
DESCRIPTION PROCESS FOR PRODUCING ALKYLATED AROMATIC COMPOUNDS AND
PROCESS FOR PRODUCING PHENOL 5 TECHNICAL FIELD [0001]        The present invention
relates to processes for producing alkylated aromatic compounds and processes for produc 10phenol.
BACKGROUND ART [0002] The cumene process in which phenol is produced from cumene 15as a
starting material is known. The cumene process gives by-product acetone in an equimolar amount to
the phenol produced. The by-product acetone has a wide range of applications as solvent or organic
synthesis material. However, depending on market trends which differ at different times, the acetone
20 by-produced is in excess or the market conditions thereof are adverse, thereby lowering economic
efficiency of phenol. The cumene is usually produced by al kylating benzene with propylene. The
propylene is manufactured by thermal cracking of naphtha. Depending on the demand balance
between propylene and ethylene  



which is another product by the naphtha cracking, propylene shortage is often brought about which is
a bottleneck in the production for cumene. [0003]        To avoid the bottleneck, Patent Literature 1
discloses a process in which acetone by-produced in the phenol production . is hydrogenated to
isopropanol, the isopropanol is dehydrated to propylene, and the propylene is recycled as a material in
the cumene production or the like. However, the hydrogenation 10and the dehydration add two steps.
[0004]        To reduce steps, Patent Literatures 2 to 4 disclose methods in which isoprobanol from the
hydrogenation of acetone is directly used as an alkylating agent without dehydration 15 and is reacted
with benzene to give cumene. Patent Literature 4 discloses that the process involves a trickle-bed
reactor, but is silent on the flow rate of gas. Citation List 20 Patent Literature [0005]    



Patent Literature I: JP-A-H02-174737 Patent Literature 2:  JP-A-H02-231442 Patent Literature 3:
JP-A-H11-35497  3 



Patent Literature 4: JP-A-2003.L523985 SUMMARY OF INVENTION Technical Problem [0006]
When an alcohol is used as an alkylating agent in the production of alkylated aromatic compounds, the
reaction forms an equivalent amount of water to the alkylating agent that has reacted. As known in the
art, the water poisons solid acid 10 catalysts which are the alkylation catalysts. It is therefore expected
that the catalytic activity and the catalyst life are lowered compared to conventional processes using
olefins as the alkylating agents. Accordingly, larger amounts of catalysts are required, and the
throughput of the aromatic 15 compound (benzene) and alcohol (isopropanol) per catalyst weight, in
detail the liquid weight hourly space velocity (WHSV), is lowered. To cope with these problems, the
reactor size should be excessively large, increasing equipment costs. [0007] 20Such disadvantages
should be solved in the industrial production of alkylated aromatic compounds using alcohols as
alkylating agents. [0008]  4 



efficient process for producing alkylated aromatic compounds such as cumene by reacting raw
materials including an aromatic compound and an alcohol in he presence of a solid acid catalyst in a
compact reactor. is another object of the invention 5 to provide a process for producing phenol which
includes a step of producing cumene by the above alkylation process. Solution to Problem {0009]
10The present inventors studied diligently to solve the  aforementioned problems. They have then
found that aromatic compounds may be alkylated with an alkylating agent alcohol such as isopropanol
in a fixed-bed reactor packed with a solid acid catalyst as an alkylation catalyst with very high 15
conversion of the alkylating agent and very high cumene selectivity by passing gas through the
reactor. [0010) In detail, the present invention is concerned with       processes for producing alkylated
aromatic compounds and 20 processes for producing phenol as described in (1) to (7) below. [0011]
(1) A process for producing alkylated aromatic compounds comprising feeding raw materials including
an aromatic compound and an alcohol in a gas-liquid downward. concurrent  5 



flow mode to a fixed-bed reactor packed with a solid acid catalyst thereby to produce an alkylated
aromatic compound, wherein            the raw materials are fed to the reactor in a stream of 5a gas, and
the reaction gas flow rate defined by Equation (1) below is not less than 0.05 at an entrance of a solid
acid catalyst layer: [0012] 10pg.ug.[pair.pwater/(pg.p1)]"2-(1)        wherein pg is the density of the
reaction gas, p1 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. 15(2) The process for producing
alkylated aromatic compounds as described in (1), wherein. the flow state in the reactor is in a
trickle-bed zone. [0013] (3) The process for producing alkylated aromatic 20 compounds as described
in (1) or (2), wherein the gas is at least one gas selected from the group consisting of nitrogen,
hydrogen and rare gases. [0014] (4) The process for producing alkylated aromatic  



