase or a

gas-liquid mixed 10 phase. The catalyst packing modes include fixed bed systems, fluidized bed

systems, suspe ﬂ@eg&%%é?@%@ﬁ %@‘% Qllﬂl@aﬁ?of i{%% %dl%@@@&lwi? X 1 ng catalyst

together form a layer (on the downstream side); (5) the
silver-containing catalyst forms a layer (on the upstream side),
and the dehydration catalyst supporting the silver-containing
catalyst forms a layer (on the downstream side); (6) the
10 dehydration catalyst and the silver-containing catalyst
together form a layer (on the upstream side) and the dehydration
catalyst forms a layer (on the downstream side); or (7) the
dehydration catalyst supporting the silver-containing catalyst
forms a layer (on the upstream side) and the dehydration catalyst
15 forms a layer (on the downstream side). Here, the term upstream
side means an inlet side of the reactor, in other words, this
ting 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
20 term indicates that the materials are passed through the layer
in the last half of the reaction. In an embodiment of the
reaction in which the ketone and hydrogen are contacted in a
gas—liquid countercurrent flow, the inlet side of the reactor

indicates an inlet for introducing the ketone.



In the invention, the dehydration catalyst and the 15 silver-containing catalyst maybe dehydrated by
known methods. In the case of fixed bed reaction system, the dehydration cacclayac and the
silver-containipg 1 catalyst may be dehydrated by being held at a temperature of 300C or above for at
least 10 minutes while passing an inert gas such assnitrogen or helium 20 through the reactor packed
with the catalysts. To develop the activity of the silver-containing catalyst, the dehydration treatment
may be followed by a treatment under a stream of hydrogen. [0078] SF-2210 27 In the event that
the catalysactivity is lowered after a time of reaction, the dehydration catalyst and the
silver-containing catalyst may be regenerated by known methods to recover the activity. 5[0079]

To maintain the yietd eaholefins dwerdhree-reactorginay bewarrangedinparaliel fo adept a
merry-go-round system in which the catalysts in one reactor are regenerated while the reaction is

continuously-cartied odtin the remaining anerorit0 tweikgacters. YWhen thenpregessinvelves three
reactors, two of these reactors may be connected in series to stabilize the production output. When the

reaction is;garsiediout in aHuidized bed floyw keaction systeme ot in 8 mpNingbed yeadtiomsystem, part
or the whole of the catalysts may be withdrawn from 15 the reactor continuously or intermittently while
a coreesponding amauryof the eatalysts is newly added to maintain the activity at a constant level.
EXAMPLES

[0076]

The reaction may be performed by a batch process, a
semi-batch process or a continuous flow process. The reaction
phase may be a liquid phase, a gas phase or a gas-liquid mixed

10 phase. The catalyst packing modes include fixed bed systems,
fluidized bed systems, suspended bed systems and multistage
fixed bed systems.

[0077]

In the invention, the dehydration catalyst and the

15 silver-containing catalyst may be dehydrated by known methods.
In the case of fixed bed reaction system, the dehydration
catalyst and the silver-containing catalyst may be dehydrated
by being held at a temperature of 300°C or above for at least
10 minutes while passing an inert gas such as nitrogen or helium

20  through the reactor packed with the catalysts. To develop the
activity of the silver-containing catalyst, the dehydration
treatment may be followed by a treatment under a stream of
hydrogen.

[0078]



20[0080] The present invention will be described in greater detail by presenting examples without
limiting the scope of the invention. [0081] SF-2210 28 [Production Example 1] A 300 ml pear
shaped flask-wdd éharged with 50.0 g of silica gel (Wakogel C-100, manufactured by Wako Pure
Chemical Industries, Ltd.), 4.77 g of silver lactate &/5 hydrate) and 5 100 ml of ion exchange water.
These materials were mixed together using a rotary evaporator at room temperature for 1 hour. Water
was distilled away at a reduced pressure of 20 mm Kg at 40 to 50C. Thus, silver was supported on the
silica gel. The silver-supportiifg Silicadel Wes sabjeétedtoaetieticny 10tréamrertdnavHietr the
temperature was increased stepwise from 100C to 300C in 5 hours under a stream of hydrogen. As a
result, 52% ¢§ bfblack 596 Agisilica catafyst asbbtained. The 5% Alg/silica tatalyst was sieved to 250
to 500 [0082] 15[Example 1] A fixed bed reaction apparatus was used which was equipped with a
high-pressdrevfeed pumip, iahigh-press s hydragére AR g fleneacentrolie i mchigheprelssalre nitrogen
mass flow controller, an electric furnace, a reactor having a catalyst-packing part,
to recover the activity.
5 [0079]
To maintain the yield of olefins, two or three reactors
may be arranged in parallel to adopt a merry-go-round system
in which the catalysts in one reactor are regenerated while the
reaction 1s continuously carried out in the remaining one or
10 two reactors. When the process involves three reactors, two of
these reactors may be connected in series to stabilize the
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
15 the reactor continuouslyor intermittently while a corresponding

