SF-2211 1 DESCRIPTION PROCESS FOR PRODUCING ALKYLATED AROMATIC COMPOUNDS
AND PROCESS FOR PRODUCING PHENOLS 5 FIELD OF THE INVENTION [0001] The present
invention Eélatesltd processes in which an aromatic compound is reacted with a ketone and hydrogen
into 10 a corresponding aikylated aromatic compound, and to phenol production processes which
include a step of performing the alkylation process. In more detail, the invention relates to processes
for producing alkylated aromatic compounds by reacting a ketone, an aromatic compound and
hydrogen in a single 15 reaction step using $p&€ifid Edtaiysts, and to phenol production processes
including a step of performing the alkylation process.

PROCESS FOR PRODUCING ALKYLATED AROMATIC COMPOUNDS

AND PROCESS FOR PRODUCING PHENOLS

FIELD OF THE INVENTION
[0001]
The present invention relates to processes in which an

aromatic compound is reacted with a ketone and hydrogen into
10 a corresponding alkylated aromatic compound, and to phenol

production processes which include a step of performing the

alkylation process. In more detail, the invention relates to

processes for producing alkylated aromatic compounds by

reacting a ketone, an aromatic compound and hydrogen in a single
15 reaction step using specific catalysts, and to phenol

production processes including a step of performing the

alkylation process.

BACKGROUND OF THE INVENTION
20 [0002]
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



BACKGROUND OF THE INVENTION 20[0002] A reaction between benzene and propylene gives
cumene. Oxidation of cumene results in cumene hydroperoxide. The cumene hydroperoxide is acid
decompos$étititd phenol and acetone. A combination of these known reactions is the cumene process
SF-2211 2 which is currently a mainstream process for the production of phenol. [0003] The cumene
process gives acetone as a by-product, and is 5 valuable when both phenol and acetone are required.
However, if the acetone produced is in excess of demand, the economic efficiency is deteriorated due
to the pricgndifférencedvetwern heetome and staeting materiad prapytené.cdviethotisdiave besh then
proposed which are aimed at benefitting from the price 10 difference between starting material olefins
and by-predectkietones. For example, secondary butyl benzene obtained from n-butene and benzene
is oxidized and acid decomposed to give phenol and methyl ethyl ketone (Patent Documents 1 and 2).
According to0this]method, the oxidation of the secondary butyl 15 benzene achieves only about 80%
selectivity for the target secondary butyl benzene hydroperoxide, with 15% or more by-product
acetophenone. Thisenethodroonsequestly gpiovides:a dweryield of phenol dharthy the.eumene
process. (0004]
5 valuable when both phenol and acetone are required. However,
if the acetone produced is in excess of demand, the economic
efficiency is deteriorated due to the price difference between
acetone and starting material propylene. Methods have been
then proposed which are aimed at benefitting from the price
10 difference between starting material olefins and by-product
ketones. For example, secondary butyl benzene obtained from
n-butene and benzene is oxidized and acid decomposed to give
phenol and methyl ethyl ketone (Patent Documents 1 and 2).
According to this method, the oxidation of the secondary butyl
15 Dbenzene achieves only about 80% selectivity for the target
secondary butyl benzene hydroperoxide, with 15% or more
by-product acetophenone. This method consequently provides a
lower yield of phenol than by the cumene process.
[0004]
20 It is also proposed that cyclohexyl benzene obtained from
cyclohexene and benzene is oxidized and acid decomposed into
phenol and cyclohexanone. Since the cyclohexanone obtained is

dehydrogenated into phenol, this method does not technically

involve the by-production of ketones. However, the method has



20lt is also proposed that cyclohexyl benzene obtained from cyciohexene and benzene is oxidized and
acid decomposed into phenol and cyclohexanone. Since the cyclohexanone obtained is
dehydrogemated into phenol, this method does not technically involve the by-production of ketones.
However, the method has SF-2211 3 a low industral value because the oxidation of the cyclohexyl
benzene provides a low yield of the target cyclohexyl benzene hydroperoxide. [0005] 5The highest
yields in oxidation and acid decomposition are achieved by the cumene process as described above.

The problem telatedtostarting matetial peapylene ane by-greductaceteneishomd:be aueided while
maintaining the advantageous yields. Methods have been then proposed in which the 10 by-product

acetone is yeated bypvariousssethads.and isreused-asa material in the cumene pFRESSHIO006]
Acetone is readily hydrogenated to isopropanol, and the isopropanol is dehydrated to propylene.
Patent Dacpment 3 A&:diseloses a process in which acetone is reused as a material in the cumene
process, in detail cumene is produced by reacting benzene and propylene obtained from acetone as
described[afyaye; However, the hydrogenation and the dehydration add two steps. [0007]

5 The highest yields in oxidation and acid decomposition
are achieved by the cumene process as described above. The
problem related to starting material propylene and by-product
acetone should be avoided while maintaining the advantageous
yields. Methods have been then proposed in which the

10 by-product acetone is treated by various methods and is reused
as a material in the cumene process.

[0006]
Acetone is readily hydrogenated to isopropanol, and the
isopropanol is dehydrated to propylene. Patent Document 3

15 discloses a process in which acetone is reused as a material
in the cumene process, in detail cumene is produced by reacting
benzene and propylene obtained from acetone as described above.
However, the hydrogenation and the dehydration add two steps.
[0007]

20 | Patent Documents 4 to 6 disclose methods in which
isopropanol from the hydrogenation of acetone is directly
reacted with benzene to give cumene. 1In particular, Patent
Document 6 discloses a process in which by-product acetone is

hydrogenated to isopropanol, the isopropanol is reacted with



20Patent Documents 4 to 6 disclose methods in which isopropanol from the hydrogenation of acetone
is directly reacted with benzene to give cumene. In particular, Patent Document 6 discloses a process
in which bysproguct acetone is hydrogenated to isopropanol, the isopropanol is reacted with SF-2211
4 benzene, and the resultant cumene is reacted togive phenol. In this process, however, the
hydrogenation adds a step to the cumene process. [0008] 5Patent Document 7 describes a method in
which by-product acetone is reused without adding a step to the conventional cumene process. In

detail, acelene iswrepactadditectly with.henzepednthe,presenee of hydrogenyising agatalyst system

including a solid acid substance and a Cu compound. 10 RELATED ART [0009] Patent Document 1:

JP4¥557§HQ%%J;process, however, the hydrogenation adds a step to the
cumene process.
[0008]

5 Patent Document 7 describes a method in which by-product

acetone 1is reused without adding a step to the conventional
cumene process. In detail, acetone is reacted directly with

benzene in the presence of hydrogen using a catalyst system

including a solid acid substance and a Cu compound.

10
RELATED ART
[0009]
Patent Document 1: JP-A-S57-91972
Patent Document 2: U.S. Patent Application 2004/0162448
15 Patent Document 3: JP-A-H02-174737
Patent Document 4: JP-A-H02-231442
Patent Document 5: JP-A-H11-354897
Patent Document 6: JP-A-2003-523985
Patent Document 7: JP-A-2005-513116
20

SUMMARY OF THE INVENTION
[0010]
The method of Patent Document 7, however, tends to give

propane as a by-product during the production of cumene.



