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DESCRIPTION PROCESS FOR PRODUCING ALKYLATED AROMATIC
COMPOUND AND PROCESS FOR PRODUCING PHENOL TECHNICAL
FIELD 5[0001] The present invention relates to a process for allowing
an aromatic compound to react with & ketone and hydrogen to produce a
corresponding alkylated aromatic compound by, and to a process for
producing a phenol wherein the above process is 10 performed in a step.
More specifically, it relates to agwosessfonproducing an alkylated
aromatic compound by reacting a ketone, an aromatic compound and
HyribageEs usiog epspevificTeatalysikinersingle 1gaetionstepoan®ia@ anp
process for producing a phenol wherein the above process is performed in

a step. BACKGROUNP:OF Ttz INVENTI@NI08@2k 01, A process for
producing cumene by reacting benzene and propylene, a process for
TECpraducing-cumene hydroperoxide by 20 oxidizing cumene, and a process

for producing phenol and acetone by acid decomposing cumene
[cohydroperox de are each known. A process in which these reactions are
combined is a production process for a phenol generally called as a

cumene methed, and.is amain progess for p{%d%igqsé%e dolfo% 199931, ng

The cumene method has a property that acetone is produce

an SialANeo Uébfmdég heughithe property hegomes gg ?s@_tﬁe""haeﬁda%et.%r}% en o

simultaneously desired" when acetone Is obtain In an excessive

PO R e L e 0 e . g o

propylene which is a raw material acts disadvantageous

a pRcopemiegfficiency. Iherefore, in grder (g lead the cost difference .
between an olefin which i€ a raw matérial and a Ketone which 1s

perf@ﬂ@g%?%t%tep, More specifically, it relates to a process

forproducimganalkylat@daromaticcompoundbyreactingeaketone,

an aromatic compound and hydrogen using a specific catalyst in

a single reaction step, and to a process for producing a phenol

wherein the above process is performed in a step.

BACKGROUND OF THE INVENTION
[0002]

A process for producing cumene by reacting benzene and
propylene, a process for producing cumene hydroperoxide by
oxidizing cumene, and a process for producing phenol and acetone
by acid decomposing cumene hydroperoxide are each known. A
process in which these reactions are combined is a production
process for a phenol generally called as a cumene method, and

is a main process for producing a phenol.
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10 advantageousness, proposed is, for example, a process for
simultaneously producing phenol and methylethyl ketone by oxidizing and
acid decomposing secondary butyl benzene obtainable from n-butene and
benzene (referred to Patent documer;&s 1 and 2). In this process, since the
selectivity of 15 secondary butylbenzéne hydroperoxide, which is an
aimed product by oxidation of secondary butyl benzene, is only about 80%
[ oowhile acetophenone is incidentally produced in an amount of 15% or
more, the yield of this process as a phenol production process does not

reaghto H@&E@%%W@@%@E@E%}i@%@ thaEuggg.r{:rg%rée’iaspr%coeggced

for obtaining phenol and cyclohexanonebyoxidizingandaciddecomposing

sim3dehydragenating resulting C'@H%X%?Beﬁyé?% ﬁpy;ggecg:ducggn ofaketone,
action of cyclohexylbenze

can be avoided formally. In the oxidation r C ne,

acehOWEVE il ' yglohexylbenzenehydroperoxide is_low and
o e i @%ﬁ@é}@@g@%@ﬁ 88@??% 51" wﬂ}{ﬁé]eratcﬁ%%?r%ﬁrﬁsstaﬁ gg1ned

the industrial value 5 thereofis low. [0

in d9r the.cumene method having the highest yields.of oxidation and acid
decomcposition, in order fo aj\'/tg% t%eeS e?gsctt 0 Oaég‘e gngleﬁ%iadje taffpreot, the

r ith.propylene 10 which is a raw material while keeping the
cosgu%%#]i%gr%# rgr{}ét o‘gé ?c?r reusing the acetone which i€ by prodifted iging 23