amount of the catalysts is newly added to maintain the activity

at a constant level.

EXAMPLES
20 [0080]
The present invention will be described in greater detail
by presenting examples without limiting the scope of the

invention.

[0081]



20 and a back pressure valve. A pressurized liquid-phase downflow reaction was carried out in the
reaction apparatus. [0083] The reactor was a SUS 316 reactor having an inner diameter SF-2210 29
km) from Broduction Example 1 in an amount of 6.0 g was mixed with 0.6 g-of ii-zeolite (manufactured
by JGC Catalysts and Chemicals Ltd., compactedzat 20 MPa and classified to 250 to 500 km). The

mixture was packed in the reactor from the outlet 5 side to form a catalyst layer. [0084] The
pressure was increased to 3. 0 MPa with hydrogen. Under a stream of hydrogen at 12 ml/min, acetone
was passéd frotu theiintet sidenpfithe rgactor at a rate of 0.30 g/h at 180C. 10[0085] Nitrogen was

introduced at 50 ml/min in the middle between the reactor outlet and the back pressure valve through
the high-pressuremitimgen mass flons eentrollers GEa(@ gas cheemategraph)was loeatedda the line
downstream from the back 15 pressure valve, and the reaction products were quantitatively
determinegkanlines Ihgseactiaroresults ane set fordrinckabte Lo Prepydene wasqroduced ndurPri with
good selectivity as shown in Table 1.
Industries, Ltd.), 4.77 g of silver lactate (0.5 hydrate) and
5 100 ml of ion exchange water. These materials were mixed
together using a rotary evaporator at room temperature for 1
hour. Water was distilled away at a reduced pressure of 20 mm
Hg at 40 to 50°C. Thus, silver was supported on the silica gel.
The silver-supporting silica gel was subjected to reduction
10 treatment in which the temperature was increased stepwise from
100°C to 300°C in 5 hours under a stream of hydrogen. As aresult,
52.5 g of black 5% Ag/silica catalyst was obtained. The 5%
Ag/silica catalyst was éieved to 250 to 500 um.
[0082]
15 [Example 1]
A fixed bed reaction apparatus was used 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 having a catalyst-packing part,
20 and a back pressure valve. A pressurized liquid-phase downflow
reaction was carried out in the reaction apparatus.
[0083]

The reactor was a SUS 316 reactor having an inner diameter

of 1 cm. The 5% Ag/silica catalyst (classified to 250 to 500



[0086] 20[Production Example 2] A 300 ml pear shaped flask was charged with 29.1 g of the 5%
Ag/silica catalyst from Production Example 1, 0.43 g of indium nitrate trihydrate and 100 ml of ion
exchangeswater1 These materials were mixed together using a rotary evaporator at room SF-2210 30
temperature for 1 hour. Water was distilled away atea reduced pressure of 20 mm Hg at 40 to 50C.
Thus, indium nitrate was supported on the 5% Ag/silica catalyst. The indium-supporting 5% Ag/stlica
catalyst was subjected to reduction treatment in 5 which the temperature was increased stepwise from

100C to 300C in-3hoprsunderiastreaan@fihydroganaAs adesull, 23.24 of hlagkH%:Ag:8.5% in/silica
catalyst was obtained. The 5% Ag-0.5% In/silica catalyst was sieved to 250 to 500 wit. [0087]

10[Example 2] Reactign waspperfermed:in thersame manneras indxample 1 1..except that the 5%
Ag/silica catalyst was replaced by the 5% Ag-0.5% In/silica catalyst from Production Example 2, and

the hydrogen:flovarate wias.increased drosa 12ambmintes22 mal/naina 4 5[00884 The reacticnoresults are
set forth in Table 1. Propylene