Patent Document 2: U.S. Patent Application 2004/0162448 15 Patent Patent Patent Patent Patent
Document Document Document Document Document 3: 4: 5: 6: 7: JP-A-H02-174737
JP-A-H02¢2314421IP-A-H11-35497 JP-A-2003-523985 JP-A-2005-513116 20 SUMMARY OF THE
INVENTION 5

It is therefore an object of the present invention to
provide an industrial and practical process for producing
cumene by directly reacting acetone, benzene and hydrogen. 1In
detail, the invention has an object of providing a novel process

5 for producing alkylated aromatic compounds in which a ketone
such as acetone, an aromatic compound such as benzene and
hydrogen as starting materials are reacted together in a single
reaction step to produce an alkylaromatic compound such as
cumene with high yield. It is another object of the invention

10 to provide a process for producing phenols which includes a
step of performing the above alkylation process and which does
not increase the number of steps compared to the conventional
cumene pProcess.
[0011]

15 The present inventors studied diligently to achieve the

above objects. They have then found that a solid acid substance

I..J.

and a silver-containing catalyst as catalysts can afford an
alkylated aromatic compound such as cumene with high yield in
a single step of reacting a ketone such as acetone, an aromatic
20 compound such as benzene and hydrogen as starting materials.
[0012]
A process for producing alkylated aromatic compounds
according to the present invention comprises reacting an

aromatic compound, a ketone and hydrogen in the presence of



[0010] The method of Patent Document 7, however, tends to give propane as a by-product during the
production of cumene. SF-22115 It is therefore an object of the present invention to provide an
industrial grad ppactical process for producing cumene by directly reacting acetone, benzene and
hydrogen. In detail, the invention has an object of providing a novel process 5 for producing alkylated
aromatic compounds in which a ketone such as acetone, an aromatic compound such as benzene and
hydrogen as starting materials are reacted together in a single reaction step to produce an

alkylaromatie; eampournd such asseumenre with highsyielde kt-1s-anethenabjgeiofthea ipyention 10 to
provide a process for producing phenols which includes a step of performing the above alkylation

process and whichoes nehinerease dhg sumber of sieps semparedde.the genventignakcumene
process. [0011] 15The present inventors studied diligently to achieve the above objects. They have

then found thatassolid aeidbsubstance andka siler-containing catalyst as catalysts can afford an
alkylated aromatic compound such as cumene with high yield in a single step of reacting a ketone

such as agetong, an aromatic 20 compound such as benzene and hydrogen as starting materials.
[0012]

5 The solid acid substance is preferably a zeolite compound,
more preferably a zeolite compound having a ten to
sixteen-membered oxygen ring pore, and particularly preferably
a zeolite compound having a ten or twelve-membered oxygen ring
pore.

10 [0014]

The solid acid substance is preferably at least one
zeolite compound selected from the group consisting of
B-zeolite, mordenite, ZSM-5 zeolite, ZSM-12 zeolite and Y-type
zeolite, and is more preferably P-zeolite.

15 [0015]

The silver-containing catalyst preferably includes a
supported catalyst in which silver is supported on a carrier.

The reaction is preferably catalyzed by a mixture of the
solid acid substance and the silver-containing catalyst.

20 [0016]

A process for producing phenols according to the present
invention comprises:

(a) a step of oxidizing cumene into cumene hydroperoxide;

(b) a step of acid decomposing the cumene hydroperoxide



A process for producing alkylated aromatic compounds according to the present invention comprises
reacting an aromatic compound, a ketone and hydrogen in the presence of SF-221i 6 a solid acid
substance;and a;silver-containing catalyst. The aromatic compound is preferably benzene, and the
ketone is preferably acetone. [0013] 5The solid acigl substance is preferably a zeolite compound, more
preferably a zeolite compound having a ten to sixteen-membered oxygen ring pore, and particularly
preferably a zeolite compound having a ten or twelve-membered oxygen ring pore. 10[0014] The solid

acid substance-js preferably aHeast ongzgoliteconmound selected from the group consisting of
13-zeolite, mordenite, ZSM-5 zeolite, ZSM-12 zeolite and Y-type zeolite, and is more preferably

13-zeolite. 15[001f}) o dhesilver-centaining catalystyreferably.ingludes a suppaited gatalyst in

which silver is supported on a carrier

10

15

20

hydrogen and benzene to synthesize cumene; and

(d) a step of circulating the cumene from the step (c)
to the step (a):

the step (c) being performed by the process for producing

alkylated aromatic compounds described above.

ADVANTAGEOUS EFFECTS COF THE INVENTION
[0017]

According to the processes for producing alkylated
aromatic compounds, a ketone such as acetone, an aromatic
compound such as benzene and hydrogen as starting materials
are reacted together in a single reaction step to give an
alkylaromatic compound such as cumene. The processes of the
invention provide industrial and practical advantages. The
processes for producing phenols according to the invention
include a step of performing the process of producing alkylated
aromatic compounds, and the by-product acetone is recycled
without increasing the number of steps of the conventional
cumene process. The cumene resulting from the production
process for alkylated aromatic compounds is identical in
quality with cumene obtained from propylene or isopropanol and

benzene. The processes of the present invention are thus



The reaction is preferably catalyzed by a mixture of the solid acid substance and the silver-containing
catalyst. 20[0016] A process for producing phenols according to the present invention comprises:
(a) a stepf.oxidizing cumene into cumene hydroperoxide; (b) a step of acid decomposing the cumene

hydroperoxide SF-2211 to synthesize phenol and @cetone; (c) a step of reacting the acetone
from the step (b) with hydrogen and benzene to synthesize cumene; and (d) a step of
circulating the cumene from the step (c) 5to the step (a); the step (c) being performed by the

process forprodueing alkylated aromatic-eampaeunds desariked,akove; ADVANTAGEOUSEFFECTS
OF THE INVENTION

advantages and economic advantages.

PREFERRED EMBODIMENTS FOR CARRYING OUT THE INVENTION
5 [0018]

A process for producing alkylated aromatic compounds
according to the present invention comprises reacting an
aromatic compound, a ketone and hydrogen in the presence of
a solid acid substance and a silver-containing catalyst.

