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DESCRIPTION

OLEFIN PRODUCTICN PROCESS

FTIELD OF THE INVENTICON
[0Co1]

The present invention relates to processes for producing
an clefin by reacting a ketone and hydrogen. In more detail,
the invention relates to processes for producing an clefin with
high selectivity from a ketone and hydrogen as starting
materials in & single reaction step by using a Cu-containing

hydrogenation catalyst and a sclid acid substance.

PBACKGROUND OF THE INVENTION
[oocz]

A reaction between benzene and propylene gives cumene,
Oxidation of cumene results in cumens hydroperoxide. The
cumene hydropercxide 1s acid decomposed into phenol and acetone.
A combination of these known reactions is the cumene piocess
and ig currently a mainstream process for the producticon of
phenol.

[0003]

In the cumene process, acetone is byproduced. The cumens

process is valuable when both phenol and acetonre are reguired,

Aowever, if the acetone produced is in excess of demand, the
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economic efficiency is deteriorated due to the price difference
between acetone and startingmaterial propylene. Methods have
been then proposed in which acetone byproduced is reusad as
a material in the cumene process through various reactions.
10004

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 materizl in the cumene process, in detail cumene is produced
by reacting benzene and propylene cbtainsd from acetone as
described above.

(0005]

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
establishment of indusfrial and practical processes capable
of producing not only propylene but cther clefins from general
ketones with high selectivity is also valuable in various other
processes,

[00G6]

Patent Document 2 discloses a process in which propylene
is obtained through hydrogenaticn of acetone at 400°C in the
presence of a catalyst containing Cu (25%), zinc oxide (35%)

and aluminum oxide (40%). However, this process involves high
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reaction temperature and is insufficient in heat efficiency.
[GC07]
Patent Document 1: JP-A~HQ2-174737

Patent Document 2: East German Patent DDB4378

SUMMARY OF THE INVENTION
(60081

It is therefcre an cbiect of the present invention to
provide a novel olefin production precess that can be
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 1s to provide a novel olefin
producticn process in which propylene is cbtained with high
selectivity by directly reacting acetone and hydrogen.
F0009)

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
materials in a single reaction step by using a Cu-containing
hydreogenation catalyst and a solidacid substance as catalysts.
£0010]

The olefin production processes according to the

invention are as described in (1) to (%) below.
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0011

(1) An olefin production process comprising reacting a
ketone and hydrogen at a reaction temperaturs in the range of
50 to 300°C in the pressnce of a Cu-containing hydrogenation
catalyst and a solild acid substance.

[0012]

(2) The olefin production precess described in (1) above,
wherein the Cu~containing hydrogenation catalyst further
contains at least one element belonging to Group IIIA, Group
IIB and Group VIB.

10013]

{3) The clefin production process described in (1) above,
wherein the solid acid substance is a zeolite.
(0014

(4} The olefin production process described in {3} above,
wherein the zeclite is a zeclite possessing a pore of ten to
twelve-menmbered oxygen ring.

[0015]

(5} The olefin production process described in {4} above,
wherein the zeclite possessing a pore of ten to twelve-membered
oxygen ring is & f-zeclite.

[0016]
(6) The olefin production process described in (1) above,

wherein the reaction is carried ocut in a fixed bed reactor,
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and the Cu-containing hydrogenation catalyst is packed in an
inlet side of the reactor and the sclid acid substance is packed
in an outlet side of the reactor.

[0017]

(7) The olefin production process described in {1) above,
wheregn the ketone is acetone and the olefin is propylene.
[CO1g]

{€) An oleflin production process comprising supplying a
kettone, hydrogen and water to a reactor packed with a
Cu-containing hydrogenation catalvst 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
water to the ketone supplied (water/ketone) being in the range
of 0.01 to 1.0.

(00197

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

propylene,

ADVANTAGECUS EFFECTS OF THE INVENTION
[G620]

The novel olefin production processes of the invention
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can be established as industrial and practical processes of
producing an clefin with high selectivity by directly reacting
a ketone and hydrogen in a single reaction step. Inparticular,
propylene is obtained with high selectivity by directly

reacting acetone and hydrogen according to the novel process

of the invention.