500 pm) . The mixture was packed in the reactor from the outlet
5 side to form a catalyst layer.
[0084]

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

10 [0085]

Nitrogen was introduced at 50 m1/min in the middle between
the reactor outlet and the back pressure valve through the
high-pressure nitrogen mass flow controller. GC (a gas
chromatograph) was located in the line downstream from the back

15 pressure valve, and the reaction products were quantitatively
determined online. The reaction results are set forth in Table

roduced with good selectivity as shown in
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20 [Production Example 2]
A 300 ml pear shaped flask was charged with 29.1 g of the
5% Ag/silica catalyst from Production Example 1, 0.43 g of indium
nitrate trihydrate and 100 ml of ion exchange water. These’

materials were mixed together using a rotary evaporator at room



R produced with good selectivity as shown in Table 1. [0089] [Example 3] 20Reaction was performed
in the same manner as in Example 2, except that the reaction temperature was increased from 180C
to 240C. [909Qp BF-2210 31 was produced with good selectivity as shown in Table 1. [0091] [Example
4] Reaction was performed in the same manher as in Example 5 2, except that the reaction
temperature was increasedfrom180C to 280C. [0092] The reaction results are set forth in Table 1.
Propylene was produced with good selectivity as shown in Table 1. 10[0093]
temperature for 1 hour. Water was distilled away at a reduced
pressure of 20 mm Hg at 40 to 50°C. Thus, indium nitrate was
supported on the 5% Ag/silica catalyst. The indium-supporting
5% Ag/silica catalyst was subjected to reduction treatment in
5 which the temperature was increased stepwise from 100°C to 300°C
in 3 hours under a stream of hydrogen. As a result, 29.2 g of
black 5% Ag-0.5% In/silica catalyst was obtained. The 5%
Ag-0.5% In/silica catalyst was sieved to 250 to 500 um.
[0087]
10 [Example 2]
Reaction was performed in the same manner as in Example
1, except that the 5% Ag/silica catalyst was replaced by the
5% Ag-0.5% In/silica catalyst from Production Example 2, and
the hydrogen flow rate was increased from 12 ml/min to 22 ml/min.
15 [0088]
The reaction results are set forth in Table 1. Propylene
was produced with good selectivity as shown in Table 1.
[0089]
[Example 3]
20 Reaction was performed in the same manner as in Example
2, except that the reaction temperature was increased from 180°C
to 240°C.

[0080]

The reaction results are set forth in Table 1. Propylene



[Example 5] Reaction was performed in the same manner as in Example 4, except that 0.6 g of
the P-zeolite was replaced by 1.0 g of 7-alumina (N611N manufactured by JGC CORPORATION,
compactedfatZl’520 MPa and classified to 250 to 500 mm). [0094] The reaction results are set
forth in Table I. Propylene was produced with goodiselectivity as shown in Table 1. [0095] 20[Table 1]
SE-2210 33 [0096] [Example 6] A fixed bed reaction apparatus was used which was equipped

with a high-pressure feed pump, a high-pressure hydrogen mass
was produced with good selectivity as shown in Table 1.

[0091]

[Example 4]

Reaction was performed in the same manner as in Example

5 2, except that the reaction temperature was increased from 180°C

to 280°C.

[0082]

The reaction results are set forth in Table 1. Propylene
was produced with good selectivity as shown in Table 1.
10 [0093]
[Example 5]
Reaction was performed in the same manner as in Example
4, except that 0.6 g of the P-zeolite was replaced by 1.0 g of
y—alumina (N611N manufactured by JGC CORPORATION, compacted at
15 20 MPa and classified to 250 to 500 pm).

