
1 DESCRIPTION      PROCESS FOR PRODUCING ALKYLATED AROMATIC COMPOUNDS AND
PROCESS 5 FOR PRODUCING PHENOL FIELD OF INVENTION [0001]           The present invention
relates to processes for producing 10 alkylated aromatic compounds and processes for producing
phenol. BACKGROUND ART [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
which is currently a mainstream process for the production of 20 phenol. [0003]        The cumene
process gives acetone as a by-product, anb is therefore valuable when both phenol and acetone are
rechhred. However, if the acetone produced is in excess of demand, the  2 economic efficiency is
deterioratedduetothepricedifference between acetone and starting materialpropylene. Methods have
beenthenproposedwhichareaimedatbenefittingfromthep re
tt difference between starting material olefins and by-product ketones. For example, secondary butyl
benzene obtained from n-bu ene and benzene is oxidized and acid decomposed to give phenol and
methyl ethyl ketone (Patent Literatures 1 and 2). According to this method, the oxidation of the
secondary butyl benzene achieves only about 80% selectivity for the target 



10 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] It is also proposed
that cyclohexyl benzene obtained from 15 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 a low
industrial value because the oxidation of the cyclohexyl 20 benzene provides a low yield of the target
cyclohexyl benzene hydropercxide. [0005]  3 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 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 Literature 3 discloses a process in which acetone is
reused as a material 10 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] Patent Literatures 4 to 6
disclose methods in which 15 isopropanol from the hydrogenation of ace-one is directly reacted with
benzene to give 'cumene. In particular, Patent Literature 6 discloses a process in whichby-product
acetone is hydrogenated to isopropanol, the isopropanol is reacted benzene, and the resultant
cumene is reacted to give phenol. 20In this process, however, the hydrogenation adds a step to the
cumene process. [0008]         Patent Literature 7 describes a method in which by-product acetone is
reused without adding a step to the  conventional cumene process. In detail, ketone, e.g., acetone is
reacted directly with aromatic compound, e.g., benzene and hydrogen the presence of a catalyst
composition including a solid acid substance and copper to give an lkylated aromatic compound.
[000.9]        However, Patent Literature 7 does not disclose that the reaction is performed in a
trickle-bed zone. 10 Citation List 20  



Patent Literature [0010]     Patent Literature Patent Literature 2004/0162448 Patent Literature Patent
Literature Patent Literature Patent Literature Patent Literature 1: JP-A-S57-91972 2:
U.S.PatentPublication 3: JP-A-H02-174737 4: JP-A-H02-231442 5: JP-A-H11-35497 6:
JP-A-2003-523985 7: JP-A-2005-513116  SUMMARY OF INVENTION Technical Problem [0011]
When acetone is used as the alkylatincragent in the cumene production, water that is by-produced
during the reaction covers the acid sites of a zeolite catalyst to weaken the acid strength. It is therefore
expected that the catalytic activity and the catalyst life are lowered compared to conventional
processes using propylene as the alkylating agent. Accordingly, larger amounts of catalysts are
required and the reactor size should be excessively largeincreasing equipment costs. 10[0012] 



Such disadvantages should be solved in the industrial cumene production by alkylating benzene with
acetone. [0013] It is an object of the present invention to provide an 15 efficient process for producing
alkylated aromatic compounds such as cumene by directly reacting an aromatic compound such as
benzene with a ketone such as acetone and hydrogen in a compact reactor. It is another object of the
invention to provide a process for producing phenol which includes a step 20 of producing cumene by
the above a Yion process. Solution to Problem [0014]  6 aforementioned problems. They have then
found that alkylated aromatic compounds may be obtained with very high ketone conversion and very
high selectivity for alkylated aromaticcompounds by feeding raw materials including an aromatic
compound, a ke o e and hydrogen in a gas-liquid downward concurrent flow mode to a fixed-bed
reactor packed with a catalyst, and reacting the raw materials while regulating the components
constituting the catalyst and the reaction gas flow rate. 10[0015]        The present invention is
concerned with processes for producing alkylated aromatic compounds and processes for producing
phenol as described in (1) to (9) below [00161 15(1) A process for producing alkyla ed aromatic
compounds comprising feeding ray materials including an aromatic compound, a ketone and hydrogen
in a gas-liquid do nward concurrent flow mode to afixed-bed reactor packed with a catalyst thereby to
produce an alkylated aromatic compound, 20wherein 