10 The two catalyst components, namely, the solid acid
substance and the silver-containing catalyst may be used in
any manner without limitation. In an embodiment, the solid
acid substance that is an acid catalyst component and the
silver-containing catalyst may be physically mixed on a

15 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
solid acid substance functioning as an acid catalyst may be

20 used as a carrier, and the silver-containing catalyst may be
supported thereon. Alternatively, the solid acid substance
may be supported on the silver-containing catalyst as a carrier.
[0019]

In catalyzing the reaction, the solid acid substance and



10[0017] According to the processes for producing alkylated aromatic compounds, a ketone such
as acetone, an aromatic compound such as benzene and hydrogen as starting materials are reacted
together in;a sipgle reaction step to give an 15 alkylaromatic compound such as cumene. The
processes of the invention provide industrial and pgactical advantages. The processes for producing
phenols according to the invention include a step of performing the process of producing alkylated
aromatic compounds, and the by-product acetone is recycled 20 without increasing the number of
steps of the conyentignal sumgne pracess: The cumene tesulting, from thegprodyiction prgegss for
alkylated aromatic compounds is ideritical in quality with-.cumene obtained from propylene or
isopropangt and pepzene, The processes of the present invention are thus SF-2211 8 innovative
technology and can produce phenols with process advantages and economic advantages.
PREFERRED EMBODIMENTS FOR GARRYING QUT THE IWVENTION 50018, , & process for
producing alkylated aromatic compounds according to the present invention comprises reacting an
aromatic g ound, a ketone nd_hydrogen. in the presence of a solid acid substance and

civer con TGy 0T A e Salalas G one b L T 2R the
S"‘.’eE'CO“t%'B'Q@%Cr?é?‘e%SE Q&%@S used in any manner, \q%hgﬁl%%ma{tg“zogé {1 20 empbodiment, the solid
acid Substance that is an aci ca?aﬁlsi’lcomponent And the

silica alumina, alumina, sulfate-promoted zirconia and

WOs-promoted zirconia.
[0020]
In particular, the zeolite compounds that are inorganic
10 crystalline porous compounds mainly composed of silicon and
aluminum are suitable alkylation catalysts from the viewpoints
of heat resistance and selectivity for the target alkylated
aromatic compounds. Suitable zeclite compounds are variable
depeﬁding on the molecular diameter of the aromatic compounds
15 used as starting materials and the target alkylated aromatic
compounds.
[0021]
For example, a zeolite compound having a ten to
sixteen-membered oxygen ring pore is preferably used for the
20 reaction of benzene as the aromatic compound and acetone as
theketonetopmoducecumeneasthealkylatedaromaticcompound.
[0022]
Examples of the zeolite compounds having a ten to

sixteen-membered oxygen ring pore include ferrierite,



silver-containing catalyst may be physically mixed on a 15 catalyst particle level with a centimeter size.
In another embodiment, the catalysts may be finely pulverized and mixed together, and the mixture
may be shapeghinio catalyst particles with a centimeter size. In a still another embodiment, the solid
acid substance functioning as an acid catalyst may fe 20 used as a carrier, and the silver-containing
catalyst may be supported thereon. Alternatively, the solid acid substance maybe supported on the
silver-containing catalyst as a carrier. [0019] SF-2211 9 the silver-containing catalyst are preferably

used in thedfgnm f a faixturen- 5 Thesalidacid, supstancesdiseddn thesinventionsare;catalysts that
function as acids. Examples of the solid acid 5 substances include usual solid acids such as zeolite

Com_pounﬁl@ﬁéliﬂ%_@'&'ﬂ?ﬂ%ﬁ%@%ﬁp@é@ﬂ%@?t% zin é@@ﬁ%%xpf@g}}%ege?&@%@ [0020] In
particular, the zeolite compounds that are inorganic 10 crystalline porous compounds malnly

composeg DEE'B%O%@QQ auminggare §F'éabi% glkylation cgtalysts fram the yiewpaints ofheat

resistance and selectivity for the target alkylated aromatic compounds. Suitable zeolite compounds are

variable degggdmg,gg th rgglﬁ_ctglgr dia neter, oftleg argggﬂc lrpggnugggveyfgg,awﬁwgg
materials and the targét alkylaLed arom tic compounds
5 zeolite and UTD-1 zeolite. Herein, the ten-membered oxygen
ring represents the size of pore diameter and indicates that
the ring structure forming the pore has a size such that the
ring structure contains ten oxygen atoms.
[0023]

10 Of the zeolite compounds, those having a pore size
approximately the same as the molecular diameter of cumene are
preferable, and zeolite compounds having a ten or
twelve-membered oxygen ring pore are more preferable.
Examples of the zeolite compounds having a ten or

15 twelve-membered oxygen ring pore include Y-type zeolite,
USY-type zeolite, mordenite, dealuminated mordenite,
p-zeolite, ZSM-12 zeolite and ZSM-5 zeolite. From the
viewpoint of cumene selectivity, P-zeolite, mordenite, ZSM-5
zeolite, ZSM~-12 zeolite and Y~type zeolite are more preferable,

20 and P-zeolite is particularly preferable.

[0024]
In the zeolite compounds, the composition ratio between

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

to0 200/1, and in view of activity and heat stability, preferably



[0021] For example, a zeolite compound having a ten to sixteen-membered oxygen ring pore is
preferably used for the 20 reaction of benzene as the aromatic compound and acetone as the ketone
to producgwmane as the al kylated aromatic compound. [0022] Examples of the zeolite
compounds having a ten to sixteen-membered oxygen ring pore include ferrierite, SF-2211 10
heulandite, ZSM-5 zeolite, ZSM-11 zeolite, ZSM-12 zeolite, NU-87 zeolite, theta-1 zeolite,
weinbergerite, X-type zeolite, Y-type zeolite, USY-type zeolite, mordenite, dealuminated mordenite,

P-zeolite, gmelinite rafirglite, eloyerite; 473163 » zeolite and, U TD-1 zeplite Jiereim fhe ten-membered
oxygen ring represents the size of pore diameter and indicates that the ring structure forming the pore

has a size such thal thegring-stiuctre CoRtRINg ten aygepatoms 002311004 the zeglits gampounds,
those having a pore size approximately the same as themoleculardiameter of cumene are preferable,

and zeolite.compounds, haying,a ten o twelvesmermpherad Qxygening pareare mate preferable.

Examples of the zeol te compounds having a ten or

such as Ga, Ti, Fe, Mn or B.
5 [0025]

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 may be

10 selected in the range of 0.01 mm to 100 mm depending on the
size of a reactor.

[0026]

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

15 The silver (Ag)-containing catalysts (catalyst
compositions) used in the invention may contain Ag as the metal
element or as a metal compound.

[0027]

Examples of the metal compounds include silver oxides

20  such as Agy0; silver halides such as AgCl, AgBr and AgI; and
metal cluster compounds such as Pt~Ag and Pd—Ag.

Examples further include silver nitrate, silver lactate,
silver acetate, silver benzoate, silver carbonate, silver

chromate, silver formate and silver cyanide.



15 twelve-membered oxygen ring pore include Y-type zeolite, USY-type zeolite, mo-denite,
dealuminated mordenite, P-zeolite, ZSM-12 zeolite and ZSM-5 zeolite. From the viewpoint of cumene
selectivity; P-zeglife, mordenite, ZSM-5 zeolite, ZSM-12 zeolite and Y-type zeolite are more preferable,
20 and P-zeolite is particularly preferable. [0024] ;, In the zeolite compounds, the composition ratio
between silicon and aluminum (silicon/aluminum) is in the range of 2/1 to 200/1, and in view of activity
and heat stability, preferably SF-2211 11 in the range of 5/1 to 100/1. Further, isomorphously
substitutedzeplite compounds may be used in which aluminum atoms in the zeolite skeleton are
substituted with other metal such as Ga, Ti, Fe, Mn or B. 5[0025] The shape of the solid acid

substances is notparticularylimited, andthe solid acid substances may be.in the formyof sphere,
cylindrical column, extrudate or crushed particles. The size of the particles of the solid acid substances
may be 1 sglected intheagaeot .01 mmio 100 mmdepending.on the. size.of agacton, J0026]
carbonyl functional groups into alcohols. Commercially
5 available hydrogenation catalysts may be used. For example,
such catalysts are marketed as supported catalysts on various
carriers.
[0029]

In a preferred embodiment, the silver-containing

10 catalyst includes a supported catalyst in which silver is
supported on a carrier (an Ag-supported catalyst).