[0094]

The reaction results are set forth in Table 1. Propylene
was produced with good selectivity as shown in Table 1.
[0095]

20 [Table 1]



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 pressurized liquid-phase downflow reaction was
carried out in the reaction apparatus. [0097] 10The reactor was a SUS 316 reactor having an inner
diameter of 1 cm. The 5% Ag-0.5% In/silica catalyst (classified to 250 to 500 km) from Production

Example 2 in a]n amount of 8.0 g was packed through the outlet of the reactor to form an upstream
catalyst layer. —lmheg, aQr@ @r‘(\%} 0f 3.0 g of the hydrogenation 15 catalyst and 1.0 g of tungsten oxide
(W03) was pack%d tasfo rm d downstream catalyst layer. [0098] The pressure was increased to 3.
0 MPa with hydrogen-—Unrdera-stream of hydrogen at 22 mi/min, acetone was passed from the 20inlet
side of the reactdr agaL rate of 0.80 g/h at 300C. [0099] Nitrogenwasintroducedat50mi/minin
themiddlebetwae;n':n Ihediegetpr oytlet and the back pressure valve through the high-pressure nitrogen
mass flow contraflersAgas’|SF22(10 34 chromatograph was located in the line downstream from the
back pressure vajve, and the reaction products were quantitatively determined_ online. The reaction
results are set Tofth in laibie 2| Arapylene was produced with good selectivity as shown in Table 2.
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[0100] [Example 1] (Production of dehydration catalyst) H0.5K2.5PW12040 (potassium
phosphotungstate in which the 10 hydrogen atoms in the phosphotungstic acid were partially
exchangegrwith potassium) in an amount of 2.0 g was added to 15 ml of ethanol, and themixture was
stirred at 40C for 1 hour. Subsequently, 6.9 g of tejraethoxysilane was added thereto dropwise and the
mixture was stirred at 40C for 1 hour. Further, 15 3.0 g of water was added thereto and the mixture
was stirred at 80C for 24 hours. The resultant sol was evaporated to dryness, and the solid obtained
was addedp dg avater at 80C, followed by stirring for 15 hours. The solid was filtered, washed with
water, dried and calcined at 300C to afford a dehydration catalyst 20 in which H0.51<2.5 PW12040
was supporedensilica in a weight ratio of 1:1. [0101] (Reaction) Reaction was performed in the same
manner as in Example SF-2210 6, except that the tungsten oxide (WO03) was replaced by 1.0 g of the

above dehydration eatalyst{inwhich. 110:5K25PW12040 was suppgrted-op.silica), The sgaction
results are set forth in Table 2. Propylene was produced with good selectivity as shown 5in Table 2.

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 pressurized ligquid-phase downflow

reaction was carried out in the reaction apparatus.

[0097]

10 The reactor was a SUS 316 reactor having an inner diameter
of 1 cm. The 5% Ag-0.5% In/silica catalyst (classified to 250
to 500 pm) from Production Example 2 in an amount of 3.0 g was
packed through the outlet of the reactor to form an upstream
catalyst layer. Further, amixture of 3.0 gof the hydrogenation

15 catalyst and 1.0 g of tungsten oxide (WO3) was packed to form
a downstream catalyst layer.

[0098]
The pressure was increased to 3.0 MPa with hydrogen. Under
a stream of hydrogen at 22 ml/min, acetone was passed from the

20 inlet side of the reactor at a rate of 0.30 g/h at 300°C.
[0099]

Nitrogen was introduced at 50 ml/min in the middle between

the reactor outlet and the back pressure valve through the

high-pressure nitrogen mass flow controller. A gas



[0102] [Example 8] (Production of dehydration catalyst) A dehydration catalyst in which K38W12040
was supported on 10 silica in a weight ratio of 1:1 was prepared in the same manner as in Example 7,
except thatiH0.5:1K2.5PW12040 (potassium phosphotungstate in which the hydrogen atoms in the
phosphotungstic acid were partially exchanged withypotassium) was replaced by K3 PW12040
(potassium phosphotungstate in which 15 all the hydrogen atoms in the phosphotungstic acid were
exchanged with potassium). [010R] (Reaction) Reaction was performed in the same manner as in
Example 206,@xceptthat the sungsten oxite QM3 was eeplaced by ds@ gretthecakoye dehydration

catalyst (in which K3KW12040 Was supported on silica). The reaction results are set forth in Table 2.
Propylene-was preduced with good selectivibras showndadable €e &) @antitatively
determined online. The reaction results are set forth in Table
2. Propylene was produced with good selectivity as shown in
5 Table 2.
[0100]
[Example 7]
(Production of dehydration catalyst)
Hp.5K2.5PW12049 (potassium phosphotungstate in which the
10 hydrogen atoms in the phosphotungstic acid were partially
exchanged with potassium) in an amount of 2.0 g was added to
15 ml of ethanol, and the mixture was stirred at 40°C for 1 hour.
Subsequently, 6.9 g of tetraethoxysilane was added thereto
dropwise and themixture was stirredat 40°C for 1 hour. Further,
15 3.0 g of water was added thereto and the mixture was stirred
at 80°C for 24 hours. The resultant sol was evaporated to dryness,
and the solid obtained was added to water at 80°C, followed by
stirring for 15 hours. The solidwas filtered, washedwith water,
dried and calcined at 300°C to afford a dehydration catalyst
20 in which Hp.sKz.5PWi,040 was supported on silica in a weight ratio
of 1:1.
[0101]