the catalyst comprises a solid acid component and a metal component comprising at least one metal
selected from he group consisting of copper, nickel, cobalt and rhenium, the catalyst is loaded in the
fixed-bed reactor such that  the catalyst forms a catalyst layer having a single layer or a plurality of
layers, and        the reaction gas flow rate defined by Equation (1) below is not less than 0.05 at an
entrance of a layer containing the 5 solid acid which layer is included in the catalyst layer: [0017]
pg.ug.[pair-pwater/(pg'pl)](kgm-2        wherein pg is the density of the reaction gas, pl is the density of
the reaction liquid, pair is the gas density of air, 10 pwater is the gas density of water, and ug is the
superficial velocity of the reaction gas.         (2) The process for producing alkylated aromatic
compounds as described in (1), wherein the catalyst layer is a single catalyst layer (A) comprising the
catalyst or is a catalyst layer .(B) which includes an upstream ayerl comprising the metal component
and a downstream layer 2 comprising the solid acid component or comprising the solid acid
component and the metal component, and wherein           the entrance of a layer containing the solid
acid is an 20 entrance of the catalyst layer (A) or an entrance of the layer 2. [0018]  in the reactor is in
askle-bed zone. 



[0019] (4) The process for producing alkylated aromatic     compounds as described in any one of (1)
to (3), wherein the 5 metal component further comprises at least one element,selected from the group
consisting of Group IIB elements, Group IIIA elements, Group VIB elements and Group VIII elements
(except nickel and cobalt). [0020] 10(5) The process for producing alkylated aromatic compounds as
described in any one of (1) to (4), herein the solid acid component is zeolite. [0021]           (6) The
process for producing alkylated aromatic 15compounds as described in (5), wherein the zeolite has a
ten to twelve-membered ring structure. [0022]           (7) The process or producing alkylated aromatic
compounds as described in any one of (1) to (6), wherein the 20catalyst layer is a catalyst layer (B)
which includes an 



upstream layer 1 comprising the metal component and a downstream layer 2 comprising the solid acid
component or comprising the solid acid component and the metal component. [0023]  9         (B) The
process for producing alkylated aromatic compounds as described in any one of (1) to (7), wherein the
aromatic compound is benzene and the ketone is acetone. [0024] 5(9) A process for producing phenol,
comprising the step  (a) to the step (d) described below wherein the step (c) is performed according to
the process for producing alkylated aromatic compounds described in (8); step (a): a step of oxidizing
cumene into cumene 10 hydroperoxide;        step (b): a step of acid decomposing the cumene
hydroperoxide to obtain phenol and acetone; step (c): a step of reacting the acetone from the step
(b) with benzene and hydrogen to synthesize cumene; and 15step (d)5 a step of circulating the
cumene from  (c) to the step (a). 



Advantageous Effects of Invention [0025] 20According to the processes for producing alkvlated
aromatic compounds of the present invention, starting materials (raw materials) including a ketone
such as acetone, an aromatic compound such as benzene and hydrogen are reacted together in a
single reaction step to give an alkylaromatic  10 compound such as cumene with higher yield than
achieved heretofore_ The processes of the inve t on thus provide industrial and practical advantages.
The cumene produced according to the processes of the invention is E,C he same quality as cumene
obtained from propylene or isppropanol and benzene. [0026]        The processes for producing phenol
according to the inVenLion have adopted theabove process of producingalky.,_ated 10 aromatic
compounds, and thereby acetone that is by-produced in the phenol production is recycled without
increasing the  number of steps of the conventional cumene process. The processes for producing
phenol of the present invention can produce phenol with great process advantages and economic
advantages. Brief Description of Drawing [0027] Fig. 1 is a plot diagram in which flow states in
Examples 20 and Comparative Examples are plotted in a diagram showing flow  zones in gas-liquid
downward concurrent packed layers that is described in "Shokubai Kouza (Catalyst Courses) Vol.
(Engineering Part 2), Shokubai Hannou Souchi to Sono Sekkei (Catalyst reaction apparatus and its
design)", Catalysts 



11 Society of Japan, Kodansha Ltd., December 1985, first impression, p. 182. DESCRIPTION OF
EMBODIMENTS [0028]        In a proceis for producing alkylated aromatic compounds according to the
present invention, raw materials including an aromatic compound, a ketone and hydrogen are fed in a
gas-liquid downward concurrent flowmodetoa fixed-bed reactor packed with a catalyst to produce an al
kylated aromatic compound. The catalyst comprises a solid acid component and a metal component
comprising at least one metal selected fromtheDgroup consisting of copper, nickel, cobalt and
rhenium. The catalyst is loaded in the fixed-bed reactor such that the catalyst forms 15 a catalyst layer
having a single layer or a plurality of layers. The reaction gas flow rate defined by Equation (1) below
is not less than 0.05 at an entrance of a layer containing the solid acid which layer is included in the
catalyst layer: [0029] 20pgmugm[pairmpwater/(pgmpl)"fl (kgm-2s-1) m m (1)        wherein pg is the
density of the reaction gas, pl is the density of the reaction liquid, pair is the gas density of air, 



