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DESCRIPTION PROCESS FOR PRODUCING ALKYLAIED
AROMATIC COMPOUNDS AND PROCESS 5 FOR PRODUCING
PHENOL FIELD OF INVENTION The present invention relates to
processes for producing al kylated. atomatic compounds and processes
for producing phenol. BACKGROUND ART [0002] A reaction
between benzene and propylene gives cumene. Oxidation of cumene
results in cumene hydroperoxides Theé Zliriehe 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 20phenol. [0003] The cumene process gives
acetone as a by-product, and is therefore valuable when both phenol and
acetone are required. However, if the acetone produced is in excess of
PROgEMEaN, theRP edoomid.efficienty is deteviotated duertothe prigen rrocrsS
difference between acetone and starting material propylene. Methods
FORhave b&en tHenmptbposed which are aimed at benefitting from the price
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
FIE[Patént Literaturessy and 2). According to this method, the oxidation of the
secondary butyl benzene achieves only about 80% selectivity for the
[ G Ctargetl0 secondary butyl benzene hydroperox de, with 15% or more

The present invention relates to processes for producing
alkylated aromatic compounds and processes for producing

rhenocl.

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 phencl and acetone.
A combination of these known reactions is the cumene process
which is currently a maeinstream process for the production of
rhenol.
[0003]

The cumene process gives acetone as a by-preoduct, and is
therefore valuable when both phenol and acetone are regquired.

However, 1f the acetone produced is in excess of demand, the
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by-product acetophenone. This method consequently provides a lower

yield of phenol than by the cumene process. [00041 It is also propoged

that cyclohexyl henzeneobta ed from 15 cyclohexene and benzeng is

oxidized and acid decomposed into ghenol and cyclohexanone. Since the

cyclohexanone obtained is dehydrogenated into phenol, this method does

not technically involve the by-production of ketones. However, the method
eCORgE AdoRfiRdastAalualle Besausecthe oxidation obthéeyclohexybi2@ ference

benzene provides a low yield of the target cyclohexyl benzene
bet Hpdroperexiee {0008 Thertighastyitlds ir dxitation amdeacid Methods have

decomposition 3 problem related to starting material propylene and
beepyhroduct apstone stoulth beraveided whitehmaintaining the from the price

advantageous yields. Methods have been then proposed in which the
dif ppprodifect acstone s eated bywvariets methodslarfd isseuset b @as@roduct

material in the cumene process. [0006]
ketones. For exanple, secondary butyl benzene obtained from
n-butene 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
secondary butyl benzene hydroperoxide, with 15% or more
by-product acetophenone. This method consequently provides a
lower yield of phencl than by the cumene process.
[C0C4]

it is also proposed that cyclohexyl benzene cbtained from

cyclohexene and benzene is oxidized and acid decomnposed into
phenol and cyclohexanone. Since the cyclohexanone obtained is
dehydrogenated into phencl, this method does not technically
invelve the by-production of ketones. However, the method has
a low industrial value because the oxidation of the cyclohexyl
benzene provides a low yield of the target cyclohexyl benzene
hydroperoxide.
[0005]

The highest yields in oxidation and acid decomposition

are achieved by the cumene process as described above. The
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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, indeta 1
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 _

P S ethods iawkidh s isopropany| frotrethiany dragenation ofacetone-isroduct
directly reacted with benzene to give cumene. In particular, Patent

acetparatwedidiscloses agprdeessimivittich byspreduct agetoneisdvantageous
hydrogénated to isopropanol, the isopropanol is reacted with benzene,

vieadd the Fesuitantcurmenre Issreacted4o giveqpheneakl 20t thisi precess:
however, the hydrogenation adds a step to the cumene process. [0008]

by - Pateht titeratatec? deseribes atmethod inawhich: byrproduetacetanedS e used
reused without adding a step to the 4 conventional cumene process. In

as detail; ketdne, eig. tacetonerisreagteddisectly with aromatic compound,
e.g., benzene and hydrogen in the presence of a catalyst composition _

[0 0fncluding a solid acid substance and copper to give an alkylated aromatic
compound. [0009]

Acetone is readily hydrogenated to isopropancl, and the
isopropanol is dehydrated to propylene. Patent Literature 3
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.
[G007]

Patent Literatures 4 to 6 disclose methods in which
isopropanol from the hydrogenation of acetone is directly
reacted with benzene to give cumene. In particular, Patent
Literature 6 discloses a process in which by-product acetone
ishydrogenatedtojﬁopropanol,theisopropanolisreactedwith
benzene, and the resultant cumene is reacted to glve phenol.
In this process, however, the hydrogenation adds a step to the
cumene process.

[0G08]
Patent Literature 7 describes a method in which

by-product acetone is reused without adding a step to the
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However, Patent Literature 7 does not disclose that the reaction is
performed in a trickle-bed zone. 10Citation List Patent Literature [0010]
Patent Literature 1: JP-A-S57-91972 Patent Literature 2: U.S.
Patent Publication 152004/0162448 Ratent Literature 3: JP-A-H02-174737
Patent Literature 4: JP-A-H02-231442 Patent Literature 5: JP-A-Till-35497
Patent Literature 6: JP-A-2003-523985 20Patent Literature 7:
CONnJRIA-2005-5 1311 6r'SUMMARY OF INVENTION TechnicakRPrehlem,[G01d} one
5 When acetone is used as the alkylating agent in the cumene
is peoductionfwater that is byproduced-during-theseaetjor: coversibe asige and
sites of a zeolite catalyst to weaken the acid
hydrogen in the presence of a catalyst compeosition including
a solid acid substance and copper to give an alkylated aromatic
compound.’
[(0009]

However, Patent Literature 7 does not disclose that the

reaction is performed in a trickle-bed zone.

Citation List
Patent Literature
[001C]
Patent Literature 1: JP-A-S57-91972
Patent Literature 2: U.S. Patent Publication
2004/0162448
Patent Literature 3: JP-A-H02-174737
Patent Literature 4: JP-A-H0Z2-231442
Patent Literature 5: JP-A-H11-354%47
Patent Literature 6: JP-A-2003-523985

Patent Literature 7: JP-A~2005-513116

SUMMARY OF INVENTION
Technical Problem

(00113
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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 large, increasing equipment
costs. 10[0012] Such disadvantages should be solved in the industrial
cumene production by alkylat ng benzene with acetone. [0013] It
is ai objectcafthe présentindeationtte provideamni Ioyefficient proeess fOhmene
producing alkylated aromatic compounds such as cumene by directly
profeactingan arematic tbrmpourd syelrasHenzenedwithi a ketone stsh @si on
acetone and hydrogen in a compact reactor. It is another object of the
coviwentibe tec i dprovidesa pfoeess:for praducing: phenolwhigh includes,a aci4
step 20 of producing cumene by the above alkylation process. Solution to
st rPrapiem [0044]s6-afersmentioredproblemsn Ehey havesthen founddhat; o+ +
alkylated aromatic compounds may be obtained with very high ketone

andcanversionangdsvery high selectivitysfor alkylatedaromatic compounds by, - |
feeding raw materials including an aromatic compound, a ketone and

probydrogen in a:gasdiguishdawnward copeurzent flowsmade o.a fixed-bed
reactor packed with a catalyst, and reacting the raw materials while

Acc ﬁ%&iﬁ@ﬁhqw@w%% Gensfityting the eatalyst and the reaction 4as, .