g4 < Yau thods are proposed. [0006] Acetone is easily convertible into
%50 p%%%&%%%%sﬁ'syhyg r%geﬁ%ﬁ &n. The ProcESS WhBRE TR SO prépdnst iency -
. drated to prepare propylene and then it is allowed to react with .
0 e%%%é:r? é ténogtgaf%ggu?ncg %e.%aﬁﬁy? S protesd sF RSy acefRe as &1etin
whi(léﬁwimaterial for the cumene me hod is proposed (referred to Patent

octiment 35 THIS proceds, HowWever HaLA 0 HioblBmist iy Rmiced to

additional steps of hydrogenation step and dehydration step.
advantegeousness, proposed is, for example, a process for

simultaneously producing phenol and methylethyl ketone by
oxidizing and acid decomposing secondary butyl benzene
obtainable from n-butene and benzene {referred to Patent
documents 1 and 2). In this process, since the selectivity of
secondary butylbenzene hydroperoxide, which is an aimed product
by oxidation of secondary butyl benzene, is only about 80% while
acetophenone is incidentally produced in an amount of 15% or mere,
the yield of this process as a phenol production process does
not reach to that of the cumene method.
[0004]

Furthermore, a process for obtaining phenol and
cyclohexanone by oxidizing and acid decomposing
cyclohexylbenzene obtainable from cyclohexene and benzene is

also proposed. 1In this process, since rhenol is cbtained by
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[0007] 4 react with benzene are proposed (referred to Patent documents
4 to 6). Part'cularly, the patent document 6 discloses a process of
preparing isopropanol from acetone by-produced and producing phenol by
using cumene obtained by allowing it§o react with 5 l:_)enzene. The
process, however, also has an additional hydrogenation step as compared
with the original cumene method. [0008) On the other hand, as a process

deh pfireusing:Ry-peoducediaceione yithgykadding any StePS I We et ion of
conventional cumene 10 method, namely a process of diréctly react

a keaostenedenzens,and Aydregen, auprocess, of gllowing them.to reactin - -

the co-presence of hydrogen using a catalyst system which comprises a

cycBolid acidisubstance and g GiLcmpound Tiﬁz%iSCIOS?q {Ratent dgeument .
7). 15 However, the process described in the patent document 7 has a

cyclendencythat-nrapane; isby-produced.in the preparation glfz%lljins:' €21 value
Patent

thereof is low.

[0005]

Under the circumstances, for the cumene method having the
highest yields of oxidation and acid decomposition, in order to
avold the defect of acetone incidentai&grproducedxmﬁﬂapropylene
which is a raw material while keeping the superiority, methods
for reusing the acetone which is by-produced using wvarious
methods are proposed.

[000¢]

Acetone 1s easily convertible into isopropanol by
hydrogenation. The process where this isopropancl 1is
dehydrated to prepare propylene and then it is allowed o react
with benzene to cbtain cumene. Namely, a process of reusing
acetone as a raw material for the cumene method is proposed
(referred to Patent document 3). This process, however; has a
problem of having two additional steps of hydrogenation step and
dehydration step.

[CO07]
Consequently, processes of obtaining cumene by directly

allowing isopropanol obtained by hydrogenation of acetone to
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document 1. JP-A-S57-91972 Patent document 2: US-A-2004-0162448
specification 20 Patent document 3: JP-A-H2-174737

react with benzene are proposed (referred to Patent documents
4 to 6. Particularly, the patent document 6 discloses a process
of preparing iscpropanol from acetone by~-produced and preducing
phenol by using cumene obtained by allowing it to react with
benzene. The process, however, alsc has an additional
hydrogenation step as compared with the original cumene method.
[G008]

On the other hand, as a process of reusing by-produced
acetone without adding any steps to the conventional cumene
method, namely a process of directly react acetone, benzene and
hydrogen, a process of allowing them to react in the co-presence
of hydrogen using a catalyst system which comprises a solid acid
substance and a Cu compound is disclosed (Patent document Ty,
However, the process described in the patent document 7 has a
tendency that propane is by-produced in the preparation of

cumene.