6 compounds as described in any one of (1) to (3), wherein the solid acid catalyst is zeolite. [0015]
(5) The process for producing alkylated aromatic compounds as described in (4), wherein the zeolite
has a ten to twelve-membered ring structure. [0016]         (6) The process for producing alkylated
aromatic compounds as described in any one of (1) to (5), wherein the 10 aromatic compound is
benzene and the alcohol is isopropanol. [0017]         (7) A process for producing phenol, comprising
the step (a) to the step (e) described below wherein the step (d) is      performed according to the
process for producing alkylated 15 aromatic compounds described in (6);         step (a): a step of
oxidizing cumane into cumene hydropero ide;         step (b): a step of acid decomposing the cumene
hydroperoxide to obtain phenol and acetone; 20step (c): a step of hydrogenating the acetone from the
step (b) to isopropanol; 



step (d): a step of reacting the isopropanol from the step (c) with benzene to synthesize cumene; and
step (e): a step of circulating the cumene from the step  7 (d) to the step (a). Advantageous Effects of
invention [0018]        According to the processes for producing alkylated aromatic compounds of the
present invention, an alcohol such as isopropanol and an aromatic compound such as benzene (raw
materials) are fed toa reactor in a stream of a gas, antithereby alkylated aromatic compounds such as
cumene can be produced 10 in a higher yield than achieved heretofore with industrial and practical
advantages_ [0019]        The processes for producing phenol according to the
inventionhaveadoptedthe above process ofproducingalkylated 15 aromatic compounds, and thereby
acetone that is by-produced in the phenol production can be reused. Brief Description of Drawing
[0020] 



20Fig. 1 is a plot diagram in which flow states in Examples and Comparative Example are plotted in a
diagram showing flow zones in gas-liquid downward concurrent packed layers that is described in
"Shokubai Kouza (Catalyst Courses) Vol. 6, (Engineering Part 2), ShokUbai Hannou Souchi to Sono
Sekkei  8  (Catalyst reaction apparatus and its design)", Catalysts Society of Japan, Kodansha Ltd.,
December 1985, first impression, p. 182. DESCRIPTION OF EMBODIMENTS [0021]        In a process
for producing alkylated aromatic compounds according to the invention, raw materials including an
aromatic compound and an alcohol are fed in a gas-liquid downward 10 concurrent flow Mode to a
fixed-bed reactor packed with a solid acid catalyst thereby to produce an alkylated aromatic
compound. The raw materials are fed to the reactor under a stream of a gas. The reaction gas flow
rate defined by Equation (1) below is not less than 0.05 at an entrance of a solid acid catalyst 15layer:
[0022] pg-ug.[pair.pwater/(pg.p1)] 1/2 ( kgm-23-1)(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, 



20pwaer is the gas density of water, and ug is the superficial velocity of the reaction gas.        The solid
acid catalyst layer is a catalyst layer formed by loading the solid acid catalyst in the fixed-bed reactor.
[0023]  9        The reaction in the process for producing alkylated aromatic compounds according to
the invention is the alkylation of an aromatic compound with an alcohol in the presence of a solid acid.
catalyst, and is aliquid solid two phase reaction. 5 According to the finding by the present inventors,
the reaction results of the alkylation are drastically improved by feed the raw materials to the reactor
under a stream of a gas. [0024] Flow zones in gas -liquid downward concurrent flow mode 10 are
shown in Fig. 1. The flow zone diagram is based on data obtained with an air-water system. Flow
zones with other systems may be prepared in consideration of correction terms based on differing
physical properties ("Shokubai Kouza (Catalyst Courses) Vol. 6, (Engineering Part 2), Shokubai 15
Hannou Souchi to Sono Sekkei (Catalyst reaction apparatus and its design)", Catalysts Society of
Japan, Fodansha Ltd., December 1985, first impression, p. 182). The shaded parts in Fig. 1 indicate
ranges where boundaries exist. The x-axis and y-axis in the diagram are defined as follows. 20[0025]
x-axis: pl.ul.[(awater/a)(pwater/p1)2]1/3 (kgml2sy-axis: pg.ug.[pair-pwater/(pg.p1)11/2 (kgml2s-1)
Here, pl, pg, pair and pwater are the density of the 