Examples of the carriers include silica, alumina, silica
alumina, titania, magnesia, silica magnesia, zirconia, carbon,
acid clay and diatomaceous earth. In a preferred embodiment,

15 at least one carrier is selected from silica, alumina, silica
alumina, titania, magnesia, silica magnesia, zirconia and
carbon.

[0030]

The silver-containing catalysts may be used singly, or

20 two or more kinds may be used in combination.

The shape of the silver-containing catalysts is not
particularly limited, and the silver-containing catalysts may
be in the form of sphere, cylindrical column, extrudate or

crushed particles. The size of the particles of the



The solid acid substances may be used singly, or two or more kinds may be used in combination.
15The silver (Ag)-containing catalysts (catalyst compositions) used in the invention may contain Ag as
the metal glement,or as a metal compound. [0027] Examples of the metal compounds include
silver oxides 20 such as Ag20; silver halides suchjas AgC1, AgEr and Agl; and metal cluster
compounds such as Pt-Ag and Pd-Ag. Examples further include silver nitrate, silver lactate, silver
acetate, silver benzoate, silver carbonate, silver chromate, silver formate and silver cyanide. SF-2211

12 [0028] 1 ;The_silver-gontaining.catalysts.are,not padicularly limited a5 long as they haye a

capability of hydrogenating the carbonyl functional groups into alcohols. Commercially 5 available

hydrogengion catalysts may beHsad oI examRle, sugh catalysts are;marketed as supported
catalysts on various carriers.
[0031]
The silver-containing catalyst may be supported on the
5 solid acid substance. Such supportedcatalysts may be prepared
by soaking the solid acid substance in an aqueous silver nitrate
solution and calcining the solid acid substance.
Alternatively, silver may be bonded with an organic molecule
ligand to become soluble in organic solvents, and the solid
10 acid substance may be soaked in 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
solid acid substance by deposition or the like. Further, a
15 coprecipitation method may be adopted in which the solid acid
substance 1s obtained from a corresponding metal salt in the
presence of a silver salt which will form a hydrogenation
catalyst and thereby the carrier synthesis and the supporting
of the metal-containing catalyst are carried out
20 simultaneously.
[0032]
Examples of the aromatic compounds in the invention
include C6-20 compounds such as benzene homologues such as

benzene, toluene and xylene, substituted derivatives thereof,



[0029] In a preferred embodiment, the silver-containing 10 catalyst includes a supported catalyst in
which silver is supported on a carrier (an Ag-supported catalyst). Examples of the carriers include
silica, alumina, silica alumina, titania, magnesia, silica magnesia, zirconia, carbon, acid clay and
diatomaceous earth. In a preferred embodiment, 15 at least one carrier is selected from silica,
alumina, silica alumina, titania, magnesia, silica magnesia, zirconia and carbon. [0030] The
silver-containing catalysts may be used singly, or 20 two or more kinds may be used in combination.

The shapg of thesilvereontaiingcatalystsis Rotpartigary imited, andithe silver-containing
catalysts may be in the form of sphere, cylindrical column, extrudate or crushed particles. The size of

the particlesiof the, SF22kh 13 silverscontainjng catalysts may pe-selected inthedgrge of 0.01 mm to

100 mm depending on the size of a reactor. 10031]
Examples of the ketones include C3-20 compounds. Symmetric or

asymmetric ketones may be used. The groups bonded to the
5 carbonyl group may be alkyl groups or aryl groups, namely, the
ketones include acetone, methyl ethyl ketone and acetophenone.
[0033]
In particular, the most important reactionrin the
industry is the production of cumene from benzene as the

10 aromatic compound and acetone as the ketone. 1In this case, the
molar ratio of benzene to acetone (benzene/acetone) is
preferably in the range of 1 to 20. If the molar ratio is below
this range, the reaction tends to yield large amounts of
diisopropylbenzene and triisopropylbenzene.

15 Diisopropylbenzene and triisopropylbenzene can be converted
to cumene by trans—-alkylationwith benzene in the cumene process.
However, the trans-alkylation involves high reacticn
temperature and thus excessively large amounts of
diisopropylbenzene and triisopropylbenzene increase the steam

20 costs and may cause economic disadvantages. If themolar ratio
is 1in excess of the above range, the excess benzene that is
collected in a later stage after the reaction puts a heavy load
on a distillation column and may cause economic disadvantages.

[0034]



The silver-containing catalyst may be supported on the 5 solid acid substance. Such supported
catalysts maybe prepared by soaking the solid acid substance in an aqueous silver nitrate solution and
calcining the-solid-acid substance. Alternatively, silver may be bonded with an organic molecule ligand
to become soluble in organic solvents, and the solid; 10 acid substance may be soaked in 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 sealid- acid sybstanee Ry depesition:ox the-like.fygher a1 ceprecipitation. method
may be adopted in which the solid acid substance is obtained from a corresponding metal salt in the

presence of a silvarsaltvhichowill fgrm adhydrogenation catalyst and therely the-eartier synthesis and

the supporting of the metal-containing catalyst are carried out 20 simultaneously. [0032] Examples

of the aromaficcompaynds-imthe inventiondnclide Q6-20.compounds,sych.ag pepzens hemologues

such as benzene, toluene and xylene, substituted derivatives thereof, SF-2211 14 naphthalene

homologugs stichas-panhihalene andpethylnaphthalene, and subistifuted derivatives thereof.

Examples of the ketones include C3-20 compounds. Symmetric or asymmetric ketones may be used.

The groups.honded o the 3;6arany! greup may be QJJ%/lQE?L&P]f QAVLIHOUPSLNIVEY. gsketones

include acetone, methyl ethyl ketone and acetophenone. [0033
hydrogen, the hydrogen may be theoretically used at least in

an equimolar amount relative to the acetone. From the
viewpoints of separation and recovery, the hydrogen may be
preferably used in an equimolar to fifty-fold molar amount,

10 and more preferably in an equimolar to thirty-fold molar amount
relative to the acetone. When the acetone conversion is
desired to be less than 100%, the hydrogen amount may be
controlled less than the equimolar amount relative to the
acetone. 1In the reaction of the invention, the hydrogen reacts

15 with the oxygen atom in the acetone to form water, and the water
broduced.may be recovered from a reactor outlet together with
cumene. An excess of hydrogen over the acetone is not
substantially consumed as long as undesirable side reactions
take place.