pwteD is the gas density of water, and ug is the superficial velocity of the reaction gas.  12        In the
processes for producing alkylated aromatic compounds, the raw materials including an aromatic
compound, a ketone and hydrogen are fed to a fixed-bed reactor packed with a catalyst, and the
ketone is hydrogenated in the reactor 5 to an alcohol and the alcohol alkylatep the aromatic
compound. [0030]        The reaction mode in the processes for producing alkylated aromatic
compounds is in detail as follows. The metal component forming the catalyst catalyzes the 10
hydrogenation of the ketone into an alcohol. The hydrogenation is preferably carried out by a gas liquid
solid three phase reaction in a trickle-bed zone (perfusate flow) as described in the hydrogenation
reaction injapanese Patent No. 2724001. In the trickle.-bed zone, the liquid trickles over the outer 15
surface of the catalyst and part thereof is attached to narrow pores in the catalyst. In either case, the
liquid is scattered as individual masses forming a di spersed phase . Meanwhile, the gas surrounds the
catalyst and the liquid, forminga continuous phase. Flow zones in gas-liquid downward concurrent
packed 20 layers are shown in Fig. 1. Fig. 1 is based on data obtained with an air-water system. Flow
zones with other systems in Fig. 1 may be prepared in consideration of correction terms based on
differing physical properties. The shaded parts indicate ranges where boundaries exist ("Shokubai
Kouza (Catalyst  13 Courses) Vol. 6, (Engineering Part 2), Shokubai Hannou Souchi to Sono Sekkei
(Catalyst reaction apparatus and its design)", Catalysts Society of Japan, Kodansha Ltd., December
1985, first impression, p. 182). The trickle-bed zone has the same 5 definition as the perfusate flow
zone. [0031]        When the reactants in the reactor have a flow state in thetrickle-bed zone, the
concentration distribution in the system is uniform and mild operation is possible, the facility 10 does
not have to be high-pressure resistant, the physical load on the catalyst is lowered, and catalyst
damage is prevented as described in JP-A-H11-116523. 



[0032] After he alcohol formation by the hydrogenation of 15 ketone, the solid acid component forming
the catalyst catalyzes the alkyl t'on of the aromatic compound with the alcohol to afford an alkylated
aromatic compound. This reaction is a liquid solid two phase reaction. In the system, however,
hydrogen which has been fed in excess for the hydrogenation 20 reaction is present although such
hydrogen is not involved in the alkylation reaction. Accordingly, the system has three, namely gas,
liquid and solid, phases. According to the invention, hydrogen which is not involved in the alkylation
reaction is supplied in an increased amount and thereby the  14 results of alkylation reaction by the
alcohol are drastically improved. In view of stable operation of the reactor and reduced catalyst
damages, the alkylation of the aromatic compound with thealcohol'is preferably performed in a 5
trickle-bed zone (perfusate flow). [00331        That is, the flow state in the reactor in the processes for
producing alkylated aromatic compounds of the invention is preferably in a trickle-bed zone. 10[0034]
As described above, the process for producing alkylated aromatic compounds of the invention involves
two reactions: hydrogenation and alkylation, and the metal component catalyzes thefl hydrogenation
and the solid acid component 15 contributes to the alkylat on. The catalyst used in the invention is
formed of the solid acid component and the metal component including at least one metal selected
from the group consisting of copper, nicke1, cobalt and rhenium. The catalyst may be loaded in a
fixed-bed reactor in any manner without 20 limitation as long as the catalyst forms a catalyst layer
having a single layer or a plurality of layers. 