W
reactor size should be excessively large, increasing equipment
costs.

[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
efficient process for producing alkylated arcmatic 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 phencl which includes a step

of producing cumene by the above alkylation process.

Solution to Problem
(00141

The present inventors studied diligently to solve the
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rate. 10[0015J The present invention is concerned with processes for
producing alkylated aromatic compounds and processes for producing
phenol as described in (1) to (9) below. [0016] 15(1) A process for
producing alkylated aromatic compotinds 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
atoppiRes Eatalysetireby tsrodutian alkylatedaroniaticicornpetnd] 20 Lated
wherein the catalyst comprises a solid acid component and a metal
arogppmponenttomprisingratieast oretmeétat selected frorrthergroupketone
consisting of copper, nickel, cobalt and rhenium, the catalyst is loaded in
conviRe fiedbed: redctorisuch dhats Z the catalysyfofims aacatalystdayershaving: i c
a single layer or a plurality of layers, and the reaction gas flow rate
complefingd: by Eqliation. (19 below isarict tessithan Db at iangentranceofar 1 c
layer containing the
compound, a ketons and hydrogen in a gas-liguid 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.
[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.

[0016]

(1) Aprocess for producing alkylated aromatic compounds
comprising feeding raw materials including an aromatic
compound, & 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
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5 solid acid which layer is included in the catalyst layer: [0017] pg.ug.[pai
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)

the cgmphding thd eatalyst oris a 15 catalystdayer4B) which includés ahayer or
upstream layer 1comprising the metal component and a downstream layer

a pRwbmptisingdhe selicdacid component or comprising the solid acid

component and the metal component, and wherein the entrance of
a layérecortainingthegsalid acid is an20ientiance oftieccatalystlayen (Ak 1 ow
or an entrance of the layer 2. [0018] (3) The process for producing
is ralkyldted aromaticOin‘thesreactords ina trickle-bes zene: {0019](4) The g the
process for producing alkylated aromatic
solid acid which layer is included in the catalyst layer:
[(0017]

pg-ug-[pair-pwater/(pg-pi}}“z (kom™@s™) -« - (1)

wherein pg is the density of the reaction gas, pl is the
density of the reaction liguid, pair is the gas density of air,
pwater is the gas density of water, and ug is the superficial
velocity of the reactien gas.

(2) The process for producing alkylated aromatic
compounds as described in (1), wherein the catalyst laver is
a single catalyst layer (A).comprising the catalyst or is a
catalystlayer(B)whichincludesanupstreamlayerlcxm@rising
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.

(0018]

{3) The process for producing alkylated aromatic

compounds as described in (1) or {2}, wherein the flow state
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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 1B elements, Group IllIA elements, Group VIB

elements and Group VIII elements (gkcept nickel and cobalt). [0020] 10(5)

The process for producing alkylated aromatic compounds as described in
~any one of (1) to (4), wherein the solid acid component is zeolite. [0021]
10 ()T HespreEess for producirigrdlkylated mesimatic:#5 compounds as

described in (5), wherein the zeolite has a ten to twelve-membered ring
[00 Sftdcture. 0022] (7) The process for producing alkylated aromatic
compounds as described in any one of (1) to (6), wherein the 20catalyst
layerds aatalystdayer {BY which:includesran upstieam tayer T eamptising
the metal component and a downstream layer 2 comprising the solid acid
compomporeAtorcompriding thensalidvacicheomponent and theymetagherein the
component. [0023]
metal component further comprises at least one element selected
from the group consistiﬁg of Group IIB elements, Group IIIA
elements, Group VIB elements and Group VIII elements {except
nickel and cobalt).
[0020]

{5} The process for producing alkylated aromatic
compounds as described in any one of (1) to {4}, wherein the
solid acid component is zeolite.

(0021 ]

(6) The process for producing alkylated aromatic
compounds as described in (5}, wherein the zeolite has a ten
to twelve-membered ring structure.

[0022]

(7) The process for producing alkylated aromatic
compounds as described in any one of (1) to {6}, wherein the
catalyst layer is a catalyst layer (B) which includes an
upstream layer 1 comprising the metal compenent and a downstrean
layer 2 comprising the solid acid component or comprising the

solid acid component and the metal compcnent.

10023]
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9 (8) 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] (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 step of oxidizing
cumehe idtoscurrene=G hyfdroperoxittes 1 n g stepyb): a-step 9f agidt i o
decomposing the cumene hydroperoxide to obtain phenol and acetone;

congtepr(cy: aestepof reacting the: asetonedtom thestept o (b) withrhenzene ¢ 1
and hydrogen to synthesize cumene; and 15step (d): a step of circulating

a roetdumenenfromrtbie stepo éc)1e ke step (ah AdvartageoussEffects of -
invention [0025] 20According to the processes for producing alkylated

{ 00 arkomatlc compounds of the present invention, starting materials (raw
materials) including a ketone such as acetone, an aromatic compound
such @ bepzenesand iydroges are feagted agetherdp asingle reaction . .,
step to give an alkylaromatic

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

hydroperoxide to obtain phenol and acetone;
step (¢): 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).

Advantagecus Effects of Invention

According to the processes for producing alkylated
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 alkylarcmatic
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10 compound such as cumene with higher yield than achieved
heretofore.. The processes of the invention thus provide industrial and
practical advantages. The cumene produced according to the processes
of the invention is of the same 5 quality as cumene obtained from
propylene or isopropanol and benzene. [0026] The processes for
producing phenol according to the inventionhaveadoptedtheaboveprocess
compfprsducingdikylated W0arematic tompotirds, and therebhy acetene dhatds
by-produced in the phenol production is recycled without increasing the
heratmber of steps«of theocorweationd cumenerprecassoThe processes fofie
producing phenol of the present invention can produce phenol with great
indpeocess hdvantages:and esdnemicalbradyantagesh BriehReseription of -« g
Drawing [0027] Fig. 1 is a plot diagram in which flow states in Examples
acc@odmnCamparative Examples:are plattes in audiagraphshowing flowe same
zones in gas-liquid downward concurrent packed layers that is described

quain tShekubaieuza (Eatalyst@onrses) Vob 6y (EagineeringBatRanol and
Shokubai Hannou Souchi to Sono Sekkei (Catalyst reaction apparatus

benaad4ts design)"”, Catalysts

[0026]

The processes for producing phenol according to the
inventionhaveadoptedtheaboveprocessof§w0ducingaikylated
aromatic compounds, and thereby acetone that is by-produced
in the phencl 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
and Comparative Examples are plotted in a diagram showing flow
zones in gas-ligquid downward concurrent packed layers that is
described in “Shokubai Kouza (Catalyst Courses) Vol. &,
{(Engineering Part 2), Shokubai Hannou Souchi to Scno Sekkei