20 [0035]

The hydrogen gas is generally supplied to the reaction

system continuously, but the supply methods are not
particularly limited thereto. In an embodiment, the hydrogen

gas may be supplied intermittently such that the hydrogen is



In particular, the most important reaction in the industry is the production of cumene from benzene as
the 10 aromatic compound and acetone as the ketone. In this case, the molar ratio of benzene to
acetone (henzengfacetone) is preferably in the range of 1 to 20. If the molar ratio is below this range,
the reaction tends to yield large amounts of diisoptepylbenzene and triisopropylbenzene. 15
Diisopropylbenzene and triisopropylbenzene can be converted to cumene by trans-al kylation with
benzene in the cumene process. However, the trans-alkylation involves high reaction temperature and

thus excessiygly 1argeameunts of diiseprepylberzene-and kiksopsepybenzens inciease the steam 20
costs and may cause economic disadvantages. If the molar ratio is in excess of the above range, the

excess benzepethatds collectgdina laterstage after the teaction puis adreavy Jaad-an a distillation

column and may cause economic disadvantages. [0034] SF-2211 15 In the invention, the

aromatic ggmpound andheketane sate 1eactadinthe presence oflhydrogen. Jhedydrogensherein
may be a molecular hydrogen gas or hydrogen from a hydrocarbon such as cyclohexane that

generateg hydrggen when subjegiedite yeagtioneandiions Intheseaction.ofiacetgne, benzene and

hydrogen, the hydrogen may be theoretically used at least in an equimolar amount relative to the

acetane. Erom (he.viewpaigLs,of ﬁé%i&@z@r@a@c%‘%{bﬁv@?é&'d%ﬁ‘ "pay be preferably,ysed in an

equimolar to fifty-fold molar amount, 10 and more preferably in an equimolar to thirty-fold molar

amount relative tothe geetone Whep the acetopg &9%‘?{%@94%1 dgsl r%de@u%% les§ ghan 1QQ%, the

hydrogen amount may be controlled less than the equimolar amount relative to the acetone. In the

ti [ tion, the h t ith t . th t ter,
2l 16 Wale BrogCGH Ay Do 1RCBVEISA T SEA tentlor AR TagEer Wi s mone: AN Bxcoss o

hydrogen,vet e, aceiqne g nck sybtantal congued 251909 85 udesiaple ide seagfons take

depending on the hydrogen supply methods.
10 [0036]

The reaction may be carried out by any methods under any
conditions without limitation. Exemplary conditions and
methods are described below.

The contact between the starting materials, for example

15 acetone, benzene and hydrogen gas, may take place in a
gas-liquid countercurrent flow or a gas-liquid co~current flow.
The liquid and gas directions may be descending
liguid/ascending gas, ascending ligquid/descending gas,
ascending liquid/ascending gas, or descending

20 liguid/descending gas.
[0037]

The reaction temperature in the invention is not
particularly limited, but is preferably in the range of 50 to

300°C, and more preferably 60 to 200°C. The reaction pressure



The hydrogen gas is generally supplied to the reaction system continuously, but the supply methods
are not particularly limited thereto. In an embodiment, the hydrogen gas may be supplied intermittently
such that ¢he hydrpgen is SF-2211 16 supplied at the initiation of the reaction and the supply is
suspended during the reaction and restarted after;g;prescribed time. In the case of a liquid-phase
reaction, the hydrogen gas may be supplied while being dissolved in a solvent. In a 5 recycle process,
hydrogen gas recovered from the column top together with low-boiling fractions may be resupplied.

The presswe,efdhe hydrogensupplied is,generally eayal @ tQ%rP”éﬁW%Hk@?Ee@Eéofa@ﬂ ynay be
appropriately adjusted depending on the hydrogen supply methods 10[0036] The reaction may be

carried oyt by any methods ynder any conditions without limitation. Exemplary conditions and methods
are described below. The contact between the starting materials, for example 15 acetone, benzene
and hydrogegas, may take place in a gas-liquid countercurrent flow or a gas-liquid co-current flow.
The liquid and gas directions may be descending liquid/ascending gas, ascending liquid/descending

gas, ascending liqyig/aseending gasy ar deseanding, 2p iquid/descending.0as, 400811 51 1 4
5 acid substance and the silver-containing catalyst) is not

particularly limited. 1In an embodiment in which the reaction

is performed in a fixed bed flow apparatus, the catalyst amount

may be such that the supply amount (weight) of the starting

materials (ketone + aromatic compound) per hour divided by the

10 catalyst weight (total weight of the solid acid substance and
the silver-containing catalyst), namely, the weight hourly
space velocity (WHSV) is preferably in the range of 0.01 to
100 /h, and more preferably 0.05 to 50 /h.

[0039]

15 ' The weight ratio of the solid acid substance and the
silver-containing catalyst 1s not particularly limited, but
the solid acid substance:silver-containinig catalyst (weight
ratio) isusually in the range 0of 1:0.01 t0o 1:100, and preferably
1:0.05to 1:50. An excessively small weight ratio of the solid

20 acid substance results in insufficient alkylation reaction and
low yield of alkylated aromatic compounds such as cumene, often
causing economic disadvantages. An excessively large weight
ratio of the solid acid substance can be uneconomical because

the acetone conversion is lowered.



The reaction temperature in the invention is not particularly limited, but is preferably in the range of 50
to 300C, and more preferably 60 to 200C. The reaction pressure SF-2211 17 is preferably in the
range of G;t.to 500 atm, and more preferably 0.5 to 100 atm. [0038] The amount of the catalysts (the
total amount of the solid 5 acid substance and thejgjlver-containing catalyst) is not particularly limited.
In an embodiment in which the reaction is performed in a fixed bed flow apparatus, the catalyst
amount may be such that the supply amount (weight) of the starting materials (ketone + aromatic
compoundpperdour divided by the 10 catalyst weight (total weight of the solid acid substance and the
silver-containing catalyst), namely, the weight hourly space velocity (WHSV) is preferably in the range

of 0.01 to 100 /h, and mergretesablQ-Qx-10-R0/My, (0939 1oThe weight xatio-of the,salid acid

substance and the
according to the invention, it is considered that the

silver-containing catalyst catalyzes hydrogenation of the

5 ketone into alcohol and the solid acid substance catalyzes
alkylation between the alcohol and the aromatic compound to
analkylated aromatic compound. That is, the hydrogenation and
the alkylation probably take place stepwise in the process of
the invention.

10 [0041]

In the case where the reaction is performed in a fixed
bed reactor, the packing mode of the solid acid substance and
the silver-containing catalyst may greatly affect the reaction
results. Asdescribedhereinabove, the hydrogenation reaction

15 and the alkylation reaction probably take place stepwise in
the invention. Accordingly, the catalysts are preferably
packed in the appropriate order suited for the reacﬁions in
order to catalyze the reactions effectively and prevent
undesired side-reactions.