PREFERRED EMBODIMENTS FOR CARRYING QUT THE INVENTION
100211

In the olefin preduction processes of the invention, a
ketorne 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)]

In & preferred embodiment of the olefin productiocn
process, a ketone, hydrogen and water are supplied to a reactor
packed with a Cu-containing hydrogenation catalyst and a soclid
acid substance and the ketone is reacted with hydrogen at a
reaction temperature in the range of 50 te 300°C, and the molar
ratio of water to the ketone supplied (water/ketone) is in the
range cf C0.01 teo 1.0.

[0023]
In fhe specification, the Cu~containing hydrogenation

catalyst may be simply referred to as the hydrogenation
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catalyst.
[0024]

The two catalysts, namely, the hydrogenation catalyst and
the solid acid substance, may be used in any manner without
iimitation. For example, the solid acid substance that 1is 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
rarticles with a centimeter size. 8till alternatively, the
hydrogenation catalyst may be supported on the solid acid
substance as a carrier, or the solid acid substance may bhe
supported on the hydrogesnation catalyst as a carrier.
[0025]

In the olefin production processes of the invention, it
is assumed that a ketone is hydrcgenated into an alcohol under
thecataiysis(ﬂftheCu—containinghydrogenationcatalyst,amd
the alcohol is then dshydrated by the action of the solid acid
substance to produce an clefin. When the olefin is propylene
for example, reactions are considered to take place such that
acetone is hydrogenated into isopropyl alcchol under the
catalysis of the hydrogenation catalyst and the isopropyl
alcohol is dehydrated by the solid acid substance to produce

propylene and water.
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[0026]

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
order of reactiocns, or the hydrogenation catalvst and the solid
acid substance may be mixed in a graded misxing ratio.

[gozm

Water lowers the activity of the solid acid substances
such as zeolites in working as acid catalysts. Therefore, in
the conventional reactions involving the sclid acid substances,
water have been avoided or removed in the reaction system in
order to maintain the activity of the acid catalysts.

[802g]

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.
[002¢9]

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 l-butens,
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{0030]

The olefin production processss of the invention are
suited for the production of propylene from acetone.
[CO31]

The 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-butanol may be used. When the ketone is
acetone, an acetone may bes used which is obtained with an
isopropyl alcohcl-producing bacterium that produces isopropyl
alcohel and acetone from a plant-derived material.

{00327

The plant-derived materials are not particularly Limited
as long as they are carbon sources obtained from plants and
are metabolized to iscopropyl alcchol 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 ferm plant-derived materials in the invention
includes carbon sources obtained from plants, plant organs or
degradation products thereof that can be used as carbon sources
by bacteria in culture. Examples ¢f the carbon sources as the
plant-derived materials include sugars such as starch, glucose,

fructose, sucrose, xylose and arabinose, or plant degradation
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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 plantfderived materials include agricultural crops
such as graln, and corn, rice, wheat, bean, sugarcane, bhest
and cotton. These materials may be used in any form without
limitation, and for example may be used in the form of
unprocessed product, sgueezed juice or millied product. In an
empodiment, the carbon sources as described above may be used
directly.

[0033]

The iscpropyl alcohol~producing bacteria are not limited
as long as they can produce isopropyl alcohol and acetone from
the plant-derived materials. For example, bacteria that are
cuiltured on the plant-derived materials and secrete isopropyl
alcohol and acetone in the culture medium after a given time
may be used. 8uch isopropyl alcohol-producing bacteria are
described in literature such as WO 2009/008377, Chinese Patent
Application No. CN1043956A, JP-A-561-67433, and Applied and
Environmental Microbiology, Vol. 64, No. 3, pp. 1079-1085
(1998). 1In particular, isopropyl alcohol-producing bacteria
described in WO 2008/008377 zre preferred.

{00347

The isopropyl alcohol-producing bacteria described in WO
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2009/0083?7aregivenacetoaceticaciddecarboxylaseactivity,
igopropyl alcohol dehydrogenase activity, CoA transferase
activity and thiolase activity.

[0035]

The words the bacteria are “given” the activities mean
that an enzyme-encoding gene is introduced into the host
bacteria from cutside 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
promoter with another promoier.

[0036]

In a preferred embodiment, the acetoacetic acid
decarboxylase activity, the isopropyl alcohol dehydrogenasze
activity, the CoA transferase activity and the thioclase
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
Escherichias bacteria.