reaction liquid, the density of the reaction gas, the gas  density of air and the gas density of water,
respectively, a and awater respectively indicate the surface tension of the reaction liquid and the
surface tension of water, and ul and ug are the superficial velocity of the reaction liquid and that of the
reaction gas, respectively. [0026]        In the invention, the reaction gas refers c,o a gas phase
component in the reactor. That is, the reaction gas includes all components existing in the form of gas,
in detail the gas 10 used to feed the raw materials in a gas-liquid downward concurrent flow mode,
evaporated aromatic compound and alcohol, and evaporated alkylated aromatic compound and water.
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, in detail aromatic compound and
alcohol fed as raw materials, gas dissolved in the liquid phase, and alkylated aromatic compound and
water. [0027] 20In the invention, the flow state in the reactor is preferably in a trickle-bed zone
(perfusate flow). In the trickle-bed zone, the liquid trickles over the outer 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 dispersed phase. Meanwhile, the gas surrounds the catalyst and the
liquid, forming a continuous phase. [0028]        When the flow state in the reactor is in a trickle-bed
zone, the concentration distribution in the system is uniform and mild operation is possible, the facility
does not have to be high-pressure resistant, the physical load on the catalyst is lowered, and catalyst
damage is prevented as described in 



10JP-7-H11-116523. [0029]        in the invention, the reaction gas flow rate defined by Equation (1)
below is not less than 0.05 at an entrance of the -solid acid catalyst layer. 15[0030]
pg-ug.[pair.pwater/(Pg*P1)] 1/2 (kgm-2s        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 20 velocity of the reaction gas.        Equation (1) above corresponds to the y-axis in the
flow 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  12 range of
0.08 to 0.6. [0031]        In Fiq 1, the x-axis indicates the flow rate of the reaction liquid (the liquid phase
component in the reactor), 5 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
production of alkylated aromatic compounds by the processes according to the present invention,
compared to the reaction gas flow rate expressed 



10by Equation (1). pl-u1-[(awater/a) (pwater/p1)211" (kgm81) ---(2)        wherein pi is the density of the
reaction liquid, pwater is the gas density of water, a is the surface tension of the reaction liquid, awater
is the surface tension of water, and 15 ui is the superficial velocity of the reaction liquid.        As
described hereinabove, it is preferable in the processes for producing alkylated aromatic compounds
that the flow state in the reactor is in a trickle-bed zone. The flow rate of the reaction liquid does not
adversely affect the 20 processes of the invention as long as the flow state is in a trickle-bed zone.
[0032] Examples of the aromatic compounds used in the processes  13 naphthalene, with benzene
being preferred. Examples of the alcohols include isopropanol and 2-butanol, with isopropanol being
preferred. [0033] RThat is, in a prefe ed embodiment of the processes for producing alkylated aroma c
compounds of the invention, the aromatic compound is benzene and the alcohol is isopropanol, and
the alkylated aromatic compound obtained in this case is cumene. 



10L0034]        In the invention, at least one gas selected from the group consisting of nitrogen,
hydrogen and rare gases is used. [0035] The solid acid catalysts used in the invention are       ysts that
function as acids. Examples of the solid acid catalysts include usual solid acids such as zeolite, silica
alumina, alumina, sulfate-promoted zirconia and W03-promoted zirconia. [0036] 20In pa icular, the
zeolites that are inorganic crystalline porous compounds composed of silicon and aluminum are su e
solid acid catalysts from the viewpoints of heat re s stance and selectivity for the target alkylated
aromatic compounds (such as cumene).  19 [0037]        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 5 to the molecular diameter of cumene. [0038]        Examples of the zeol
tes having a twelve-membered ring structure include Y-type zeolite, USY-type zeolite, mordenite type
zeolite, dealuminated mordenite type zeolite, P-zeolite, 