[0035]  15 has an upstream layer 1 formed of the metal component and a downstream. layer 2 formed
of the solid acid component or formed of the solid acid component and the metal component, and a
catalyst layer (3) in which a layer formed of the metal component 5 and a layer formed of the solid acid
component are alternately stacked. In particular, from the viewpoints of economic efficiency and
catalyst loading rationality in the setting up of the reactor which are attributed to the simple constitution
of the catalyst layer, the catalyst layer is preferably a single 10catalyst layer (A) formed of the catalyst
or a catalyst layer (B) which has an upstream layer 1 formed of the metal component and a
downstream layer 2 formed of the solid acid component or formed of the solid acid component and the
metal componen [0036] 15In a particularly preferred embodiment, the catalyst is loaded in a fixed-bed
reactor to constitute the catalyst layer (B). According to this preferred embodiment, the raw materials
are at passed through the layer 1 which is formed of the metal component catalyzing the
hydrogenation and are 20 thereafter passed through the layer 2 which contains the solid acid
component catalyzing the alkylation, and thereby alkylated aromatic compounds may be obtained
efficiently. [0037]  16 Equation (1) below is not less than 0.05 at an entrance of a layer containing the
solid acid which layer is included in the catalyst layer. In the case where the catalyst layer is the
catalyst layer-(A), the catalyst layer (A) itself is the layer containing the solid acid. When the catalyst
layer is the catalyst layer (B), the layer 2 is the layer containing the solid acid. In the invention, the
reaction gas refers to a gas phase component in the reactor. That is, the reaction gas includes all
components existing in the form of gas, in detail 10 hydrogen fed as a raw material, evaporated
aromatic compound and ketone, and evaporated alkylated aromatic compound, water and alcohol. In
the invention, the reaction liquid refers to a liquid phase component in the reactor. That is, the reaction
liquid includes all components existing in the form of liquid, 



15 in detail aromatic compound and ketone fed as raw materials, hydrogen dissolved in the liquid
phase, and aLkylated aromatic compound, water and alcohol. [0038] pg.ug.[pa.pwater/(Pg-P1)] 1/2 (
kgm-2s- 20wherein pg is the density of the reaction gas, pi_ is the  density of the reaction liquid, pair is
the gas density of air, pwater is the gas density of water, and ug is the superficial velocity of the
reaction gas. 'Equation (1) above corresponds to the y-axis in the flow  17  zone diagram in Fig. 1.
When the reaction gas flow rate defined by Equation (1) is 0.05 or above, high cumene selectivity is
achieved. The reaction gas flow rate is more preferably in the range of 0.08 to 0.6. [0039] In Fig.the
x-axis indicates the flow rate of the reaction liquid, represented by Equation (2) below. The reaction
liquid flow rate represented by Equation (2) has been found less influential to the efficiency and results
of the 10 production of alkylated aromatic compounds by the processes according to the present
invention, compared to the reaction gas flow rate expressed by Equation (1). pl.u1.[(awater/a)
(pwate.,/p1 ) 2] 1/3 (kgra-2s-1), (2) wherein pl is the density of the reaction liquid, pwater 15 is the gas
density of water, a is the surface tension of the reaction liquid, awater is the surface tension of water,
and ul is the superficial velocity of the reaction liquid. 



As described herflabove, it is preferable in the processes for producing alkylated aromatic compounds
that the 20 flow state in the reactor is in a trickle-bed zone. The flow rate of the reaction liquid does not
adversely affect the processes of the invention as long as the flow state is in a trickle-bed zone. [0040]
18        Examples of the aromatic compounds used in the processes for producing alkylated aromatic
compounds include benzene and naphthalene, with benzene being preferred. Examples of the
ketones include acetone and methyl ethyl ketone, with acetone 5 being preferred. [0041]        That is,
in a preferred embodiment of the processes for producing alkylated aromatic compounds of the
invention, the aromatic compound is benzene and the ketone is acetone, and the alkylated aroma c
compound obtained in this case is cumene. [0042)        The catalyst used in the invention includes a
solid acid component and a metal component containing at least one metal selected from the group
consisting of copper, nickel, cobalt 15 and rhenium. The catalyst may include other components. The
catalyst may be formed (prepared) by any methods without     itation. In an embodiment, the solid acid
component and the metal component containing at least one metal selected from copper, nickel,
cobalt and rhenium may be physically mixed on 20 a catalyst particle level with a centimeter size. In
another embodiment, the solid acid component and the metal component contain g at least one metal
selected from copper, nickel,  19 into catalyst particles with a centimeter size. In a still another
embodiment, the solid acid component may be used as a carrier, and the metal component containing
at least one metal selected from cooper, nickel, cobalt and rhenium: may be 