(0037}

In a more preferred embodiment, the aﬁatoacetic 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 Cod

transferase activity and the thiclase activity are obtained
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by the introduction of a gene that encodes an enzyme derived
from Escherichia bacteria.
[0038]

In a particularly preferred embodiment, the acetoacsetic
acid decarboxylase activity is obtained by the introduction
of a gene that encodes an #nzyme 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
activity and the thiclase activity are obtained by the
introducticn of a gene that encodes an enzyme derived from
Escherichia coli.

[00382]

In another preferred embodiment, the acetcacetic acid
decarboxylase activity, the isopropyl aleochol dehvydrogenase
activity, the CoA transferase activity and the thiclase
activity are each cbtained by the introduction of a gene that
encodes an enzyme derived from Cleostridium bacteria.

[0G4¢]

The isopropyl alcoheol-producing bacteria are preferably

Escherichia coli.
(0041]
The production of izopropyl alcohol and acetone from the

plant-derived materials by the isopropyl alcohol-producing
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bacteria usually gives byproducts such as water and carboxylic
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
to high purity by removing the isopropyl alcochol, water and
other byproducts from the product.

[0042]

Alternatively, the iscpropyl alcohol and acetone in the
product may be concentrated tc a high concantration while the
by?roducts are removed. In this case, the acetone 1g supplied
Lo a reactor together with the isopropyl alcohol and water.
The isopropyl alcohol isdehydratedby the selid acid substarncs,
producing propylene and water.

[0c43;

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

[0044]

Theoretically, the hydrogen may be ussd at least in an
eguimclar amount relative to the ketone. From the viewpcint
of separation and recovery, the hydrogen may be preferably used
in an equimolar to ten-fold molar amount, and more preferakly
in an equimolar to E~fold molar amount relative to the ketone.

For example, the hydrogen supply amount per unit time may be
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controiled 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
equimclar amount relative to the ketcene. In the invention, the
hydrogen reacts with the oxygen atom in the ketone to formwater,
and the water produced may be recovered from a reactor outlet.
Bn excess of hydrogen over the ketone is not substantially

consumed as long as undesirable side reactions take place.

[0045)]

The hydrogen gas is generally supplied to a reactor
continuously, but the supply methods are not particularly
limited thereto. In an embodiment, the hydrogen gas may be
suppliiad intermitiently'such that the hydrogen is supplied atz
the initiation of the reaction and the supply is suspended
during the reacticn 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 sclvent. In a recvcle
process, hydrogen gas recovered from the column top together
with low-boiling fractions may be isolated and resupplied. The
pressure of the hydrogen supplied is generally egqual to the
pressure in the reactoer, but may be appropriately adjusted
depending on the hydrogen supply methods.

[0046]

When water is used in the olefin production processes of
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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
cf 0.01 to 1.0, preferably 0.02 to 0.9, and more preferably
.05 to 0.8, For example, water may be supplied in this molar
ratio per unit time relative to the ketcone 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.

{0047]

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,
hydrcgen and water).

[0048]

In the olefin production processes of the invention, the
reaction may be carried cut by any methods under any conditions
without limitation. Exemplary conditiocns and methods are
described below.

(06497

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

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

gas-liqguid countercurrent flow or a gas-liquid co-current flow.
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The liguid and gas directions are not limited. These
directions may be descending liguid/ascending gas, ascending
liguid/descending gas, ascending gas/ascending liguid, or
descending gas/descending liguid.

(60507

The reaction temparature is in the range of 50 to 300°C,
preferably 150 to 250°C, and more preferably 150 to 200°C. The
reacticn pressure 1s preferably in the range of 0.1 to 500 atm,
and more preferably 0.5 to 100 atm.

[G0511]
{Sclid acid substances)

Examples of the solid acid substances inciude usual solid
acids such as metal oxides including zeolite, silica, alumina,
silica zlumina, y-~alumina, titanium oxide, zinc oxide and
zirconium cxide. Of these, zeoclite is preferable.

[0052]

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

[0053]

in particular, zeclite 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, Z8M-5, Z8SM-11, ZSM-12,
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NUw87rtheta—l,weinbexgerite,X—typezeolite,Y—typezeolite,
UBY~type zeoclite, mordenite, dealuminated mordenite,
B-zeolite, MCM-22, MCM-36 and MCM-56. OF these, f-zeolite is
préferable.
(00541

" Inthe zeolite, the composition ratioc 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,
isomorphously substituted zeolites in which aluminum in the
zenlite skelgton is substituted with other metal such as Ga,
Ti, Fe, Mn or B may be used. Furthermors, metal ion-modified
zeolites may be used,.
[0055]

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 solid acid substances is not
particularly limited. Generally, the particle diameter may
range from 0.01 to 100 mm depending on the size of a reactor.
[00586]

The solid acid substances may be used singly, or two or
mere kinds may be used in combination.