(Catalyst reaction apparatus and its design)”, Catalysts



10

15

20

11 Society of Japan, Kodansha Ltd., December 1985, first impression, p.

182. DESCRIPTION OF EMBODIMENTS 5[0028] In a process for

producing alkylated aromatic compounds according to the present

invention, raw materials including ad. aromatic compound, a ketone and

hydrogen are fed in a gas-liquid downward concurrent flow mode to a

fixed-bed reactor 10 packed with a catalyst toproduce an al kyla ted
SOC pfdnaticicompeund. Fhéwatdlysticorhprisés a solic acit Tdmponentand a
~ metal component comprising at least one metal selected from the group
1mp E6ASisting, ofccoppér, 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
DES(R/EP €ontainiiy thesolidiacidnwhich layer is included in the catalyst layer:

[0029] 20pgil .ugpair-pwater/(pg-p1)11/2 (kgm-2s...(1) wherein pg is
L 00 21%g 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

superficiabveloeity=ofithe reaction:gasy d2kylated aromatic compounds
according to the present invention, raw materials including
an aromatic compound, a ketone and hydrogen are fed in a
gas-ligquid downward concurrent flowmodse to a fixed-bed reactor
packedwithaicatalysttoproduéeamalkylatedaromaticCompound.
The catalyst comprises a solid acid compoenent 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 reaction gas flow rate defined by Equation (1) below is
not less than 0.05 at an entrance of a laver containing the
solid acid which layer is included in the catalyst laver:
[0029]

Pg-ug: [pair-pwater/ (pg-pl) ™% (kgm™?s™h) .- (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.
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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 algohol and the alcohol alkylates the
aromatic compound. [0030] The reaction mode in the processes for
producing alkylated aromatic compounds is in detail as follows. The metal
componehtfopmingethe<atalyst catatyzes they1@ hygrogenationofithe ; -
ketone into an alcohol. The hydrogenation is preferably carried out by a

comgastfigid sofid three phasereactioni in atieklepethzene-tperfusateflowinag,
as described in the hydrogenation reaction in Japanese Patent No.

a k2724001anithe/ttickle=hed reng dhe liquid tricklesiovesthe-auter 15 5cxeqg
surface of the catalyst and part thereof is attached to narrow pores in the

wit patalyst: ieither case, the liquidds scattereg-as,ipdividualmassese reactor
forming a dispersedphase. Meanwhile, the gas surrounds the catalyst and

to dhediguishforming a sentinuusphasey Flow zanes, in gassiguid downward,
concurrent packed 20 layers are shown in Fig. 1. Fig. 1 is based on data

[0 ¢ ®btained 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 indicatesanges-where houndaries
exist ("Shokubai Kouza (Catalyst 13 Courses) Vol. 6, (Engineering Part

a1k @) axhokubaiddannou Sauehi to,Seno Sekkei (Catalyst teaction apparatus,,

and its design)", Catalysts Society of Japan, Kodansha Ltd., December

met 4983 Jirslimpression.p; 182). E@eé%céﬂq-%q 280¢ has the same definit

on as the perfusate flow zone. [0031 hen the reactants in the

hyd fepalorhaveaflow stale.infhe tricklg-bed zone, the congen %S/tlé?wg ogenat ion
ole,

distribution in the system is uniform and mild operation is pos
is facdity 19 dogs ot havelahe high-pressire registant (e pysicaljoad,,

on the catalyst is lowered, and catalyst damagecis prevented as described
rea@%i%ﬁ*ﬁ&%ﬂ%@%%&le—bed zone (perfusate flow) as described
in the hydrogenation reaction in Japanese Patent No. 2724001.
In the trickle-bed zone, the liquid trickles over the outer
surtface of the catalyst and part thereof is attached to narrow
pores in the catalyst. In either case, the liguid is scattered
asindividualmassesformingacﬁﬁpersedphase. Meanwhile, the
gas surrounds the catalyst and the liguid, forming a continuous
phase. Flow zones in gas-liguid downward concurrent packed
layers are shown in Fig. 1. Fig. 1 is based on data obtained
with an air-water system. Flow zones with octher 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
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[0032] After the alcohol formation by the hydrogenation of 15 ketone, the
solid acid component forming the catalyst catalyzes the alkylation of the
aromatic compound with the alcohol to afford an alkylated aromatic
compound. This reaction is a liquid 4did 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

Coujrmeivedinlthe@lkylation: reaetiom Adcordingly, the systemihas:thies;, souchi
namely gas, liquid and solid, phases. According to the invention, hydrogen

Lo Shieh BehdEnvdlVed inl thetalkylatiani reaction 4 supplieshia ancinceasegh ) -,
amount and thereby the 14 results of alkylation reaction by the alcohol

Cat afeydrastivatly improvied dpatewiaf stabie eperation bk themeaetorsand, first
reduced catalyst damages, the alkylation of the aromatic compound with

1mp thesaltolol.is preférably parfermediia aithcklebedzonerperfusate Haw).
[0033] That is, the flow state in the reactor in the processes for

def prdducing alkylated arematie compeunds efthe invention is preferably in a
trickle-bed zone. 10[0034] As described above, the process for

[ 00 prdducing a'kylated aromatic compounds of the invention involves two
reactions: hydrogenation and alkylation, and the metal component

catalyzes thechydtagenation and the solid agid.component, =145y state in
the 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 JP-A-H11-116523.
[0032)]

After the alcchol formation by the hydrogenation of
ketone,thesolidacidcomponentformingthecatalystcatalyzas
the alkylation of the aromatic compound with the alcohol to
afferd an alkylated aromatic compound. This reaction is a
Liguid solid two phase reaction. In the system, however,
nydrogen which has been fed in excess for the hydrogenation
reaction is present although such hydrogen is not invelved 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
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15 contributes to the alkylation. 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, nickel,
cobaltandrhenium. The catalyst may be loaded in a fixed-bed reactor in
any manner without 20limitation as long as the catalyst forms a catalyst
layer having a single layer or a plurality of layers. [0035] 15 has an
resypseam sy 1 forared okthetmetal bonmpoaeal ant a dawnstiean tayes 1 1y
2 formed of the solid acid component or formed of the solid acid
imp gommpdnent and thevmetal comipoaentyand aicatalyst layes (Feinahich and
layer formed of the metal component and a layer formed of the solid acid
redgpponettdre aiterirately stacket elnpartidudar; framdthe viewpoints of < ¢
economic efficiency and catalyst loading rationality in the setting up of the
compeactor which aré attdiuted ¢4 thessimplereanstitifiop ©f the-gatalystlayer,
the catalyst layer 1B preferably a single 10 catalyst layer (A) formed of
trithe eatalyst ara eatatyst layer (B) whieky has an upstream layer 1 formed
of the metal component and a downstream layer 2 formed of the solid acid
{ 00 &dMponent or formed of the solid acid component and the metal
component. [0036] 15In a particularly preferred embodiment, the catalyst
is loaded in=a, fixed=bed seactor to-canstitute the gatalyst :{@Vq{k@)fprocesses
According to this preferred embodiment, the raw materials are first passed
for thiough dhe layen 1 whicheis farraed ofithe sneigheomponsnt catalyzing the;
hydrogenation and are 20 thereafter passed through the layer 2 which
is cestinsthesolid agidigomponent satalyzing the alkylation, and thereby

alkylated aromatic compounds may be obtained efficiently [0037] 16
[0034]

Ag described above, the process for prbducing alkylated
aromatic compounds of the invention involves two reactions:
hydrogenation and alkylation, and the metal component
catalyzes the hydrogenation and the solid acid component
contributes to the alkylation. The catalyst used in the
invention is formed of the solid acid component and Lhe metal
compenent including at least one metal selected from the group
consisting of copper, nickel, cobalt and rhenium. The catalyst
may be loaded in a fixed-bed reactor in any manner without
limitationasjhnx;asthecatalystformseacatalystiayerhaving
a single layer or a plurality of lavyers.