5 supported thereon. Alternatively, the metal coMponent containing at least one metal selected from
copper, cobalt and rhenium may be used as a carrier; and the solid acid component may be supported
thereon. [0043] 10The solid acid components used in the invention are catalysts that function as acids.
Examples of the solid acid components include usual solid acids such as zeolite, silica alumina,
alumina, sulfate-promoted zirconia and W03-promoted zirconia. 15[0044]         In particular, the
zeolites that are inorganic crystal' e porous compounds composed of silicon and aluminum are suitable
solid acid components from the viewpoints of heat resistance and selectivity for the target alkylated
aromatic 20 compounds (such as cumene). [0045]         For the production of cumene as the alkylated
aromatic compound, a zeolite is preferably used which has a ten to twelve-membered ring structure
having a pore similar in size  20 



to the molecular diameter of cumene. [0046]        Examples of the zeolites having a twelve-membered
ring structure include Y-type zeolit, USY-type zeolite, mordenite 5 type zeolit , dealuminated mordenite
type zeolite, P-zeolite, MCM-22-type zeolite and MOM-SE-type zeolite. In particular, ft-zeolite,
MCM-22-type zeolite and MOM-56-type zeolite have suitable structures. [0047] 10In the zeolites, the
composition ratio between silicon  and aluminum may be suitably in the range of 2/1 to 200/1, and in
view of activity and heat stability, preferably in the range of 5/1 to 100/1. Further, isomorphously
substituted zeolites may be used in which aluminum atoms in the zeolite skeleton 15are substituted
with other metal such as Ga, Ti, Fe, Mn or B. [0048]        The shape of the solid acid components is
not particularly limited, and the solid acid components may be in the form of sphere, cylindrical
column, extrudate or crushed pieces. The 20 size of the particles of the solid acid components may be
selected in the range of 0.01 mm to 100 mm depending on the size of a reactor. 10049] The metal
components containing at least one metal  21 selected from copper, nickel, cobalt and rhenium may
be metal simple substances, metal oxides such as Re02, Re207, Ni0 and CuO, metal chlorides such
as ReC13, NiC12 and CuC12, and cluster metals such as Ni-Cu and Ni-Cu-Cr. [0050] 



The metal components containing at least one metal selected from topper, nickel, cobalt and rhenium
are not particularly limited as long as they have a capability of hydrogenating the carbonyl functional
groups into alcohols. 10 Commercially available hydrogenation catalysts may be used. For example,
such catalysts are marketed as supported catalysts on various carriers, with examples including 5%
Re carbon catalysts, 5% Re alumina catalysts, silica alumina-supported nickel catalysts and catalysts
supported on these carriers in 15varied amounts, for example 1% or 0.5%. In a preferred embodiment,
at least one carrier is selected from silica, alumina, silica alumina, titania, magnesia, silica magnesia,
zirconia and carbon. [0051] 20The shape of the metal components containing at least one metal
selected from copper, nickel, cobalt and rhenium is not particularly limited, and they may be in the form
of sphere, cylindrical column, extrudate or crushed pieces. The size of the partiCles of the metal
components may be selected in the  22 range of 0.01 mm to 100 mm depending on the size of a
reactor. [0052]        The metal components containing at least one metal selected from copper, nickel,
coband rhenium may further 5 contain at least one element selected froth the group consisting of
Group 115 elements, Group IIIA elements, Group VIB elements and Group VIII elements (except
nickel and cobalt). [0053]           Specific examples of such elements include Zn, Cd, Hg, 10B, Al, Ga,
In, Ti, Cr, No, W, Fe, Ru, Os, Rh, Ir, Pd and Pt. [0054]        From the viewpoint of extended catalyst
life, it is preferable that the metal component contain Zn or Al in addition to upper. 



15[0055]        The catalysts of the invention may increase activity or selectivity by containing metal
salts such as Fflo504, FeC12 and SnC12, alkali metals and alkali metal salts such as K and Na, and
BaSO4. Such components may be added to the catalysts as 20required. [0056]        In an
embodiment, the metal component containing at least one metal selected from copper, nickel, cobalt
and rhenium may be supported on the solid acid component as a carrier. In  23 detail, such supported
catalysts may be prepared by impregnating the solid acid component with an aqueous solution of the
metal nitrate and calcining the impregnated catalyst. Alternatively, the metal may be bonded with an
organic molecule 5 ligand to become soluble in organic solvents, and the solid acid component may be
impregnated with a solution of the metal7ligand 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 10 be supported on the solid acid component by deposition or the like. Further, a
coprecipitation method may be adopted in which the solid acid component is obtained froth a
corresponding metal salt in the presence of a metal salt which will form the hydrogenation catalyst and
thereby the synthesis of the solid 15 acid component and the supporting of the metal are carried out
simultaneously. [0057]        To achieve high productivity, the supply rate for the raw materials in the
invention, in detail the liquid weight hourly 20space velocity (WHSV) relative to the catalyst weight is
preferably in the range of 0.1 to 200 /h, and more preferably 0.2 to 100 /h. Herein, the liquid weight
refers to the total weight of the aromatic compound and the ketone. [0058] 