[0057]
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{(Cu~containing hydrogenation catalvsts)

The Cu-containing hydrogenation catalyst may contain Cu
as the metal element or as a metal compound. Examples of the
metal compounds include metal oxides such as Cul and Cu0; and
metal chlorides such as CuCl;. The catalysts may be supported
on carriers.

[00587

Preferably, the Cu-containing hydrogenation catalysts
further ceontain at least one element belonging to Group ITIA,
Group IIB and Group VIB. Preferred Group IITA elements include
Al znd 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
catalysts and copper zinc catalysts.

[0058]

Higher activity and olefin selectivity tend to be
chtained by using Cu-containing hydrogenation catalysts that
containmetal salts such as PbSCy, FeCl, and 8ntl,; alkali metals
such as K and Na, and alkali metal salts; and BaS0,.

10060}

Commercially avallable Cu-containing hydrogenation

catalysts include Cul-Zn0-Al;0; and Cul-Cr.03-~Ral.

[00€el]
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The shape of the hydrogenation catalysts is not
particularly limited, and the hydrogenation catalysts may be
in the form of sphere, cylindrical column, extrudate or crushed
particles. The size of the particles of the hydrogenation
catalysts 1is not particularly limited. Generally, the
particle diameter may range from 0.01 to 100 mm depending on
the size of a reactor.

{40627
{(Usage of hydrogenation catalysts and solid acid substances)

In the olefin production processes of the invention, the
ketone, hydrogen and optionally water are supplied to a reactor
packed with the hydrcgenation catalvst and the solid acid
substance and the ketone i1s reacted with hydrogen. The total
amount of the hydrcogenation catalyst and the solid acid
substance in the reactor {hereinafter, alsc the catalyst
amount) is not particularly Iimited. In an embodiment in which
the reaction is performed in a fixed bed flow apparatus equipped
with a fixed bed reactor, the catalyst amcount may be such that
the supply amount {weight) of the starting material ketone per
hour dividedby 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.

(00637

The weight ratio of the solid acid substance and the
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hydrogenation catalyst is not particularly limited, but the
solid acid substance:hydrogenation catalyst weight ratio is
usually in the range of 1:0.01 to 1:100, and preferably 1:0.05
to 1:50. An excessively small amcunt of the soliid acid
substance results in insufficient dehydration reaction and low
olefin yield, causing econcmic disadvantages. An excessively
large amount of the sclid acid substance is also uneconomical
because the ketone conversion is lowered.

When water is used in the processes of the invention, the
hydrogenatiocn catalyst and the soiid acid substance are
preferably dehydrated by known methods in order to control
strictiy the water content in the reactor. In the case of a
Tixed bed reactor, the hydrogenation catalyst and the solid
acid substance packed therein may be dehydrated by keeping the
temperature at 300°C or above for at least 10 minutes while
passing an inert gas (for example nitrogen or helium) through
the reactor. Tc develop the activity of the hydrogenation
catalyst, the dehydration treatment may be followed by a
treatment under a stream of hydrogen.

[GC64)

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.
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[0065]

In the invention, the hvdrogenation catalyst and the
solid acid substance may be used in any manner without
limitation. The hydregenation catalyst and the sclid acid
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 intc catalyst 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.

[006g]

In a particularly preferred embodiment, the
Cu-containing hydrogenation catalyst and zeolite as the solid
acid substance are used., The Cu-containing hydrogenation
catalyst may be supported on the zeolite. Such supported
catalysts may be prepared by scaking zeclite in an aguesous
solution of a copper salt such as copper nitrate and calcining
the zeolite. Alternatively, copper may be bonded with an
organic molecule ligand to become soluble in organic sclvents,
and zeolite may be scaked in a solution of the copper-ligand
complex in an organic sclvent and thereafter calcined. Taking

advantage of the characteristic that some of the complexes are
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such complexes may be supported on
Further, a coprecipitation

vaporized under vacuum,
ke.

zeclite by deposition or the 11
method may be adopted in which zeolite is obtained from a

corresponding metal salt in the prasence of a copper salt as

the hydrogenation catalyst and thereby the carrier synthesis

5
and the supporting of the hydrogenation catalyst are carried

out simultancously.