(Reaction)

Reaction was performed in the same manner as in Example



ciit,Q rtioE-5(a U) SF-2210 37 [0105] [Example 9] (Production of isopropyl alcohol and acetone)
Isopropyl alcohol was produced using isopropyl 5 alcohol-producing Escherichia coli bacteria
(Eschericbim-coliipGAP-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 all made of 10 glass. The culture tank and
the trap tank each had a capacity of 3 L. The trap tank contained 1.8 L of water as trap liquid (trap
water). The trapavater had beenccooled;to-0Co0106] Anwastetuberwas attaghed ta the gulture tank,
and the
of the above dehydration catalyst (in which Hg 5K; 5PW1:049 was
supported on silica). The reaction results are set forth in
Table 2. Propylene was produced with good selectivity as shown
5 in Table 2.
[0102]
[Example 8]
(Production of dehydration catalyst)
A dehydration catalyst in which K3PW;,040 was supported on
10 silica in a weight ratio of 1:1 was prepared in the same manner
as in Example 7, except that Hg 5K, 5PW31,040 (potassium
phosphbtungstate in which the hydrogen atoms in the
phosphotungstic acid were partially exchanged with potassium)
was replaced by K3PWi:;040 (potassium phosphotungstate in which
15 all the hydrogen atoms in the phosphotungstic acid were exchanged
with potassium).
[0103]
(Reaction)
Reaction was performed in the same manner as in Example
20 6, except that the tungsten oxide (WO3;) was replaced by 1.0 g
of the above dehydration catalyst (in which K3PWi,040 was
supported on silica). The reaction results are set forth in

Table 2. Propylene was produced with good selectivity as shown

in Table 2.



15 increase of the culture liquid by the feed of sugars or neutralizers was controlled by appropriately
discharging the culture liquid from the culture tank. [0107] The pGAP-laaa/B strain was inoculated in a
100 mL conical 20 flask that contained 25 mL of LB Broth, Miller culture liquid (Difco 244620)

containing 50 1.g/mL of icillin, and was pre-cultuied overnight with stirring at 120 rpm and a culture
temperature of 35C. The Wwhole pmount of the culture liquid was transferred to the 3 5 culture tank
(fermentor BMS-PI SF-2 210?8 fhanutactured by ABLE & Biott Co., Ltd.) that contained 1475 g of a
culture medium having the compositjon below. The culture liquid was cultured with aeration at 1.5
L/min at atmospheric pressure, a stitring speed of 550 rpm, a culture temperature of 35C and pH of
7.0 (adjusted with an aquedus NHB solution). A 45 wt/wt% aqueous glucose solution was added at 7.5
g/L/h for 8 hours from the iniﬁa@i@m ofthe culture. Afterward, the 45 wt/wt% aqueous glucose solution
was added at 15 g/L/h. Thg trap water after 130 hours after the culture initiation was analyzed 10 by
GC and was found to contgja; 1.6 wt% of acetone and 5.6 wt% of isopropyl alcohol. [0108] Culture
medium composition) o Corrsteep liquor (NIHON SHOKUHIN KAKO CO., LTD.): 20 g/L
15Fe2S04.7H20: 0.09 g/LEKZ(‘:} PO4: 2 g/L KH2PO4: 2 g/Ti
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MgSO4-7H20: 2 g/L (NH4)2S04: 2 g/L 20ADEKA NOL LG126 (ADEKA CORPORATION): 0.6 g/L
Water: balance (Production of propylene) The agueous solution containing isopropyl alcohol and
acetone (the-trap water after 130 hours from the culture SF-2210 39 initiation) was distilled to
concentrate isopropyl alcohol and acetone. [0109RIn detail, 1947.0 g of the aqueous solution was
passed at 5 500 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 distilled at normal pressure to separate fractions having a boiling point of 53 to
81.6C. Gas chromatography showed that
[Example 9]
(Production of isopropyl alcohol and acetone)
Isopropyl alcohol was produced using isopropyl
5 alcohol-producing Escherichia coli 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 WO
2009/008377 was used. A culture tank, a trap tank, an injection
tube, a connection tube and a discharge tube were all made of
10 glass. The culture tank and the trap tank each had a capacity
of 3 L. The trap tank contained 1.8 L of water as trap liguid
(trap water). The trap water had been cooled to 10°C.
[0106]
A waste tube was attached to the culture tank, and the
15 increase of the culture liquid by the feed of sugars or
neutralizers was controlled by appropriately discharging the
culture ligquid from the culture tank.
[0107]
The pGAP-TIaaa/B strain was inoculated in a 100 mL conical
20 flask that contained 25 mL of LB Broth, Miller culture liquid
(Difco 244620) containing 50 pg/mL of ampicillin, and was
pre-cultured overnight with stirring at 120 rpm and a culture