(003257
Examples of the catalyst layers include a single catalyst

layer (&) formed of the catalyst, a catalyst layer (B} which



10

15

20

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 sdlid 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
has regetore Tharisrtheagaction dasinelides alt bempenerits existingiarthe and a
form of gas, in detail 10 hydrogen fed as a raw material, evaporated
dowagdmaticrcompeund dndketdne, andeevaporated:atkylaed anematier formed
compound, water and alcohol. In the invention, the reaction liquid refers to
of aliguitkghiaseompanent imthe reactar. That issthe reactigndicgticc, and a
includes all components existing in the form of liquid, 15 in detail aromatic
cat gdmpounshand ketone fediasrawl materials, Aysnogen dissedvedintheponent
liquid phase, and alkylated aromatic compound, water and alcohol. [0038]
and pglug pair-pwaterdpgipt Y 2:kgpt-25:1)d {112 nvherein-pgds thernately
density of the reaction gas, pl is the density of the reaction liquid, pair is
stadthegas densipaefaiy pwater is thengas,density b waters and ugds,themi ¢
superficial velocity of the reaction gas. Equation (1) above corresponds to
e f £ the yaxis inrtheflovw zope diagramiip Fig+L.MVhen the teaction gas flow y p,
rate defined by Equation (1) is 0.05 or above, high cumene selectivity is
of tachieved:dhe igacton gas flow ratgis-mgre preferably-in the £ange of 1+ 5 on
0.08 to 0.6. 5[0039] In Fig. 1, the x-axis indicates the flow rate of the

of creaciiopdigyids represented by-Equationd2) below; The teaction liquid flow,. ;

rate represented by Equation (2) has been found less influential to the

catéﬂ@ﬂﬂﬂQkﬁﬂgﬂe§NﬂsﬁgP%%éOJEOQ@EyQﬂ#ﬁéﬁQ@%egf”Q”Eg@alyst layer

compounds by the processes according to the present invention,

(B) eomparedite the reaction gasifloy.rate expressed, @ytﬁ%ﬁ{@a(ﬂ‘)t:omponent
pl.ul.[(awater/a) (pwater/p1)211/3 ( kgm-2s(2)

and a downstream layer 2 formed of the solid acid component

or formed of the sclid acid component and the metal component.

{003¢6]

In a particularly preferred embodiment, the catalyst is
loaded in & fixed-bed reactor to constitute the catalyst layer
\B) . According to this preferred embodiment, the rawmaterials
are first passed through the layer 1 wﬁich is formed of the
metal component catalyzing the hydrogenation and are
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]

In the invention, the reaction gas flow rate defined by
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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 hereinabovégit 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
Equpstigdverdelylagfécttheprocgssesaf themventidhbas longrastherflovwe of a

state is in a trickle-bed zone. [0040] 18 Examples of the aromatic
Layeompounds used ir tive procedses fof producinyafkytates aromatited in the

compounds include benzene and naphthalene, with benzene being
catpreferted.:Bxamplesrof the ketopesiiriotude acetoneand methylefayd is the

ketone, with acetone 5 being preferred. [0041] That is, in a preferred
catembpodimentof the)processes: fon praducing/alkylated arematicis the layer

compounds of the invention, the aromatic compound is benzene and the
conketbneénsyacétene,cdndil G thesalkylatesharomatie compeynd obtainediin the

this case is cumene. f0042]
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
hydrogen fed as a raw material, evaporated aromatic compound
and ketone, and evaporated alkylated aromatic compound, water
and alcohol. 1In the invention, the reaction liguid refers te
a liguid phase component in the reactor. That is, the reaction
liguid includes all components existing in the form of ligquid,
in detail aromatic compound and ketone fed as raw materials,
hydrogen dissolved in the liquid phase, and alkylated aromatic
compound, water and alcohol.

[(0038]

2

pg-ug- [pair-pwater/(py-pl) 1'% (kgm™@s™) -« (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.

Bquation (1) above corresponds to the y-axis in the flow
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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 and rhenium. The catalyst may include
other components. The catalyst may; he formed (prepared) by any
methods without limitation. In an embodiment, the solid acid component
and the metal component containing at least one metal selected from

zoneopper; nickelncpbalt and rheniumemay:he: physically-mixedon20-8 ge £:ned
catalyst particle level with a centimeter size. In another embodiment, the

by Sefichacid componest and the-meial.companeghceniaining adeastiong; +y ;¢
metal selected from copper, nickel, cobalt and rhenium may be separately

achpulverzed 1.3 finely-smalh sizesandixegitagether, and he mixture May, e

be shaped 19 into catalyst particles with a centimeter size. In a still
rangaotber embedimens,.the solid acid component may be used as a carrier,

and the metal component containing at least one metal selected from
r0ogepper, nickel, cobalt and rhenium may be 5 supported thereon.

Alternatively, the metal component containing at least one metal selected

from gogpey, nickel; gebalt and: theniym may he ysed afﬁ%ﬁa&f@{’?a”odfth%he

solid acid component may be supported thereon. [0043] 10The solid acid

rea@MPENEN! &@89"EE@Q@@%H@Q&”%&?E@@%%Q@%“W§?°%%§8993The

Examples of the solid acid components inciude usual solid acids suchas
reaé%QM%;@ﬂ%%9&”?@éwaﬂg@garéB@@%é%Q%%?%%FE%%@%EEQ {(2) has been

WO03-promoted ]
found less influential to the efficiency and results of the
production of alkylated arcmatic compounds by the processes
according to the present invention, compared to the resaction
gas [low rate expressed by Eguation {(1).

1

pl-ul-[(ocwater/o) (pwater/pi)?1*? (kgm 2s™®) ---(2)

wherein pl is the density of the reaction liquid, pwater
is the gas density of water, ¢ is the surface tension of the
reaction liguid, owater is the surface tension of water, and
ul 1is the superficial velocity of the reaction Lliguid.

As described hereinabove, it is preferaple 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 liguid does not adversely affect the
processes of the invention as long as the flow state is in a

Ttrickle-bed zone.