10 MCM-22-type zeolite and MOM-56-type zeolite. In particular, P-zeolite, MCM-22-type zeolite and
MCM-66-type zeolite have suitable structures. [0039] In the zeolites, the composition ratio between
silicon 15 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 are substituted with other metal such as Ga, Ti,
Fe, Mn or B. 20[0040]         The shape of the solid acid catalysts is not particularly limited, and the
solid acid catalysts may be in the form of sphere, cylindrical column, extrudate or crushed pieces. The
- size of the particles of the solid acid catalysts may be selected  15 in the range of 0.01 mm to 100
mm depending on the size of a reactor. [0041]        To achieve high productivity, the supply rate for the
raw materials in the invention, in detail the liquid weight hourly space velocity (WHSV) relative to the
catalyst weight is preferably not more than 50 more preferably not more than 20, and Still more
preferably not more than 10. The liquid weight hourly space velocity, (WHSV) is usually not less than I.
[0042]        The above supply rate ensures that cumene is produced in a high yield. [00431
Theoretically, the aromatic compound may be used at least 



15 in an equimolar amount relative to the alcohol. From the viewpoints of separation and recovery, the
aromatic compound maybe preferably used in an equimolar to ten-fold molar amount, and more
preferably in an equimolar to five-fold molar amount relative to the alcohol. 20[0044]        From the
viewpoints of separation and recovery, the gas in the invention may be preferably used in an
equimolar to twenty-fold molar amount, and more preferably in an equimolar to ten-fold molar amount
relative to the alcohol.  16 [0045]        In the processes for producing alky ated aromatic compounds,
the raw materials are fed to a fixed bed reactor in a gas-liquid downward concurrent flow mode. The
reaction 5temperature in the reactor is in the range of 100 to 300`C, and preferably 120 to 250C. The
reaction pressure is in the range of 0.5 to 10 MPaG, and preferably 2 to 5 MPaG. [0046] A process for
producing phenol according to the present 10 invention includes the step (a) to the step (e) described
below wherein the step (d) is performed according to the process for producing alkylated aromatic
compounds described hereinabove. In the process for producing alkylated aromatic compounds which
is performed as the step (d) in the phenol production process, 15 the aromatic compound is benzene
and the alcohol is isopropanol.        Step (a): a step of oxidizing cumene into cumene hydroperoxide; 



Step (b): a step of acid decomposing the cumene hydroperoxide to obtain phenol and acetone; 20Step
(c): a step of hydrogenating the acetone from the step (b) to isopropanol;        Step (d): a step of
reacting the isopropanol from the step (c) with benzene to synthesize cumene; and Step (e): a step of
circulating the cumene from the step  2,7 (d) 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 hydrogenated in the
step (c) to iSopropanol, the isopropanol 5 is reacted in the step (d) to form cumene, and the cumene
formed in the step (d) 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 is 10 difficult to recover 100% acetone and therefore at least an
amount of acetone corresponding to the decrease is newly fed to the reaction system. [0047]
Various modifications and improvements may be made to the 15 processes for producing phenol
according to the invention. 



EXAMPLES [0048]           The present invention will be described by presenting 20 examples but the
invention is not limited to such examples as long as within the scope of the invention. [0049] [Example
1] A catalyst test was carried out in which cumene was  18 produced from isopropanol and benzene as
raw materials. [0050] D-zeolite catalyst (Pellets 1.5 mm in diameter, manufactured by TOSOH
CORPORATION) weighing 2435 g was loaded 5 in a stainless steel vertical reaction tube 38.4 mm in
inner diameter and 4800 mm in length. After the loading, isopropanol was supplied from the top of the
reactor at 24 L/h and the catalyst was washed for 1 hour. [0051] 10While the reactor pressure was
maintained at 3 MPaG and 



the preheating temperature at 175C, benzene: 8.1 L/h, isopropanol: 0.65 L/h and hydrogen: 1900 NL/h
were supplied from the top of the reactor to perform reaction. The liquid weight hourly space velocity
(WHSV) under these conditions was 3.0. A mixture of the reaction liquid and gas 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 20 liquid and the waste gas were each analyzed by
gas chromatography. The gas chromatography showed that the isopropanol conversion was 100%
and the cumene selectivity was high at 92.8%. [0052]  19        Separately, a flow zone under the above
conditions was studied. The reaction gas flow rate at the entrance of the solid acid catalyst layer (the
alkylation catalyst layer) was calculated using the PSRK equation (Kagaku Kougaku Binran 5
(Chemical Engineering Handbook), revised 6th edition, edited by The Society forChemicalEngineers,
Japan.) as an estimation equation which 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) and
Sokolov V., J. 10Appl. Chem. USSR, 50(6), 1347-1349, (1977)), solubility data of benzene and
cumene in water (Thompson W. H., J. Chem. Eng. Data, 9(4), 516-520, (1964) and Englin B. A., Khim.
Tekhnol. Topl. Masel, 10(9), 42-46, (1965)) and benzene/water azeotropic data (Surd S. D., Proc. Am.
Petrol. Inst. Ref. Div., 1548, 464-476, (1968)). [0053] 