temperature of 35°C. The whole amount of the culture liquid was

transferred to the 3 L culture tank (fermentor BMS-PI



10 the fractions contained 22.6 wt% of acetone, 58.7 wt% of isopropyl alcohol and a balance of water.
[0110] Reaction was carried out in the same manner as in Example 8, except that acetone was
replaced by thiwaliove mixture liquid 15 containing isopropyl alcohol, acetone and water, and the
amount of the K3 PW12040-silica catalyst was incteased from 1.0 g to 1.5 g. The reaction rnllltg re
set forth in Table 3. Propylene was produced with good selectivity as shown in Table 3. [0111]
20[Table 3] SF-221041 [0112] In Tables 1 to 3, the reaction time indicates the length of time
from the initiatidia of thesrédctionzfter wiich the ceactiontresults {acetona conversion, selectivity) were
obtained. In detail, Table 1 shows that the reaction results were obtained after 80 hours after the
initiation afthe reattion;canddables2 and3 shewdbattheireactiongesults wete determined after 100
hours after the initiation of the reaction. 10 INDUSTRIAL APPLICABIL Y
liguid was cultured with aeration at 1.5 L/min at atmospheric
pressure, a stirring speed of 550 rpm, a culture temperature
5 of 35°C and pH of 7.0 (adjusted with an aqueous NH; solution).
A 45 wt/wt® aqueous glucose 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 solution was added at 15 g/L/h. The trap
water after 130 hours after the culture initiation was analyzed
10 by GC and was found to contain 1.6 wt% of acetone and 5.6 wt$%
of isopropyl alcohol.
[0108]
(Culture medium composition)

Corn steep liquor (NIHON SHOKUHIN KAKO CO., LTD.): 20 g/L

15 F92304'7H202 0.09 g/L

MgSO4- 7TH,0: 2 g/L
(NHq) 2804: 2 g/L
20 ADEKA NOL LG126 (ADEKA CORPORATION): 0.6 g/L
Water: balance
(Production of propylene)
The aqueous solution containing isopropyl alcohol and

acetone (the trap water after 130 hours from the culture



[0113] According to the present invention, a ketone and hydrogen are reacted directly in a single
reaction step to yield an olefin with high selectivity. The processes of the invention thus 15 provide
industrial gnd practical advantages. By the processes of the invention, propylene can be obtained
directly from acetone that s by-produced in the praduction of phenols by the curnene process.
SF-2210 42 CLAIMS 1. An olefin production process comprising reacting a ketone and hydrogen
in the presence of at least one dehydration 5 catalyst and a silver-containing catalyst, the at least one

dehydration catadyst being selected from:metal exide-catalysts ceigining at ieastone Greup 6 (VIB)
element, zeolites, aluminas and heteropoly acid salts in which part or all the protons in heteropoly
acids are gxehanged with metal cations. 10 2. The olefin production process according to claim 1,
wherein the silver-containing catalyst further contains at least one Group 13 (IITA) element. 153.The
olefin produatipmprocess according to claim 1, wherein the dehydration catalyst is at least one
dehydration catalyst selected from zeolites, y-aluminas, tungsten oxide, molybdenum oxide and

het_eropozls(/) acid salfs in-which, pad of all thespratans dr hetarapoly agids arg exchanged with metal
cations.