[0040]
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ziroonla. 15[0044] In particular, the zeolites that are inor_ganic

crystalline porous compounds composed of silicon and alumlngm are

suitable solid acid components from the viewpoints of heat resistance and
selectivity for the target alkylated argrpatic 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
twelNe=amembered ringstamcturethaving apere.simias daisize 20tpthecesses
molecular diameter of cumene. [0046] Examples of the zeolites

forhawingua twejveimembered singsiructuredaglude,Mdyps zeglite, 1S YAYRE 2 1y
zeolite, mordenite 5 type zeolite, dealuminatedmordenite type zeolite,

nap Rezenlite; M|CMi22:type zeolite angiMeM-86-typerzeolite.dn pagiculars s 1o
P-zeolite, MCM-22-type zeolite and MCM-56-type zeolite have suitable

ket strectutes: [Q047]l0dn theszeolitesthe gompasition ratig hetween silicon, .,

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
thealkylated aromatic 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
and rhenium. The catalyst may include other components. Thé
catalyst may be formed (prepared) by any methods without
limitation. 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
a catalyst particle level with a centimeter size. In another
embodiment, the solid acid component and the metal componant
conteining at least one metal selected from copper, nickel,

cobalt and rhenium may be separately pulverized to a finely

small size and mixed together, and the mixture may be shaped
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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 15 are 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

intsphese,<ylindricah columne: extiudate ar erished pieces.skhe.20 size of the , 1 ;

particles of the solid acid components may be selected in the range of

anc0.0& mmrto 460mmidependingonthe size.of areastor. 00491 The metaly .
components containing at least one metal 21 selected from copper,

a caickek cobaltcand shesium rmay.be metal simple substances, metal gxides_ .
such as Re02, Re207, NiO and Cu, metal chlorides such as ReC13,

s e INiG12cantGruCa2gand-cluster metals sueh,as Ni-Gy and Ni-Gu-Cr.,

2 b
5[0050] The metal components containing at least one metal selected

supfsomceppen aicksh cobalt-and rheniym-are n@&eaw&ld'sf{'y%“%sd as long

as they have a capability of hydrogenating the carbonyl functio a?aroups

conintoialeahpls.£10 Commergially avaitable, E%q{gg%{na%@cgmcaéafjé%g mayrg% kel
used. For example, such catalysts are marketed as supporte 'ca{a’lysfs on- "’

cobYanous\earriers, with examples including 5%_Re carbon catalysts, 5% Re |
alumina catalysts, silica alumina-supported rﬁ?kel[ %ét’alﬁs%t'ai"r%de catalybts *°4d

comBudpROfted:on these §§E§§65fi@ejd5 \@{%eg .amounts, for example 1% or
0.5%. In a preferred embodiment, at least one carrier is selected from

roosilica, alumina, silica alumina, titania, magnesia, silica magnesia, z rconia
and carbon.

The 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 WOs-promoted
Zirconia.

[0044]

In particular, the zeolites that are incrganic
crystalline 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
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

. _ ; - X . . . .
twelve-membered ring structure naving a pore similar in size
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[00511 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 siz&lof 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
Lo ebftaiingeatiéast shieametat seleéteddroameopper, nickel, cobalt and
rhenium may further 5 contain at least one element selected from the
[0C§folup consisting of Group 1IB elements, Group IIIA elements, Group VIB
elements and Group VIII elements (except nickel and cobalt). [0053]
Spetificraxamples of sechr eleientssincluderzn, £d, vy, 40BrAhGada, ring
Ti, Cr, No, W, Fe, Ru, Os, Rh, Ir, Pd and Pt. [0054] From the
s t rviewpointiofekteirdéd-catalyst dife] it isspreferable/that the metal, mordenite
component contain Zn or Al inaddition to cupper. 15[0055] |
type zeolite, dealuminated mordenite type zeolite, B-zeolite,
MCM-22-type zeolite and MCM-56-type zeolite. In particular,
B-zeolite, MCM-22-type zeolite and MCM-56~type zeolite have
suitable structures.
00477
In 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
are substituted with other metal such as Ga, Ti, Fe, Mn or B.
[0048]
Theshapeoftﬁmasolidacidcxmmonentsjf;notparticularly
limited, and the solid acid components may be in the form of
sphere, cylindrical column, extrudate or crushed pleces. The
size of the particles of the solid acid components may Dbe
selected in the range of 0.01 mm to 100 mm depending on the
size of a reactor.

100497

The metal components containing at least one metal
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The catalysts of the invention may increase activity or selectivity by
containing metal salts such as PbSO4, 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 2Qtequired. [0056] Inan
embodiment, the metal component containing at least one metal selected
from copper, nickel, cobalt and rhenium may be supported on the solid
sel aeidcbraporenteascecarriet.dhe23 detdilz Such: supported: catalysts Payne=al
be prepared by impregnating the solid acid component with an aqueous
s imgekytion bE thenmetal nitrate and galdiaingsthe impregnated catalyst, Nio and
Alternatively, the metal may be bonded with an organic molecule 5 ligand
CuOtorbeteme:sdlubledr srganit salveats andithe solidhacid companeatmays + e r
be impregnated with a solution of the metal-ligand complex in an organic
met sblventanid thereafter caletnedyTaking advantage of the characteristic
that some of the complexes are vaporized under vacuum, such complexes
[0Cwiay 10 be supported on the solid acid component by deposition or the
Further, a coprecipitation method may be adopted in which the solid acid
component issabtaineg freeha conespandingmetal salt insthe jyresence.of
a metal salt which will form the hydrogenation catalyst and thereby the

se 1 syntbesis of the-s9lid:L5, acid eemponent:and:thg supparting of the.metal -
are carried out simultaneously. [00517] To achieve high productivity,

par the:supply rate farithe saw matgrials instherjaventiop .indetail the:liguid, -
weight hourly
hydrogenating the carbonyl functional groups into alcohols.
Commercially available hydrogenation catalysts may be used.
For example, such catalysts are marketed as supported catalysts
on vVarious carriers,.with examples including 5% Re carbon
catalysts, 5% Re alumina catalysts, silica alumina-supported
nickel catalysts and catalysts supported on these carriers in
varlied amounts, for example 1% or 0.5%. In a preferred
embodiment, at least cne carrier is selected from silica,
alumina, silica alumina, titania, magneslia, silica magnesia,
zircenia and carben.
[0051]

The shape of the metal components contalining 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 pileces. The size of

the particles of the metal components may be selected in the
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20 space 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 inventith, the process for producing
alkylated aromatic compounds is carried out in the presence of hydrogen.
Theoretically, hydrogen may be used at least in an eguimolar amount
rangélatie o the ketohe. Fidnmtheddewpaointscofdnseparation andrrecoverttor .
the hydrogen may be preferably used in an eguimolar to twenty-fold molar
[ 00 afnount, and more preferably in an equimolar to ten-fold molar amount
relative to the ketone. When the ketone conversion is desired to be less
thafl 1609t thel hydrogem amosint may dercontrolied less thansthe metal
eguimolar 10amount, In the reaction of the invention, the hydrogen reacts
seleithette Oxygeratane in theikstene ta-fosmwater, @ned-the waternproduced n e
is discharged from a reactor outlet together with the alkylated aromatic

concempalind.eAccordingly, amexcess obhydsegen ovacheketone ishels 1 st ing
substantially consumed as long 15as undesirable side reactions take

of (place: [0059: Theeretieglly; the aromatic compornd may beysed-atleast n+ s
in an equimolar amount relative to the ketone. From the

and Group VIII elements (except nickel and cobait).

[0053]

Specific examples of such elements include Zn, Cd, Hg,
B, AL, Ga, In, T1l, Cr, Mo, W, Fe, Ru, Os, Rh, Ir, Pd and Pt.
(0054

from the viewpoint of extended catalyst 1life, it is
preferable that the metal component contain Zn or Al in addition
to cupper.