24        In the invention, the process for producing alkylated aromatic compounds is carried out in the
presence of hydrogen. Theoretically, hydrogen may be used at least in an equimolar amount relative
to the ketone. From the viewpoints of 5 separation and recovery, the hydrogen may be preferably used
in an equimolar to twenty-fold molar amount, and more preferably in an eguimolar to te fold molar
amoun elative to the ketone. When the ketone conversion is desired to be less than 100%,      the
hydrogen amount may be controlled less than the equimolar 10amount. In the reaction of the
invention, the hydrogen reacts with the oxygen atom in the ketone to form water, and the water
produced is discharged from a reactor outlet together with the alkylated aromatic compound.
Accordingly, an excess of      hydrogen over the ketone is not substantially consumed as long 15as
undesirable side reactions take place. [0059] Theoretically, the aromatic compound may be used at
least in an equimoiar amount relative to the ketone. From the      viewpoints  of separation and
recovery, the aromatic compound 20 may be preferably used in an equimolar to ten-fold molar
amount, and more preferably in an equimolar to five-fold molar amount relative to the ketone. [0060] In
the processes for producing alkylated aromatic  25 



compounds, the ray materials are fed to a fixed bed reactor in a gas-liquid downward concurrent flow
mode. The reaction temperature in the reactor is in the range of 100 to 300C, and preferably 120 to
250C. The reaction pressure is in the 5 range of 0.5 to 10 MPaG and preferably 2 to 5 MPaG. [0061]
A process for producing phenol according to the present invention includes the step (a) to the step (d)
described below wherein the step (c) is performed according to the process for 10 producing alkyla ed
aromatic compounds described here above. In the process for producing alkylateriaromatic
compounds which is performed as the step (c) in the phenol production process', the aromatic
compound is benzene and the ketone is acetone.        Step (a): a step of oxidizing cumene into
cumene hydroperoxide;        Step (lo: a step of acid decomposing the cumene hydroperoxide to obtain
phenol and acetone; Step (c): a step of reacting the acetone from the step        (b) with benzene and
hydrogen to dynthesize cumene; and 20Step (d): a step of circulating the cumene from the step
(c) to the step (a).        in the process for producing phenol, phenol is formed from cumene in the steps
(a) and (b), the by-product acetone is reacted in the step (c) to form cumene, and the cumene formed
26 in the step (c) is recycled in the step (e) back to the step (a). Accordingly, it is theoretically not
necessary that acetone should be fed from the outside of the reaction system, achieving cost
advantages. In practical plants, it is5 difficult to recover 100% acetone and therefore at least an
amount of acetone corresponding to the decrease is newly fed to the reaction system. [0062] 



Various modifications and improvements may be made to the 10 processes for producing phenol
according to the invention. EXAMPLES [0063]        The present invention will be described by
presenting examples but(the invention is not limited to such examples as long as within the scope of
the invention. [0064] [Example 1] A catalyst test was carried out in which cumene was 20 produced
from raw materials: acetone, benzene and hydrogen.        Cu-Zn catalyst (cylindrical columns 3 mm in
diameter x 3 mm in height, manufactured by SOd-Chemie Catalysts Japan, Inc., elemental mass %:
Cu 32 to 35%, Zn 35 to 40%, Al 6 to 7%, Zn to Cu atOmic ratio: 1.0 to 1.2) weighing 1496g was loaded
27 at an upper part of a stainless steel vertical reaction tube 38.4 mm in inner diameter (having an 8
mm inner tube) and 4800 mm in length. P-zeolite catalyst (pellets 1.5mm in diameter, manufactured by
TOSOH CORPORATION) weighing 1806 g was loaded 5 at a lower3part of the reactor. A catalyst
layer was thereby formed which had a layer 1 of the Cu-Zn catalyst and a layer 2 of the P-zeolite
catalyst. [0065] After the loading, isopropanbl was supplied from the top  10 of eactor at 24 L/h and the
catalyst was washed for 1 hour.After the completion of the washing, the catalyst was activated by
paSsing hydrogen at 630 NL/h, at 3 MPaG and a preheating temperature of 100C for 3 hours. 