20 [0042]

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

hydrogen pressure or low reaction temperature. In such cases,



silver-containing catalyst is not particularly limited, but the solid acid substance:silver-containinig
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-spailweight ratio of the solid 20 acid substance results in insufficient alkylation reaction
and low yield of alkylated aromatic compounds su¢h as cumene, often causing economic
disadvantages. An excessively large weight ratio of the solid acid substance can be uneconomical
because the acetone conversion is lowered. SF-2211 18 [0040] In the process for producing

alkylated gromatic cempaURds ageerding, to the inveption, it is;cansidered thatihe-silver-gantaining
catalyst catalyzes hydrogenation of the 5 ketone into alcohol and the solid acid substance catalyzes
alkylation hetween the-aleehol and the aromatic compound to an alkylated aromatic compound. That
is, the hydrogenation and the alkylation probably take place stepwise in the process of the invention.
10[0041] [ ¢ ksthe case where the reaction is performed in a fixed bed reactor, the packing mode of
the solid acid substance and the silver-containing catalyst may greatly affect the reaction results. As

describedhereinapg%e,égggﬁqrgge@@ltéo%@gggj% 13 and S;h%glk%glgg%% ée%crgiogf%obably take place

stepwise in the invention. Accordingly, the catalysts are preferably packed in the appropriate order
suiteg for 11, E%%CPQQ%%" YogLlo catalyze theieactions effedtivgly and preventyndesited.
side-reactions. 20[0042
that: (1) the solid acid substance and the silver-containing
catalyst are mixed homogeneously and packed in the reactor;
(2) a catalyst layer is formed in which the concentration of
the silver-containing catalyst is decreased at a constant rate
10 from the upstream side to the downstream side of the catalyst
layer while the concentration of the solid acid substance is
increased at a constant rate from the upstream side to the
downstream side; (3) the solid acid substance supporting the
silver-containing catalyst is packed; (4) the
15 silver-containing catalyst forms a layer (on the upstream side),
and the solid acid substance and the silver-containing catalyst
together form a layer {(on the downstream side); (5) the
silver-containing catalyst forms a layer (on the upstream side)
and the solid acid substance supporting the silver-containing
20 catalyst forms a layer (on the downstream side); (6) the solid
acid substance and the silver-containing catalyst form a layer
(on the upstream side) and the solid acid substance forms a

layer (on the downstream side); or (7) the solid acid substance

supporting the silver-containing catalyst forms a layer (on



In particular, increasing the hydrogen pressure or the reaction temperature to accelerate the reaction
rate usually involves undesired side-reactions that are not observed at low hydrogen pressure or low
reaction temperature. In such cases, SF-2211 19 the reaction results can be greatly influenced by the
catalyst packing manner. [0043] For example, the gatalysts may be packed in the 5 appropriate order
suited for the reactions in a manner such that: (1) the solid acid substance and the silver-containing
catalyst are mixed homogeneously and packed in the reactor; (2) a catalyst layer is formed in which

the conceptatiop of thessilver-gentaining catalystiis desreases at a-constantsatesl@ from,the upstream
side to the downstream side of the catalyst layer while the concentration of the solid acid substance is

increased @2 coRstaptrate frepthe;upsireany side toithe downgtream sider(3) the sqlid acid
substance supporting the silver-containing catalyst is packed; (4) the 15 silver-containing catalyst

forms a layer:(@n dhedipsiream side) and e solid acifksupstance and Bie silver-gentainingscatalyst

together form, a layer (on the downstream slde); (") the silver-containing catalyst forms a layer (on the

upstream.side) apddhe sglid acid sybstance supparting thesilyer-gontaining 2Q catalyst forms a layer

(on the downstream side); (6) the solid acid substance and the silver-containing catalyst forma layer

(on tge unstreamside) anckthe-solid acid, substance s a lLyerdanhe downsgam sideh o7 (7) the

solid acid substance supporting the silver-containing catalyst forms a layer (on

an outlet side of the reactor, in other words, this term
indicates that the materials are passed through the layer in
the last half of the reaction.

[0044]

10 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 reaction materials.

The reaction may be performed by a batch process, a

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

phase. The catalyst packing modes include fixed bed systems,

V]

fluidized bed systems, suspended bed systems and multistage

fixed bed systems.
20 [0045]
In the invention, the solid acid substance and the
silver-containing catalyst are preferably dehydrated by known
methods. In the case of fixed bed reaction system, the solid

acid substance and the metal-containing catalyst may be



SF-2211 20 the upstream side) and the solid acid substance 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 startinggnatefials are passed through the layer in 5 the first half of the reaction. The term
downstream side means an outlet side of the reactor, in other words, this term indicates that the
materials are passed through the layer in the last half of the reaction. [0044] 10In an embodiment for
carrying out the invention, the reaction may be carried out in a diluted reaction system by supplying a

solvent or-gasithat isdnef to thecatalysts and the reagliopmatedals  The feaction mayRe
performed by a batch process, a 15 semi-batch process or a continuous flow process. The reaction

phase may be a liquid pbase, @ gas,phase ona gas-liquid mixed phase. Fhe satalyst packing modes
include fixed bed systems, fluidized bed systems, suspended bed systems and multistage fixed bed

systems. 20[0043l., o Inbe inyention, the solid acid spbstance,and fhe silvecontaining catalyst are

preferably dehydrated by known methods. In the case of fixéd bed reaction system, the solid acid

SUbStam%@”Qé%m%akﬁ%“?é@[ﬂgfégﬁ'x% e t%e_leer—~contaim’.ng catalyst that

5 is a hydrogenation catalyst, the dehydration treatment may be
followed by a treatment under a stream of hydrogen.
[0046]

In the event that the catalyst activity is lowered after

a time of reaction, the solid acid substance and the
10 silver-containing catalyst may be regenerated by known methods
to recover the activity.

Tomaintain the yield of the alkylated aromatic compounds
such as cumene, two or three reactorsmay be arranged in parallel
to adopt a merry-go-round system in which the catalysts in one

15 reactor are regenerated while the reaction is continuously
carried out in the remaining one or 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

20 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 of the catalysts
is newly added to maintain the activity at a constant level.

[0047]



SF-221i 21 dehydrated by being held at a temperature of 300C or above for at least 10 minutes while
passing an inert gas such as nitrogen or helium through the reactor packed with the catalysts. To
develop theg-agtivity of the silver-containing catalyst that 5 is a hydrogenation catalyst, the dehydration

treatment may be followed by a treatment under apstream of hydrogen. [0046] In the event that the
catalyst activity is lowered after a time of reaction, the solid acid substance and the 10
silver-containing catalyst may be regenerated by known methods to recover the activity. To

maintain the yieldzof the alkylatedaromaticconpeasids sHeh as eymene dtwo-enthteereactors maybe
arranged in parallel to adopt a merry-go-round system in which the catalysts in one 15 reactor are

regeneratedviilerihe reaction i eentintiodsly £apiad, o im the-remaining opg ©% twe feactors. When
the process involves three reactors, two of these reactors maybe connected in series to stabilize the

production putRut.1Whendhe reaetien iseareedaut inba duidized bedflow reactier 20;system or in a
moVing bed reaction system, part or the whole of the catalysts maybe withdrawn from the reactor
continuously-ef jntermittently wihilg a:corresponding amount of the catalysts is newly added to maintain
the activity at a constant level. [0047] SF-2211 22

5 The cumene obtained by the process of the invention may
be used as a material for the production of phenol and acetone.
In detail, the process of the invention may be used in a phenol
production process in which cumene is oxidized and decomposed
through the following steps (a) to (d). Various modifications
10 may be made to such processes. The step (c) is performed
according to the process for producing alkylated aromatic
compounds as described hereinabove.
Step (a): Cumene is oxidized into cumene hydroperoxide.
Step (b): The cumene hydroperoxide is acid decomposed to
15 give phenol and acetone.
Step (c): The acetone from the step (b) is reacted with
hydrcgen and benzene to give cumene.