[0055]

The catalysts of the invention may increase activity or
selectivity by containing metal salts such as PbSO,, FeCl,; and
SnCl;, alkali metals and alkali metal salts such as K and Na,
and Ba30;. Such components may be added to the catalysts as
reguired.

[0056]

In an embodiment, the metal component containing at least

cne metal selected from copper, nickel, cobalt and rhenium may

be suppcrted on the solid acid component as a carrier. In
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viewpoints of separation and recovery, the aromatic compound 20 may be

preferably used in an eduimolar 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 producingalkylated aromatic 25 compounds,

the raw 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
detrange of 100 te 300C 1 and preferablysk29 ta:2506= Thespaction pressure

is in the 5range of 0.5 to 10 MPaG, and preferably 2 to 5 MPaG. [0061]
impAgrocessior preducing phenotiacearding:ta the present Hyeston solution

includes the step (a) to the step (d) described below wherein the step (c)

of ishperformed according tathe peocess fof dOcpredusipg Alkylated ararpatic  + .
compounds described here above. In the process for producing al kylate

Alt aromaticicompoundsiwhieh is perfosmesiasthe sten (€) inthe phengh 1 ccue
production process, the aromatic compound is benzene and the ketone is
ligaeeione. Sepda) assiepof exidizing.cumene it GUMeNe  ~n4 the solid

acld component may be impregnated with a solution of the
metal-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 component by deposition or the
like. Further, a coprecipitation method may be adopted in
which,thé solid acid component is obtained froma corresponding
metal salt in the presence of a metal salt which will form the
-hydrogenation catalyst and thereby the synthesis of the solid
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 ligquid weight hourly
space velocity (WHSV) relative to the catalyst welght 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
welght of the aromatic compound and the ketone.

T0058]
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15 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 20Step (d)2a 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

acetbne i reactet: mithe stepc (o} toforn cumener and the cumene formed.. .

26 in the step (c) is recycled in the step (e) back to the step (a).
ar ofedordinglyribisitheotetioally notrecessary; that-agatene shauldbe fod. o ger |
. from the outside of the reaction system, achieving cost advantages.'In
Thepraetical pldnts, itisch diffieultia yeeover 400% acetone andtherefare at, 1 .,

least,an amount of acetone corresponding to the decrease is newly fed to
amothetreactionsystemo[0062] ketone. From the viewpoints of
separation and recovery, the hydrogen may be preferably used
in5ﬂ1equimolartx)twentyhfoldmnolaranmunt,eﬂmﬂmorepreferably
ineulequimolartxytenwfolcimoiax'amount relative to the ketone.
When the ketone conversion is desired to be less than 100%,
the hydrogen amount may be controlled less than the egquimclar
amount. 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
as undesirable side reactions take rlace.
[0059]

Theoretically, the aromatic compound may be used at least
in an equimolar amount relative to the ketone. From the
viewpoints of separation and reccvery, the aromatic compound
may be preferably used inenlequimolartx)ten—foldlnolax(mmount,
and more preferably in an equimolar to five-fold molar amount
relative to the ketone.

t0060]

In the processes for producing alkylated aromatic
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Various modifications and improvements may be made to the processes
for producing phenol according to the invention. EXAMPLES [0063]
The present invention will be described by presenting 15 examples but,the
invention is not limited to such exanydes as long as Wlthlr_1 the scope qf
the invention. [0064] [Example 1] A catalyst test was carried out in which
cumene was 20 produced from raw materials: acetone, benzene and
compydiogen. the CuaZn catalyst (cylindrical ¢eldmns 3ammiipgiameter X3 ctor
mm in height, manufactured by SOd-Chemie Catalysts Japan, Inc.,
in wxlgmental mass Wr@ud2:1d 3586,ZN:3%:t0:40%0 Al 6.6612%, ZMtO CHaction
atomicratio: 1.0 to 1.2) weighing 14969 was loaded 27 at an upper part of
temestainless steel verticakreattion tibei38.4 mm iminger diameter (havingo °c,
an 8 mm inner tube) and 4800
and preferably 120 to 250°C. The reaction pressure is in the
range of 0.5 to 10 MPaG, and preferably 2 to 5 MPaG.
[(C0b1]

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
producing aikylated aromatic compounds described hereinabove.
h}theprocessforproducingalkylatedaromaticcompoundswhich
is performed as the step (¢) in the phenol production process,
the aromatic compound 1s benzene and the ketone is acetone.

Step fla): a step of oxidizing cumene into cumene
hydroperoxide;

Step (bl): a step cf acid decomposing the cumene
hydroperoxide to obtain phenol and acetone;

Step (¢): 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).

In theprocess for producing phencl, 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
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mm in length_ P-zeolite catalyst (pellets 1.5mm in diameter, manufactured
by TOSOH CORPORATION) weighing 1806 g was loaded 5 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 af the P-zeolite catalyst. [0065] After
the loading, isopropanol was supplied from the top 10 of the reactor at 24
L/h and the catalyst was washed for 1 hour. After the completion of the
in Washimgsthe(catalyst was activated by passingdiydregenat:630:-NLAk at 3t o p
MPaG and a preheating temperature of 100C for 3 hours [0066] 15While
(2) the Feactorgpressiye was maintaired-at:3 MPRG,and thenprebeating, +nat
temperature at 170C, benzene: 7.0 L/h, acetone: 0.59 L/h and hydrogen:
ace83@ Alvhwere supplied frararthetep ©f the reacter tonperferm ©astionyAr an
mixture of the reaction liquid and gas that was discharged from the reactor
ach bettamevas,2Q separated:igasgas-liguig separation tank, and the eil ; -
phase and the agueous phase were separated in an oil-water separation

difficult to recover. 100% acetone and therefore at least an

amount of acetone corresponding to the decrease is newly fed
fto the reaction system.
[0C62]

Various modifications and improvements may be made to the

processes for producing phenol according to the invention.

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
produced from raw materials: acetone, benzenes and hydrogen.

Cu~2n catalyst (cylindrical columns 3 mm in diameter x
3 mm in height, manufactured by SUd-Chemie Catalysts Japan,
Inc., elemental mass %: Cu 32 to 35%, Zn 35 to 40%, Al 6 to

7%, Zn to Cuatomic ratic: 1.0 to 1.2) weighing 1496 g was loaded
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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 cumerye selectivity was high at 96.9%.
[0067] Separately, a flow zone under the above conditions was
studied. The reaction gas ...low rate at the entrance of the layer 2 (the

at alkylatior catalyst layerd wasacatCldated sising the PRI eguation-tkagakiuhe
Kougaku Bi an (Chemical Engineering Handbook), revised 6th edition,

38 . édited by TheSocitty forGhemicalErgineers Japanhas-an@stimadion 4300
equation which 10 had been corrected by regressing literature data

mm includingsolubifitydasa of Bydeagensin bengene and cumeng, (Ipatiell Moot o,
Oil Gas J. 32, 14-15, (1993) and Sokolov V., J. Appl. Chem. USSR, 50(6),

manl847-13848(19y7 7)), soluhility date.of henzene and cumene in Walels 1caded
(Thompson W. H., J. Chem. Eng. Data, 9(4), 15 516-520, (1964) and

at &£nghnd: Aakbin.fTekknahoplcNasaly 1063) 242-46, (1265)) and, thereby
benzene/water azeotropic data (Burd S. D., Proc. Am. Petrol. Inst. Ref.

fordiv, 48,:1464-426i (1968)) <[0068}, Propexties were esfimated by jnputting . .
the above 20 estimation equation and reaction conditions in Examples in a

> O§ta€i9@a@@99qg%@n@éa&tgrl(yr%acn_ufactured by Aspen Tech Japan

[0065]

After the loading, isopropancl was supplied from the top
of the reactor 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 100°C for 3 hours.