[0066] 15While the reactor pressure was maintained at 3 MPaG and the preheating temperature at
170C, benzene: 7.0 L/h, acetone: 0.59 L/h and hydrogen: 830 NL/h were supplied from the top of the
reactor to perform reaction. A mixture of the reaction liquid and gas that was discharged from the
reactor bottom was 20separated in a gas-liquid separation tank, and the oil phase and the aqueous
phase were separated in an oil -water separation tank. When the reaction had been continuously
carried out for 12 hours, the reaction liquid and the waste gas were each analyzed by gas
chromatography. The gas chromatography showed  28 that the acetone conversion was 94.5% and
the cumene selectivity was high at 96.9%. [0067]        Separately, a flow zone under the above
conditions was studied. The reaction gas flow rate at the entrance of the layer 2 (the alkylation catalyst
layer) was calculated using the PSRK equation (Kagaku Kougaku Binran (Chemical Engineering
Handbook), revised 6th edition, edited by The Society for Chemical Engineers, Japan.) as an
estimation equation which 10 had been corrected by regressing literature data including solubility data
of hydrogen in benzene and cumene (Ipatieff V., Oil Gas J. 32, 14-15, (1993)nd Sokolov V., J. ApplL
Chem. USSR, 50(6), 347-1349, (1977)), solubility data of benzene and cumene in water (Thompson
W. H., J. Chem. Eng. Data, 9(4), 15 516-520, (1964) and Englin B. A., Khim. Tekhnol. Topl. Masel,
10(9), 42-46, (1965)) and benzene/water azeotropic data (Burd S. D., Proc. Am. Petrol. Inst. Ref. Div.,
48, 464-476, (1968)). [0068] Properties were estimated by inputting the above 20 estimation equation
and reaction conditions in Examples in a stationary process simulator (manufactured by Aspen Tech
Japan Co., Ltd.). The results are set forth in Table 1. 



[0069]  29 and the reaction gas flow rate at the layer 2 was 0.095. [0070]        x-axis (Equation (2)):
p1-u1.[(awater/a) (pwater/p1)2]1/3 (kgm-2s-1) - 3.430 5y-axis (Equation (1)):
pg-ug.[pair-pwater/(pg.p1)] 1/2 (kgm-25-1- - )0.095 [Example 2]        A catalyst test was carried out
with the same experimental apparatus and under the same reaction conditions as in Example 10 1,
except that the reactor pressure was changed to 4 MPaG and the preheating temperature was 185C.
The acetone conversion was 97.0% and the cumene selectivity at 92.9%. The results are set forth in
Table 1. [0071] 15In Example 2, the flow state was in a trickle-bed zone and the reaction gas flow rate
at the layer 2 was 0.083. [0072]        x-axis (Equation (2)): pl-u1-[(awater/u)(pwater/p1)2P/3 (kgm-25-1)
= 3.746 20y-axis .(Equation (1)): pg-ug-[pair.pwater/(pg.p1)1 1/2 



(kgm= 0.083 [Example 3]        Cu-Zn catalyst (cylindrical columns 3 mm in diameter x 3 mm in height,
manufactured by.Stid-Chemie Catalysts Japan,  30 Inc., elemental mass %: Cu 32 to 35%, Zn 35 to
40%, Al 6 to 7%, Zn to Cu atomic ratio: 1.0 to 1.2) weighing 885 g was loaded in the reactor described
in Example 1. -zeolite catalyst (pellets 1.5 mm in diameter, manufactured by TOSOH
CORPORATION) 5 weighing 1806 g was loaded at a lower part of the reactor. A catalyst layer was
thereby formed which had a layer 1 of the Cu-Zn catalyst and a layer 2 of the -zeolite catalyst. The
catalyst was washed and pretreated in the same manner as in Example 1. 100073] While the
reactre,ssure was maintained at 3 MPaG and the preheating temperature at 173C, benzene: 7.65 L/h,
acetone: 0.59 L/h and hydrogen: 2090 NL/h were supplied from the top of the reactor to perform
reaction. A mixture of the 15 reaction liquidgas that was discharged from the reactor bottom was
separated in a gas-liquid separation tank, and the oil phase and the aqueous phase were separated in
an oil-water separation tank. When the reaction had been continuously carried out for 12 hours, the
reaction liquid and the waste 20 gas were each analyzed by gas chromatography. The acetone
conversion was 98.5% and the cumene selectivity was high at 98.9%. The results are set forth in
Table 1. [0074]  



and the reaction gas flow rate at the layer 2 was 0.285. [0075]        x-axis (Equation (2) ) : pl ul [
(awater/a) (pwater/pl) 2] 1/3 (kgm-2s.949 5 y-axis (Equation (1) ) : pg- ug-pwater/ (pg- pl) ] 1/2
(kgM-2S-1' = )0.285 [Comparative Example         A catalyst test was carried out with the same
experimental apparatus and under the same reaction conditions as in Example  10 2, except that the
hydrogen was fed at 530 NL/h. The acetone conversion was 96:1% and the cumene selectivity was
low at 87.9%. The results are set forth in Table 1. [0076] In Comparative Example 1, the flow.state was
in a boundary  15 zone between a trickle-bed zone (perfusate flow) and a bubble flow zone, and the
reaction gas flow rate at the layer 2 was 0.033. [0077]              x-axis (Equation (2) ) : pl ul [ (awater/c)
(pwater/p1)2] in 20(kgm-26-1) - 