Step (d): The cumene from the step (c) is circulated to

20 [0048]
In more detail, the process for producing phenols
according to the invention comprises:
(a) a step of oxidizing cumene into cumene hydroperoxide;

(b) a step of acid decomposing the cumene hydroperoxide



By the processes for producing alkylated aromatic compounds described hereinabove, cumene may
be obtained directly from, for example, acetone that is by-produced in the production of phenols. 5The
cumene obtained py the process of the invention may be used as a material for the production of
phenol and acetone. In detail, the process of the ingention may be used in a phenol production
process in which cumene is oxidized and decomposed through the following steps (a) to (d). Various
modifications 10 may be made to such processes. The step (c) is performed according to the process

for produging alkylated aromaficcompaungs asdesgebed hereinabove. Step (a): Cumene is
oxidized into cumene hydroperoxide. Step (b): The cumene hydroperoxide is acid decomposed to 15

give phenol and agcefones « o, tePAek Jhe acetone from thestepR) 43, eacted withyhydrogen and

benzene to give cumene. Step (d): The cumene from the step (c) is circulated to the step (a).

20[0048] 1, , 4 10, More detailthe processforprodycing phepgls according;to the invention comprises:

(a) a step of oxidizing cumene into cumene hydroperoxide; (b) a step of acid decomposing the cumene

hydroperoxide (d) a step of circulating the cumene from the step (c)

5 to the step (a).

The step (c) is performed by the process for producing
alkylated aromatic compounds described above. In detail, in
the step (c), the aromatic compound and the ketone are reacted
with hydrogen in the presence of the solid acid substance and

10 the silver-containing catalyst.
[0049]

According to the step (c), the by-product acetone can be
converted to cumene in a single reaction step. The cumene
obtainedmay be used as amaterial for the production of phenols.

15 In the phenol production process, the step (a) may be
performed by a conventional method without limitation as long
as cumene hydroperoxide 1s obtained. The step (b) may be
carried out by a known method without limitation as long as
phenol and acetone are obtained. The cumene initially fed in

20 the step (a) may be obtained by a known method or by the process
for producing alkylated aromatic compounds according to the

invention.

EXAMPLES



SF-2211 23 to synthesize phenol and acetone; (c) a step of reacting the acetone from the step (b)
with hydrogen and benzene to synthesize cumene; and (d) a step of circulating the cumene
from the step £e);5to the step (a). The step (c) is performed by the process for producing alkylated
aromatic compounds described above. In detail, i the step (c), the aromatic compound and the
ketone are reacted with hydrogen in the presence of the solid acid substance and 10 the
silver-containing catalyst. [0049] According to the step (c), the by-product acetone can be
converted tppgigmene in a single reaction step. The cumene obtained may be used as a material for
the production of phenols. 15In the phenol production process, the step (a) may be performed by a

conventional methed withost imitation,asl8pg,asicumenedydraparaxide is-ehlaingds Jhe step (b) may
be carried out by a known method without limitation as long as phenol and acetone are obtained. The

cumene igifially feddn 29.the step(3) maybe @Q&ﬁh&edﬁm@%nﬂn@h%&éwé@ process for

producing alkylated aromatic compounds according to the invention. EXAMPLES

invention.
5 [Example 1]
[Preparation of catalyst]

A 300 ml pear shaped flask was chargedwith 30.0gof silica
gel powder (CARIACT Q-15, manufacturedby Fuji Silysia Chemical
Ltd.) and a solution of 6.4 g of silver lactate 0.5 hydrate

10 (Wako Pure Chemical Industries, Ltd.) in 100 ml of ion exchange
water. Water was distilled away at a reduced pressure of 10
mm Hg at 40 to 50°C, and the residue was dried overnight under
a stream of nitrogen. Subsequently, reduction treatment was
performed in a hydrogen atmosphere while increasing the

15 temperature from 100°C to 320°C in 5 hours, followed by natural
cooling. As a result, 32.9 g of 10% Ag/silica gel catalyst
(supported‘catalyst) was obtained as black powder.
[Production of cumene]

A fixed bed reaction apparatus was used which was equipped

20 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 a back pressure valve. Apressurizedliquid-phase downflow

reaction was carried out in the reaction apparatus.



SF-2211 24 [0050] The present invention will be described in greater detail by presenting
examples without limiting the scope of the invention. 5[Example 1] [Preparation of catalyst] A 300
ml pear shaped flask was charged with 30.0 g of silica gel powder (CARIACT Q-15, manufactured by
Fuji Silysia Chemical Ltd.) and a solution of 6.4 g etsilver lactate 0.5 hydrate 10 (Wako Pure Chemical
Industries, Ltd.) in 100 ml of ion exchange water. Water was distilled away at a reduced pressure of 10
mm Hg at 40 to 50C, and the residue was dried overnight under a stream of nitrogen. Subsequently,
reduction treatment was performed in a hydrogen atmosphere while increasing the 15 temperature
from 100C to 320C in 5 hours, followed by natural cooling. As a result, 32.9 g of 10% Ag/silica gel

catalyst (supporteghcatalystwas.ebtainedsaslack powdst. [Prodyction,of cumene] Aqfixed,bed

reaction apparatus was used which was equipped 20 with a high-pressure feed pump, a high-pressure

hydrogengnass flaw conirallary & high-pressute pirpgen massflow,cantroller, an-elgctic fyrpace, a

reactor having a catalyst-packing part, and a back pressure valve. A pressuti zed liquid-phase

downﬂOWDEEQCH%%%SSC@HQQS%% iré@et !‘De%%tij 8p§616awr§ The silver-containing
5 catalyst in an amount of 6.0 g was mixed with 1.0 g of B-zeolite
(manufactured by JGC Catalysts and Chemicals Ltd., compacted
at 20 MPa and classified to 250 to 500 um), and the mixture
was packed in the reactor to form a catalyst layer.
[0052]

10 The pressure was increased to 4.5 MPa with hydrogen.
Under a stream of hydrogen at 8.3 ml/min, a benzene/acetone
(5/1 molar ratio) mixture liquid was passed at 175°C at a rate
of 0.50 g/h (WHSV = 0.07 /h, hydrogen/acetone molar ratio =
20) .

15 [0053]

The reaction products were sampled at the outlet of the
reactor. The gas phase and the liquid phase were analyzed by
gas chromatography.

The reaction results are set forth in Table 1. The cumene

20 selectivity is high compared to the result in Comparative
Example 1 below.