[0066]

While the reactor pressure was maintained at 3 MPaG and
thepreheatingtemperatureat170°C,benzene:7.0L/h,acetone:
0.59 L/h and hydrogen: 830 WL/h were supplied from the top of
the reactor to perform reaction. A mixture of the reaction
liguid and gas that was discharged from the reactor bottom was
separated in a gas-liquid separation tank, and the oil phrase
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 liguid and the waste gas were sach

analyzed by gas chromatography. The gas chromatography showed
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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) ) pl
ul. [ (awater/a) (pwater/pl) 211/3 (kgm-) = 3.430 5y-axis (Equation (1)):
pg-ug.[pair.pwate /(pg-pl)] 1/2 (kgMz2S-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

thatehbtorspressure was chasgette #sMPRaG andntie: preheatingteraperature i t v
was 185C. The acetone conversion was 97.0% and the cumene selectivity

waswas dligheat 32£9%# The results are set forth in Table 1. [0071] 15In
Example 2, the flow state was in a trickle-bed zone

[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 editicn, edited by The Society for

Chemical Engineers, Japan.) as an estimation eguation which
had been corrected by regressing literature data including
solubility data of hydrogen in benzene and cumene (I'patieff
V., 011 Gas J. 32, 14-15, {1993) and Sokolov V., J. Appl. Chem.
USSR, 50(&), 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 {(Burd
S. D., Proc. Am. Petrol. Inst. Ref. Div., 48, £464-476, (1968)).
[0068]

Properties were estimated by inputting the above
estimation equation and reaction conditions in Examples in a
statlionary process simulator (manufactured by Aspen Tech Japan
Co., Ltd.). The results are set forth in Table 1.

[0069]

1

In Example 1, the flow state was in a trickle-bed zone
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and the reaction gas flow rate at the layer 2 was 0.083. [0072] X-axis
(Equation (2)): pl-ul.[(cwater/a) (pwater/p1)2]1/3 (kgm-2s-1) - 3.746
20y-axis (Equation (1)): pg.ug.[pa r.pwater/ (pgp1)]1/2 (kgm-2s-11 - 0.083
[Example 3] Cu-Zn catalyst (cylingrical columns 3 mm in diameter x 3
mm in height, manufactured by SOd-Chem e Catalysts Japan, 30 Inc.,
elemental mass %: Cu 32 to 35%, Zn 35 to 40%, Al 6 to 7%, Zn to Cu

and atdmicratictlioto 23 weighing-88% gatasdaadediipdhe reagter o . o5 .
described in Example 1. P-zeolite catalyst . (pellets 1.5mm in diameter,

t 00 Mignufactured by TOSOH CORPORATION) 5 weighing 1806 g was
loaded at a lower part of the reactor. A catalyst layer was thereby formed
whigh hada layend of #ie CurZn catalyst.and.g,layer-2 of the zeglite, 2272
catalyst. The catalyst was washed and pretreated in the same manner as

{ kgind=xample 1. 10[0073] While the reactor pressure was maintained at 3

. MPaG and
y-axis (Eguation (1)): pg-ug-lpair-pwater (pg-pl)]t/?
(kgm™@s™%) = 0,095
[Exampls 2]

Acatalyst test was carriedout with the same experimental
apparatus and under the same reaction conditions as in Example
1, except that the reactor pressure was changed to 4 MPaG and
the pr@heatimg_temperature was 185°C. The acetone conversion
was 97.0% and the cumene selectivity was high at 92.9%. <The

results are set forth in Table 1.

In Example 2, the flow state was in a trickle-bad zone

and the reaction gas flow rate at the layer 2 was 0.083.

[0072]

x-axls (Equation (2)): pl-ul-[(owater/c) (pwater/pli?]t/?
(kgm™@s™') = 3.746

y-axis (Equation (1)): pg-ug- {pair-pwater/{pg-pl)]*/?
(kgm™@s ™y = 0.083
[Example 3]

Cu-Zn catalyst {cylindrical columns 3 mm in diameter x

3 mm in height, manufactured by Stud-Chemie Catalysts Japan,
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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 liquid and gas thqt was
dischargéed from the reactor bottom¥as separated in a gas-liquid
separation tank, and the oil phase ‘and the aqueous phase were §eparated
in an oil-water separation tank. When the reaction had been continuously
Inc earrietesut fdel2 heurs, the réactioh liguicdk and thenwaste 20 gasawer: 6 +o
each analyzed by gas chromatography. The acetone conversion was
7%, g815% did theccuteme selkectivity was high)aty28.9%: Thesresults.are setaded
forth in Table 1. [0074] 31 and the reaction gas flow rate at the layer 2
in was @28xd0075)escxias (E@U&I@Eln@népﬁu,l-[(Bwﬁé@f/laﬂ')te catalyst
(pwater/p1)2]1" (cgm-23-1) _ 1.949 5y-axis (Equation (1)): .
(pe pgaigs[pain puaten/ (Pgapb) /2, (kgm-2s21).0.285]Comparative:Exampleon
1] A catalyst test was carried out with the same experimental
we 1 gipparatus aadynders the-same reaction eonrditions-as brExampleactor. &
catalyst layer was thereby formed which had a layer 1 of the
Cu-Zn catalyst and a layer 2 of the B-zeolite catalyst. The
catalyst was washed and pretreated in the same manner as in
Example 1.
[OG73]
While the reactor pressure was maintained at 3 MPaG and
the preheating temperature at 173°C, benzene: 7.65 L/h,
acetone: 0.59 L/h and hydrogen: 2090 NL/h were supplied from
Lhe top cof the reactor to perform reaction. 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 ocut for 12 hours, the reaction liguid and the waste
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]

In Example 3, the flow state was in a trickle-bed zone
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10 2, except that the hydrogen was fed at 530 NL/h. The acetone
conversion was 96:1% and the cumene selectivitywas low at 87.9%. The
results are set forth in Table 1. [0076] In Comparative Example 1, the
flowstatewas in a boundary 15 zon& hetween 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)):

andptad . [(avatedaypwater/P1)211 ' -20(kgra2sihe 71063 r 2y-a%is 0.285.
(Equation (1)): pg.ug.[pair.pwater/(pg.pl)] (kgm-2s-1) = 0.033

[0C[Cdmparative Example 2] Acatalysttestwas _
carriedoutwiththesameexperimental 32 apparatus and under the same

reaction.condiions:as tnExamplepl - ul- [ (cwater/s) (pwater/pl)?}/?
(kgm™@s™!) = 1.949

y~axis (Equation (1)): pg-ug- [pair-pwater/(pg-pl)]*/?
(kgm™@s™'y = 0.285
iComparative Example 1]

Acatalyst test was carried out with the same experimental
apparatus and under the same reaction conditions as in Example
2, except that the hydrogen was fed at 530 NL/h. The acetone
cbﬁversionwas96.1%andtﬁm&Cumeneseiactivitywasjhwiét87.9%.
The results are set forth in Table 1.