Properties were estimated by inputting the above estimation equation and reaction conditions in
Examples in a stationary process simulator (manufactured by Aspen Tech Japan 20Co., Ltd.). The
results are set forth in Table 1. [0054]         In Example 1, the flow state was in a trickle-bed zone and
the reaction gas flow rate as 0.280. [0055]  20 x-axis: pl.u1.[(awater/u) (pwater/pl) 271/3kgm-2s-1)
2.263 y-axis: pg.ug. [pair- pwater/ (pg.prnin (kgml2s= 0.280 [Example 2] 5A catalyst test was carried
out with the same experimental 



apparatus and under the same reaction conditions as in Example 1; except That the hydrogen was fed
at SOO NL/h. The isopropanol conversion was 100% and the cumene selectivity was high at 86.9%.
10[0056]        In Example 2, the flow state was in a trickle-bed zone and the reaction gas flow rate was
0.075. [0057] x-axis: pl.u1.[(a ater/a)(pwater/p1)211/3 (kgm-2s-1) = 154.269
pg.ug.[pair.pwater/(pg.p1)]In (kgm= 0.075 [Comparative Example 1]        A catalyst test was carried out
with the same experimental apparatus and under the same reaction conditions as in Example 201,
except that the hydrogen was fed at 190 NL/h. The isopropanol conversion was 50.5% and the
cumene selectivity was low at 42.6%. Further, large amounts of by-product propane and propylene
were produced. [0058]  21 



In Comparative Example 1, the flow state was in a trickle-bed zone, but the reaction gas flow rate was
0.026. [0059] x-axis: p1-u1-[(awaterfa) pwater/p1)2]172 (kgm-2s 54.771 y-axis: pg-ug. [pair- pwater/
(pg pl)]1/2 ( kgrn-2s=0.026  22   Reference Signs List [0061] 1perfusate flow 2 .-. mist flow 3pulsating
flow 4 -.. bubble flow 



24 CLAIMS 1. A process for producing alkylated aromatic 5 compounds comprising feeding raw
materials including an aromatic compound and an alcohol in a gas-liquid downward concurrent flow
mode to a fixed-bed reactor packed with a solid acid catalyst thereby to produce an alkylated aromatic
compound, 10 wherein        the raw materials are fed to the reactor in a stream of a gas, 15the 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 solid 20acid catalyst layer:
pg.ug.[pair-pwater/(pg.p1)]1(kgml2s-1) ...(1)       wherein pg is the density of the reaction gas, pi is the
density of the reaction liquid, pair is the gas 25 density of air, pwater is the gas density of water, and
ug is the superficial velocity of the reaction gas. 



30  25        2. The process for producing alkylated aromatic compounds according to claim 1, wherein
the gas is at least one gas selected from the group consisting of nitrogen, hydrogen and rare gases.
3. The process for producing alkylated aromatic compounds according to claim 1 or 2, wherein the
solid acid catalyst is zeolite. 10 4The process for producing alkylated aromatic compounds according
to claim3, wherein the zeolite has a ten to twelve-membered ring structure. 15       5. The process for
producing alkylated aromatic compounds according to any one of claims 1 to4, wherein the aromatic
compound is benzene and the alcohol is 20 isopropanol.       6. A process for producing phenol,
comprising the step (a) to the step (e) described below wherein the step 25(d) is performed according
to the process for producing 



alkylated aromatic compounds described in claim5;       step (a): a step of oxidizing cumene into
cumene hydroperoxide; 30  26 hydroperoxide to obtain phenol and acetone;        step (c): a step of
hydrogenating the acetone from the step (b) to isopropanol;            step (d): a step of reacting the
isopropanol from the step 5(c) with benzene to synthesize cumene; and        step (e): a step of
circulating the cumene from the step (d) to the step (a). 