5 500 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 liquid was
distilled at normal pressure to separate fractions having a
boiling point of 53 to 81.6°C. Gas chromatography showed that

10 the fractions contained 22.6 wt% of acetone, 58.7 wt% of
isopropyl alcohol and a balance of water.
[0110]
Reaction was carried out in the same manner as in Example
8, except that acetone was replaced by the above mixture liquid
15 containing isopropyl alcohol, acetone and water, and the amount
of the K3zPW;2049-silica catalyst was increased from 1.0 g to 1.5
g. The reaction results are set forth in Table 3. Propylene
was produced with good selectivity as shown in Table 3.
[0111]

20 [Table 3]



4.The olefin production process according to any one of claims 1 to 3, wherein the ketone is acetone
and the olefin is propylene. SF-2210 43 5.The olefin production process according to claim. 1,
wherein the heteropoly acid is at least one heteropoly acid selected from phosphotungstic acid,

silicotungstic agid,-phoesphomolybdic acid and silicomolybdic acid. 5 6. The olefin production
process according to|claim 1, wherein the heteropoly acid salt is supported on silica. 7. The
olefin production p@c@ss according to claim 1, 10 wherein the reaction temperature in the reaction is
in the range of|50 & $00C. 8. The olefin production process according to claim 1, wherein the
reaction is catalyzed-pyla mixture of the dehydration 15 catalyst and the silver-containing catalyst.
9. The oIefinprquii:tLonprocess according to claim 1, wherein the ketone is acetone obtained with an
isopropyl alcok@ reducing bacterium that produces isopropyl alcohol and 20 acetone from a
plant-derived matérial;'and the olefin is propylene.
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Acetone
conversion
(%)

9

Hydrogen/acetone
(molar ratio)
11

Reaction
temperature
300°C

100 h

isopropanol
diisopropyl ether

Reaction
time

SF-2210
Table 3
Ex. 9
IPA =
DIPE =




10

15

SF-2210
41

[0112]

In Tables 1 to 3, the reaction time indicates the length
of time from the initiation of the reaction after which the
reaction results (acetone conversion, selectivity) were
obtained. 1In detail, Table 1 shows that the reaction results
were obtained after 80 hours after the initiation of the reaction,
and Tables 2 and 3 show that the reaction results were determined

after 100 hours after the initiation of the reaction.

INDUSTRIAL APPLICABILITY
[0113]

According to the present invention, a ketone and hydrogen
are reacted directly in a single reaction step to yield an olefin
with High selectivity. The processes of the invention thus
provide industrial and practical advantages. By the processes
of the invention, propylene can be obtained directly fromacetone
that is by-produced in the production of phenols by the cumene

process.
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CLATIMS

1. An olefin production process comprising reacting a
ketone and hydrogen in the presence of at least one dehydration
catalyst and a silver-containing catalyst, the at least one
dehydration catalyst being selected from metal oxide catalysts
containing at least one Group 6 (VIB) element, zeolites, aluminas
and heteropoly acid salts in which part or all the protons in

heteropoly acids are exchanged with metal cations.

2. The olefin production process according to claim 1,
wherein the silver-containing catalyst further contains at least

one Group 13 (IIIA) element.

3. The olefin production process according to claim 1,
wherein the dehydration catalyst is at least one dehydration
catalyst selected from zeclites, y-aluminas, tungsten oxide,
molybdenum oxide and heteropoly acid salts in which part or all

the protons in heteropoly acids are exchanged withmetal cations.

4. The olefin production process according to any one
of claims 1 to 3, wherein the ketone is acetone and the olefin

is propylene.
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5. The olefin production process according to claim 1,
wherein the heteropoly acid is at least one heteropoly acid
selected from phosphotungstic acid, silicotungstic acid,

phosphomolybdic acid and silicomolybdic acid.

6. The olefin production process according to claim 1,

wherein the heteropoly acid salt is supported on silica.

7. The olefin production process according to claim 1,
wherein the reaction temperature in the reaction is in the range

of 50 to 500°C.

8. The olefin production process according to claim 1,
wherein the reaction is catalyzed by a mixture of the dehydration

catalyst and the silver-containing catalyst.

9. The olefin production process according to claim 1,
wherein the ketone is acetone obtained with an isopropyl
alcohol-producing bacterium that produces isopropyl alcohol and
acetone from a plant-derived material, and the olefin is

propylene.