{00671
Other carriers for the hydrogenation catalvysts include
silica alumina, titania, magnesia, silica
zinc oxide, carbcon (activatsd carbon),
In a preferred embodiment,
ina,

10 silica, alumina,

-

magnesia, zirconia,
acid clay and diatomaceocus earth.
zinc oxide and

at least cone is selected from silica, alumina, silica alum
zirconia,

titania, magnesia, silica magnesia,
carbon {activated carbon}. Some of these carriers function as
When such carriers are used, th

15
solid acid substances.
hydrogenation catalysts are supported on the solid acid

substances as carriers.

[D068]
Examples of the rezctors used in the invention include
Fixed bed

20
ixed bed reactors and fluidized bhed reactors.

eactors are praferable from the viewpoint of the prevention

=
i

H

of catalyst akrasion or particle size reduction.

[0069]
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In the invenﬁion, the hydrogenation catalysts and the
solidacid substances may be packed in the reactor by any methods
without limitation. 1In the case of fixed bed reactors, however,
the packing mode of the hydrogenation catalyst and the solid
acid substance 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
in the appropriate crder of reactions in order to catalyze the
reactions effectively and prevent undesired side-reactions.
[0070]

In particular, increasing the hydrocgen pressure or the
reaction temperature to accelerate the reaction rate usually
involves undesired side~reactions that are not observed at low
hydrogen pressure or low reaction temperature. In such cases,
the reaction results can be greatly influenced by the catalyst
packing manner.

100711

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

that: (1) the hydrogenaticn catalyst and the sclid acid
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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 reactor and the sclid acid substance
forms a layer on a downstream side {an outlet side)} of the
reactor; {3} the solid acid substance supporting the
hydrogenation catalyst is packed; (4) the hydrogenation
catalyst forms a layer on an upstream side (an inlet side),
and the solid acid substance and the hydrogsnation catalyst
form a layer on a downstream side {an outlet side); ES} the
hydrogenation catalyst forms a layer on an upstream side (an
inlet gide} and the solid acid substance supporting the
hydrogenation catalyst forms a layer on a downstream side {an
cutlet side); (6) the hydrogenation catalyst and the solid acid
gsubstance form a layer on an upstream side (an inlet side) and
the solid acid substance forms a layer on a downstream side
{an outlet side); or (7) the sclid acid substance supporting
the hydrogenatiocn catalyst forms a layer on an upstream side
{an inlet side) and the solid acid substance forms a layer cn
a downstream side (an ocutlet side). Heres, 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 reactiocn. The term
downstream side means an outlet side of the reactor, in cther

words, this term indicates that the starting materials,
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intermediates and reaction products are passed through the
layer in the last half of the reaction.
iG072]

To maintain the colefin production output, two or three
reactors may be arranged in parallel to adopt a merry-go-round
system in which the catalyst in one reactor is regensrated while
the reaction is continuously carried out in the remaining one
or two reactors. When the process invelves three reactors, two
of these reactors may be connected in seriez 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 the reactor continuously or intermittently while a
corresponding amount cf the catalysts are newly added to

maintain the activity at a constant level,

- EXAMPLES

00731

The present invention will be described in greater detail
by examples hereinbelow without limiting the scope of the
invention.
[0074}

[Example 1]

A fixed bed reaction apparatus was used which was eguipped
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with a high-pressure feed pump, a high-pressure hydrogen mass
flow controller, a high-pressure nitrogen mass flow controller,
an electric furnace, g reactor having a catalyst-packing part,
and a back pressure valve. Apressurized liguid-phase downflow
reaction was carried ocut in the reaction apparatus.

[0075]

The reactor was a SUS 316 reactor having an inner diameter
cf 1l cm. Fromthe outlet of the reactor, 1.0 g of a copper/zinc
catalyst powder {Shift Max 210 manufactured by Sud-Chemie AG,
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 te 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 pm) was packed to form a catalyst layer on a downstrean

¥

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
stream of hydreogen 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.
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[GO77]

Nitrogenwas fed at 50 ml/min in between the reactor cutlet
and the back pressure valve by means of the high-pressure
nitrogen mass flow contrcller. A gas chromatograph (GC) was
provided at a downstream from the back pressure valve, and the

products were guantitatively determined on line.