)7.063        y-axis (Equation (1) ) : pg ug - [pairpwater/ (pg pl )]1/2 (kgm-2s-1) = 0.033 [Comparative
Example 2] A catalyst test was carried out with the same experimental  32 apparatus and under the
same reaction conditions as in Example 3, except that the hydrogen was fed at 348 NL/h. The acetone
conversion was 97.7% and the cumene selectivity was low at 35.7%. The results are set forth in Table
1. 5[0078]        In Comparative Example 2, the flowstatewas in a boundary zone between a trickle-bed
zone (perfusate flow) and a bubble flow zone, and the reaction gas flow rate at the layer 2 was 0.022.
10[00891        x-axis (Equation (2)): pl.ul.L(awater/o8 (pwater/p1)21183 (kgm=4.583        y-axis
(Equation (1)) : pg. ug . [pair ) pwater/ (pg- pl) ] in (kgm82s81) - 0.022  



33  1'XS dMOS  Gas phase component  19100  28.924 1   2200 888'1/  Liquid - phase component
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Properties at en of zeolite la     ..E    Surface ' tension r-A9:19960eT4 1 1  Density   Flow rate [
Superficial 



velocity x-axis (Eq. 2)  y-axis (Eq. IL  Reference Signs List [0081] 1perfusate flow 2 ... mist flow 53 ...
pulsating flow bubble flow  35 CLAIMS        1. A process for producing alkylated aromatic compounds
comprising feeding raw materials including an aromatic compound, a ketone and hydrogen in a
gas-liquid downward concurrent flow mode to a fixed-bed reactor packed with a catalyst thereby to
produce an alkylated aromatic compound, wherein        the catalyst comprises a solid acid component
and a metal component comprising at least one metal selected from the group consisting of copper,
nickel, cobalt and rhenium,       the catalyst is loaded in the fixed-bed reactor such that the catalyst
forms a catalyst layer having a single layer or a plurality of layers,       the flow state in the reactor is in
a trickle-bed zone and 



the reaction gas flow rate defined by Equation (1) below is not less than 0.05 at an entrance of a layer
containing the solid acid which layer is included in the catalyst layer:    pg-ug.[pair:pwater/(pg.p1)]1/2
(kgm-2s-1) ...(1) wherein pg is the density of the reaction gas, pl is the density of the reaction liquid,
pair is the gas density of air, pwater is the gas density of water, and ug is the superficial velocity of the
reaction gas.  36        2. The process for producing alkylated aromatic compounds according to claim
1, wherein the catalyst layer is a single catalyst layer (A) comprising the catalyst or is a catalyst layer
(B) which includes an upstream layer 1 comprising the metal component and a downstream layer 2
comprising the solid acid component or comprising the solid acid component and the metal
component, and wherein the entrance of a layer containing the solid acid is an entrance of the catalyst
layer (A) or an entrance of the layer 2.        3. The process for producing alkylated aromatic
compounds according to claim 1 or 2, wherein the metal component further comprises at least one
element selected from the group consisting of Group IIB elements, Group IIIA elements, Group VIB
elements and Group VIII elements (except nickel and cobalt).        4. The process for producing
alkylated aromatic compounds according to any one of claims 1 to 3, wherein the  37 solid acid
component is zeolite.        5. The process for producing alkylated aromatic compounds according to
claim 4, wherein the zeolite has a ten to twelve-membered ring structure.        6. The process for
producing alkylated aromatic compounds according to any one of claims 1 to 5, wherein the catalyst
layer is a catalyst layer (B) which includes an upstream layer 1 comprising the metal component and a
downstream layer 2 comprising the solid acid component or comprising the solid acid component and
the metal component.        7. The process for producing alkylated aromatic compounds according to
any one of claims 1 to 6, wherein the aromatic compound is benzene and the ketone is acetone.
8. A process for producing phenol, comprising the step (a) to the step (d) described below wherein the
step (c) is performed according to the process for producing alkylated aromatic compounds described
in claim 7; 



step (a): a step of oxidizing cumene into cumene hydroperoxide;  38 hydroperoxide to obtain phenol
and acetone;       step (c): a step of reacting the acetone from the step (b) with benzene and hydrogen
to synthesize cumene; and       step (d): a step of circulating the cumene from the step (c) to the step
(a). 