[0054]
[Comparative Example 1]

Reaction was performed in the same manner as in Example



SF-2211 25 [0051] The reactor was a SUS 316 reactor having an inner diameter of 1 cm. The
10% Ag/silica gel catalyst was compacted at 20 MPa and was classified to 250 to 500 m. The
silver-containipg 5 catalyst in an amount of 6.0 g was mixed with 1.0 g of -zeolite (manufactured by
JGC Catalysts and Chemicals Ltd., compacted at 2§ MPa and classified to 250 to 500 m), and the
mixture was packed in the reactor to form a catalyst layer. [0052] 10The pressure was increased to 4.5
MPa with hydrogen. Under a stream of hydrogen at 8.3 ml/min, a benzene/acetone (5/1 molar ratio)
mixture liqyidevasdpassedat 156 aba ratg of 01308/ AVHSM 20.94 #hyhydreggn/asetongymolar ratio

= 20). 15[0053] The reaction products were sampled at the outlet of the reactor. The gas phase
and the liquid phase wersanalyzechy gas chmmatpgraphye t ure d 8 reactionkesults arg set forth in

Table 1. The cumene 20 selectivity is high compared to the result in Comparative Example 1 below.
[0054] [Cemparative fxample 1y 353, cr 31%, Ba 2%, Mn 3%). The reaction
results are set forth in Table 1. A large amount of propane
5 was produced as a by-product.

[0055]

[Table 1]



Reaction was performed in the same manner as in Example SF-2211 26 1, except that the 10%
Ag/silica gel catalyst was replaced by 1.0 g of copper chromite (G99b manufactured by Sud-Chemie
AG, element mass %: Cu 35%, Cr 31%, Ba 2%, Mn 3%). The reaction results are set forth in Table 1.
A large amount of propane 5 was produced as a by-product. [0055] [Table 1] SF-2211 28

High-boiling
fractions

Triisopropyl
benzene

benzene
6

Selectivity (%) /acetone
Diisopropyl

Cumene
7
0

5

Propane
39.

27

Acetone
99.9
9

conversion (%)

Hydrogen/acetone
(molar ratio)
20
20

Reaction
temperature
175°C
175°C

SF-2211
Table 1
Ex.
Comp.
Ex.




INDUSTRIAL APPLICABILITY [0056] According to the present invention, a ketone and an
aromatic compound may be reacted directly in a single reaction 5 step to yield a corresponding
alkylated grematicicompound. The processes of the invention thus provide industrial and practical
advantages. By the processes of the invention, cupiene can be obtained directly from acetone that is
by-produced in the production of phenols by the cumene process. The cumene 10 obtained according
to the invention may be used as a material for the production of phenol and acetone. The present

invention mayleerappliedA@ processes inwhich cumene is oxidized and then decomposed. SF-2211
29 CLAIMS 1. A process for producing alkylated aromatic 5 compounds, comprising reacting an

aromatic qgupeund, a ketone and hydrogen in the presence of a solid acid substance and a
silver-containing catalyst. 2. The process for producing alkylated aromatic 10 compounds

according to claim 4 cwhereinthearematic campund jshenzens, and theketane is acgtone.

aromatic compound may be reacted directly in a single reaction
5 step to yield a corresponding alkylated aromatic compound. The
processes of the invention thus provide industrial and
practical advantages. By the processes of the invention,
cumene can be obtaineddirectly fromacetone that is by-produced
in the production of phenols by the cumene process. The cumene
10 obtained according to the invention may be used as a material
for the production of phenol and acetone. The present
invention may be applied to processes in which cumene is

oxidized and then decomposed.



3. The process for producing alkylated aromatic compounds according to claim 1,
whereinthesolidacidsubstance 15 is a zeolite compound. 4-The process for producing alkylated
aromatic sgeippaunds according to claim 1, wherein the solid acid substance is a zeolite compound
having a ten to sixteen-membered oxygen 20 ringgsore. 5.The process for producing alkylated
aromatic compounds according to claim 1, wherein the solid acid substance is a zeolite compound
having a ten or twelve-membered oxygen SF-2211 30 ring pore. 6. The process for producing
alkylated aromatic compounds according to claim |,whereinthesolidacidsubstance 5 is at least one
zeolite compound selected from the group consisting of -zeolite, mordenite, ZSM-5 zeolite, ZSM-12
zeolite and Y-type zeolite. 7. The processfermpreducing alkylated aromatic 10 compounds
according to claim l,whereinthesolidacidsubstance is 13-zeolite.
1. A process for producing alkylated aromatic
5 compounds, comprising reacting an aromatic compound, a ketone

and hydrogen in the presence of a solid acid substance and a

silver-containing catalyst.

2. The process for producing alkylated aromatic
10 compounds according to claim 1, wherein the aromatic compound

is benzene, and the ketone is acetone.

3. The process for producing alkylated aromatic
compounds according to claiml, wherein the solid acid substance

15 1s a zeolite compound.

1SN

The process for producing alkylated aromatic
compounds according to claim 1, wherein the solid acid substance
is a zeolite compound having a ten to sixteen-membered oxygen

20 ring pore.

5. The process for producing alkylated aromatic
compounds according toclaim 1, wherein the solid acid substance

is a zeolite compound having a ten or twelve-membered oxygen



8. The process for producing alkylated aromatic compounds according to claim 1, wherein the catalyst

includes 15 a supported catalyst in which silver is supported on a carrier. 9. The process for
producingsalkglated aromatic compounds according to claim 1, wherein the reaction is catalyzed by a
mixture of the solid acid substance and the 20 silvep-containing catalyst. 10. A process for

producing phenols, comprising: (a) a step of oxidizing cumene into cumene hydroperoxide; (b) a step
of acid decomposing the cumene hydroperoxide SF-2211 31 to synthesize phenol and acetone;
(c) a stepnof neagting¢he acetone from the step (b) with hydrogen and benzene to synthesize cumene;
and (d) a step of circulating the cumene from the step (c) 5to the step (a); the step (c)
being performed by the process for producing alkylated aromatic compounds according to claim 1.
6. The process for producing alkylated aromatic
compounds according toclaim 1, wherein the solid acid substance
5 is at least one zeolite compound selected from the group

consisting of B-zeolite, mordenite, ZSM-5 zeolite, ZSM-12

zeolite and Y-type zeolite.

7. The process for producing alkylated aromatic
10 compounds according to claim 1, wherein the solid acid substance

is P-zeolite.

8. The process for producing alkylated aromatic
compounds according to claim 1, wherein the catalyst includes

15 a supported catalyst in which silver is supported on a carrier.

9. The process for producing alkylated aromatic
compounds according to claim 1, wherein the reaction is
catalyzed by a mixture of the solid acid substance and the

20 silver-containing catalyst.

10. A process for producing phenols, comprising:
(a) a step of oxidizing cumene into cumene hydroperoxide;

(b) a step of acid decomposing the cumene hydroperoxide



SF-2211
31

to synthesize phenol and acetone;

(c) a step of reacting the acetone from the step (b) with
hydrogen and benzene to synthesize cumene; and

(d) a step of circulating the cumene from the step (c)
to the step (a):;

the step (c) being performed by the process for producing

alkylated aromatic compounds according to claim 1.