(00783

The reaction results are set forth in Table 1.
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(0080}
{Example 2]

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 elect;ic furnace, a reactor having a catalyst-packing part,
and a back pressure valve. Apressurized liguid-phase downflow
reaction was carried ocut in the reaction apparatus.

[ocogl]

The reactor was a SUS 316 reactor having an inner diameter
of I cm. From the outlet of the reactor, & catalyst mixture
was packed to forma catalyst layer wherein the catalvyst mixture
had been prepared by sufficiently mixing 0.3 g of a copper/zing
catalyst powder (Shift Max 210 manufacturad 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) and
0.6 g of B-zeolite (manufactured by JGC Catalysts and Chemicals
Ltd., compacted at 20 MPa and classified to 250~300 um).
[0082]

The pressure was increased to 3.0 MPa with hydregen, and
acetone was passed at 0.30 g/h from the reactor inlet at 1B0°C
under a stream of hydrogen at 12 mli/min.

[0083]

Nitrogenwas fedat 50 ml/min in between the reactor cutlet
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and the back pressure valve by means of the high-pressure
nitrogen mass flow controller. A gas chromatograph was
provided at a downstreanm from the back pressure valve, and the
products were guantitatively determined on line.

[00e4]

The reaction results are set forth in Table 2.
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10086]
{Bxample 3]

A fixedbed reaction apparatus was used which was equipped
with a high-pressure feed pump, a high-pressure hydrogen mass
flow controller, a high-pressure nitrogenmass 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.

[oo87]

The reactor was a 8US 316 reactor having an inner diameter
of 1 cm. From the cutlet 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
hydrogenation catalyvst was packed to form a catalyst‘iayer 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 and Chemicals Ltd., compacted
at 20 MPa and classified to 250-500 um) as a sclid acid substance
was packed to form a catalyst laver on a downstream sides.
[0088]

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 heurs. Under a
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stream of hydrogen at 20 mi/min, the temperature was then
lowered to 180°C. From the reactor inlet, acetocne was passed
at 0.60 g/h and water at 0,013 g/h, whersby the water/acetons
molar ratio was (.1.

0088}

Nitrogenwas fedat 50ml/minin between the reactor cutlet
and the back pressure valve by means of the high-pressurs
nitrogen mass flow controllier. A gas chromatograph was
provided at a downstream from the back pressure valve, and the
products were quantitatively determined on line. The reaction
results are set forth in Table 3.

[008580]
[Example 4]

The procedures in Example 3 were repeated, except that
water was passed at 0.0856 g/h, whereby the water/acetene molar
ratio was 0.3. The reaction results are set forth in Table 3.
[0G91]

[Example 5]

The procedures in Example 3 were repeated, except that
water was passed at 0.074 g/h, whereby the water/acetone molar
ratio was 0.4. The reaction results are set forth in Table 3.
[ooszy
[Example §&]

The procedures in Example 3 were repeated, excepi that



(S5}

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.

[0083]

[Examplie 7]

The procedures in Example 3 were repeated, except that

acetone was passed at (.60 g/h from the reactor inlet and water

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

3.
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[0685]

In the tables above, the “selectivity (%) /acetone”
indicates acetone conversions (molar percentages) Lo the
products relative to the amount of raw material acestons, and
the “selectivity (%)/(acetone~IPA-DIPE)” indicates acetone
conversions {molar percentages) Lo the products relative to
the amount of raw material acetone after deduction of the
acetone conversions to IPA and DIEE produced. Here, IPA and
DIPE are intermediates in the series of hydrogenation and
dehydration reactions.
f0086]

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

[0G27]
[Example 8]
(Producticon of isopropyl alcohol and acetone)

Isopropyl alcochol was preduced using isopropyl
alcohol-producing Escherichia coli bacteria {(Escherichia coli
pGAP~Iaaa/B strain) described in Example 4 of WO 2009/008377.
Here, a preduction apparatus 10 as illustrated in Fig. 1 of
WO 2008/008377 was used. A culture tank, a trap tank, an

injection tube, a connection tube and a discharge tube were
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all made of glass. The culture tank and the trap tank each had
a capacity of 3 L. The trap tank contained 1.8 1 of water as
trap liguid (trap water). The trap water had been cooled to
i0°cC.
(00987

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

[008989]