[C07¢6]

in Comparative Example 1, the flow state was in a boundary
zone between a trickle-bhed zone {perfusate flow) and a bubble
flow zone, and the reaction gas flow rate at the layer 2 was
0.033.
too7m)

¥—axis {(Equation (2})): pl-ul-[(owater/c) (pwater/pl)*1t/3
(kgm™@s™) = 7.063

y—axis (Eguation (1)): pg-ug-[pa:Lr'pwa‘tter/{pg-pl)]1”2
(kgm™@s™') = 0.033

[Comparative Example 2]

A catalyst test was carried out with the same experimental



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 [00781 In Comparative Example 2, the flow state
was in a boundary zone between a ttickle-bed zone (perfusate flow) and a
bubble flow zone, and the reaction gas flow rate at the layer 2 was 0.022.
10[0079] x-axis (Equation (2) ) : pl ul (awater /a) (pwater/pl) 211/3

app kg 85 4£583undyraxis ¢Egaation ¢B)Jt ipgrug ofpdit cpwaterk@g pIDHd2p 1 e
kgm s=0.022 Reference Signs List [0081]

3, except that the hydrogen was fed at 348 NL/h. The acetone

conversionwas 87.7% and the cumene selectivity was low at 35.7%.
The results are set forth in Table 3

[0078]
in Comparative Example 2, the flow state was 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.
[0079]

¥-axlis (BEgquation (2)): pl-ul-[(owater/c) (pwater/pl)?]*/>
(kgm™s™*) = 4.583

y-axls (Bquation (1)): pg-ug- [pair-pwater/{pg-pl)]*/?

(kgm™s ") = 0.022
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perfusate flow 2mist flow 3pulsating flow 4bubble flow 35 CLAIMS 1.A
process for producing alkylated aromatic 5 compounds comprising feeding
raw materials including an aromatié £ompound, a ketone and hydrogen in

a gas-liquid-dewnward-concurr mode to a fixed-bed reactor
packed with a gatalyst therebyto produce an alkylated aromatic
compound, {g\h‘é% n.10theatdlyst comprises a solid acid component and
a metal compahent ca mPrising at least one metal selected from the group
consisting ¢ficopper, nickel, cabalt and rhenium, the catalyst is
loaded in tkggxeﬂ-bed reactor|sucltrthat the catalyst forms a catalyst layer
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15a 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 solid acid which layer is included in the catalyst layer:
pg.ug.[pa-pwater/(pg.pl)]1/2 (kgm-(3) 20 wherein 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
Re feftthegeacdtiopgasl. i36c 2. The process for producing alkylated
aromatic compounds according to claim 1, wherein the catalyst layer is a
[ 0C8ingle catalyst layer (A) comprising the catalyst or is a catalyst layer (B)
which includes an upstream layer 1 comprising the metal component and
a downstreanelayers2 comprising the solid acid component or comprising
the solid acid component and the metal component, and wherein
the 2ntrancerdfset lagergontaining the solid acid is an entrance of the
catalyst layer (A) or an entrance of the layer 102. 3. The process for
producing akkylateg-arematic.gempounds according to claim 1 o 2,
wherein the flow state in thereactor is in a tricklebed zone. 15 4. The
progess-for prodycing alkylated aromatic compounds according to any
one of claims 1 to 3, wherein the metal component further
comprisesatleastone element selected from the group consisting of Group
IIB elements, Group IIIA 20elements, Group VIB elements and Group VI
elements (except



20

nickel and cobalt). 5. The process for producing alkylated aromatic
37 solid acid component is zeolite. 6. The process for producing
alkylated aromatic compounds according to clam 5, wherein the zeolite
has a ten 5 to twelve-membered ring structure. 7. The process for
producing alkylated aromatic compounds according to any one of claims 1
to 6, wherein the catalyst layer is a catalyst layer (B) which includes an 10
uostreamlayerl comprising the metal component anda downstream layer 2
comprising the solid acid component or comprising the solid acid
component and the metal componentiMs 8. The process for producing
alkylated aromatic 15 compounds according to any one of claims 1 to 7,.
wherein the aromatic compound is benzene and the ketone is acetone.

9. A process for producing phenol, comprising the step (a) to the step
(d) described helow avherein the step(e)is20:perfprmed acgording to the

process for producing alkylated aromatic compounds described in claim 8;
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, cebalt and rhenium,

the catalyst is lcaded in the fixed-bed reactor such that
the catalyst forms a catalyst tayer having a single layer or
a plurality of layers, and

the reaction gas flow rate defined by Equation (1) below
18 not less than 0.05 at an entrance of a layer containing the
sclid acid which laver is inciuded in the catalyst layer:

pg-ug: [pair-pwater/{pg-ply]t? (kgm™s™) .« (1)

wherelin pg is the density of the reaction gas, pl is the
density of the reaction liquid, pair is the gas density of air,
pwater 1s the gas density of water, and ug 1s the superficial

velocity of the reaction gas.
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step (a): a step of oxidizing cumene into cumene hydroperoxide; step (b):
a step of acid decomposing the cumene 38 hydroperoxide to obtain
phenol and acetone; step (c): a step of reacting the acetone from the step
(b) with benzene and hydrogen to syrithesize cumene; and step
(d): a step of circulating the cumene from the step 5(c) to the step (a).

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
catalystlayer(B)whichincludesanupstreamlayer1<xm@rising
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 laver

2.

3. The process for producing alkylated aromatic
compounds according to claim 1 or 2, wherein the flow state

in the reacter is 1in z trickle-bed zone.

4. The process for producing alkylated aromatic
compounds according to any one of claims 1 to 3, wherein the
metal component further comprises at least one element selected
from the group consisting of Group IIB elements, Group IILIA
elements, Group VIB elements and Group VIII elements {except

nickel and cobalt).

5. The process for producing alkylated aromatic

compounds acceording to any one of claims 1 to 4, wherein the
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solid acid component is zeclite.

6. The process for producing alkylated aromatic
compounds according to claim 5, wherein the zeolite has a ten

5 to twelve-menbered ring structure.

7. The process for producing alkylated aromatic
compounds according to any one of claims 1 to 6, wherein the
catalyst layer is a catalyst layer (B) which includes an

i0 upstream layver 1 comprising themetal component and a downstream
layer 2 comprising the solid acid component or comprising the

solld acid component and the metal component.

8. The process for producing alkylated aromatic
15  compounds according to any one of claims 1 to 7, wherein the

aromatic compound i1s benzene and the ketone is acetone.

9. Aprocess for producing phenol, comprising the step
(a) to the step (d) described below wherein the step {(¢) is
20  performed according to the process for producing alkylated
aromatic compounds described in claim §;
step (a): a step of oxidizing cumene into cumene
hydroperoxide;

step (b): a step of acid decomposing the cumene
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hydroperoxide to obtain phencl and acetone;

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

step (di: a step of circulating the cumene from the step