The pGAP-Iaaa/B strain was inoculated in a 100 ml conical
flask that contained 25 mL of LB Broth, Miller culture liguid
(Difco 244620) containing 50 pg/mi of ampicillin, and was
pre—-cultured overnight with stirring at 120 rpm and & culture
temperature of 35°C. The whole amount of the culture liguid
was transferred to the 3 L culture tank (fermentor BM3-PI
manufactured by ABLE & Biott Co., Ltd.) that contained 1475
gotf a culture mediumhaving the compositionbelow. The culture

liguid was cultured with aeration at 1.5 L/min at atmospheric

-

pressure, a stirring speed of 550 rpm, a culture temperature
of 35°C and pH of 7.0 (adjusted with an aqueous NH; solutioen),
A 45 wt/wt% aguecus glucese sclution 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
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trap water after 130 hours affer the culture initiation was
znalvzed by GC and was found to contain 1.6 wtd of acetone and
5.6 wt% of isopropyl alcohol.

(0100}

{Culture medium composition)

Corn steep liguor {NIHON SHOKUHIN KAKO CO., LTD.}: 20 ¢/L

FesS0,-TH;0: 0.09 g/L

K:HEPDs: 2 o/L

KHFOs: 2 g/L

MgS04-7HC: 2 g/L

(NHz} 28040 2 g/L

ADEKA NOL LG126 (ADEKA CORPCRATION): 0.6 g/L

Water: balance
{Production of propyvlens)

The aguesous solutlion containing isocpropyl alcchol and
acetone [(the trap water after 130 hours from the culturs
initiation) was distilled to concentrate isopropyl alcohol and
acetone.

[(0141]

In detail, 19%47.0 ¢ of the agueous scluticn was passed
at 500 ml/h through a column packed with 240 ml of a cation
exchange resin (AMBERLYST 31WET manufactured by CRGANO
CORPORATICN), thereby removing residual ammonia. The treated

liguid was distilled at normal pressure to separate fractions
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having a boiling point of 53 to 81.6°C. Gas chromatography
showed that the fractions contained 22.6 wt% of acetone, 58.7
wt% of isopropyl alcohel and & balance of water.

[0102]

The fractions were subjected to a pressurized
liguid-phase downflow reaction using a fixed bed rezction
apparatus which was eculpped 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, and & back pressurs valve.
[01031]

The reactor was a SUS 31% reactor having an inner diameter
of L em. From the outlet of the reactor, 0.5 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 mase 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 cof f~zeclite (manufactured by JGC Catalysts
and Chemicals Ltd., compacted at 20 MPa and classified to
250-500 pm} was packed to form a catalyst layer on a downstream
side,
t0104]

The pressure was increased to 2.5 MPa with hydrogen, and
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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 £o 180°C and the fractions were passed from the reactor
iniet at 0.60 g/h.

[0105]

Nitrogen was fed at 200 mli/min in between the resactor
cutlet and the back pressure valve by means of the high-pressure
nitrogen mass flow controller. A gas-liquid separation tube
was provided immediately downstream the back pressure valve.
The gas comporent and the liguld component were analyzed by
gas chromatography te guantitatively determine the producté.

The reactiocn results are set forth in Table 4,
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INDUSTRIAL APPLICABILITY
[0107]

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

ccecurring in the phenol production by the cumens process.
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CLATMS

1. An olefin production process 'comp:fising reacting
a ketore and hydrogen 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, wherein the Cu-containing
hydrogenati.on catalyst further contains at least one element
beiconging to Group IIIA and Group IIB, and the solid acid

substance is a f-zeolite.
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2. The olefin production process according to c¢laim
1, wherein the reaction is carried out in a fixed bed reactor,
and the Cu-containing hydrogenation catalyst ig packed in an
inlet side of the reactor and the solid acid substance is;packed

in an outlet side of the reactor.

3. The clefin production process according to claim

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

4. An olefin production process according to claim 1,
which process comprises supplying a ketone, hydrogen and water
to a reactor packed with the Cu-containing hydrogenation
catalyst and the 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 water to the ketone gupplied

{(water/ketone) being in the range of 0.01 to 1.0.

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

propylene.
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ABSTRACT

A novel olefin production process of the inventicn can
be established as an industrial and practical process of
producing an clefin with high selectivity by directly reacting
a ketene and hydrogen in a single reaction step. Inparticular,
anovelolefinproductionprocessisprovid&ﬂinwhichpropyléne
is obtained with high selectivity by directly reacting acetone
and hydrogen. An olefin production process of the invention
includes reacting a ketone and hydrogen 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.