Patent document 1: JP-A-557-81972

Patent document 2: US-A-2004-0162448 specification
Patent document 3: JP-A-H2-174737

Patent document 4: JP~-A-H2-231442

Patent document 5: JP-A-H11-35497

Patent document 6: JP-A-2003-52398%

Patent document 7: JP-8-2005-513116
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Patent document 4: JP-A-H2-231442 Patent document 5:
JP-A-H11-35497 Patent

DISCLOSURE OF THE INVENTTON
CBJECT OF THE INVENTION
(00097

The present invention aims to provide a new process for
producing an alkylated aromatic compound which can establish a
method industrially practical and which is for obtaining cumene
bydirectlyreactingacetone,benzeneaﬂdhydrogenw The present
invention aims to provide a process for producing a phenol in
a step of which the above process is performed and which does
not involve any additional steps as compared with the

conventional cumene method.

MEANS FOR SOLVING THE OBJECT
[0010]

The present inventors have been earnestly studied for
solving the above objects and found that, by using a solid acid
substance and a catalyst composition containing a specific metal
as catalysts with a ketone such as acetone, an arcmatic compound
such as Dbenzene and hydrogen as starting materials, a
corresponding alkylated aromatic compound such as cumene can ke
obtained with a high yield in a single reaction step.

[0011]

That is to say, the process for producing an alkylated
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document 6: JP-A-2003-523985 Patent document 7: JP-A-2005-513116
DISCLOSURE OF THE INVENTION OBJECT OF THE INVENTION
[0009] 5The present invention aims to provide a new process for
producing an alkylated aromatic compound which can estab_llsh a methpd
industrially practical and which is for abtaining cumene by_ directly reacting
acetone, benzene and hydrogen. The present invention aims to provide a

arofEacess ferppeducing apRepahinglo astep HEW%%@gn%bO\ﬂ%Q‘@rggi%ﬁ is

performed and which does not involve any additional steps as compare
chawitbitbe copyentional eumepemsthod. reacting an aromatic compound,
& ketone and hydrogen in the presence of a solid acid substance
andiacatalystcompositioncontainingeﬂ:leastonen@talselected
from the group consisting of Co, Re, Ni and a platinumgroup metal.
[10012]

The metal is preferably at least one metal selected from
the group consisting of Co, Re, Ni, Pt and Pd, more preferably
at least one metal selected from the group consisting of Co, Re
and Ni.

[0013]

The aromatic compound is preferably benzene, and the
ketone is preferably acetone.
[0014]

The solid acid substance is preferably a zeolite compound,
more preferably a zeolite compound having 10- to 16-membered
oxygen ring pores, particularly preferably a zeolite compound
naving 10- or 12-membered oxygen ring pores.

[0015]

Specifically, the solid acid substance is preferably at
least one zeolite compound selected from the group consisting
of B zeolite, MCM~-22 zeolite, mordenite, ZSM~5 zeolite, ZSM-12

zeolite and Y type zeclite, more preferably at least one zeolite

compound selected from the group consisting of B zeclite and
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MEANS FOR SOLVING THE OBJECT 15[0010] The present
inventors have been earnestly studied for solving the above objects and
found that, by using a solid acid substance and a catalyst composition
containing a specific metal as catalyst; with a ketone such as acetone, an
aromatic compound 20 such as benzene and hydrogen as starting
materials, a corresponding alkylated aromatic compound such as cumene

McMean be«btained with a high yield in a single reaction step. [0011] 6
aromatic compound according to the present invention is characterized in

roothat it comprises reacting an aromatic compound, a ketone and hydrogen
in the presence of a solid acid substance and a catalyst composition

contairing At le n I 5. a rou I%onsisgng of Co, .
35t 0 @ﬂg@é?&@%@%;dl%ﬁ]?@wgsr& O S rran i e

Re, Ni and a platinum group metal . | metal IS 'pre?er%b

S B R O o g

Pd, more preferably at least one metal se from u

o GATRIINIE) o T, e
one %@gapcgei§@£%fg5al§¥g%etq{iée ggrgggugghs isting of Co, Re and Ni.
[0017]

Theprocessforpmoduchx}aphenolaccordingtothepresent
invention comprises:

(a) a step of converting cumene into cumene hydroperoxide
by oxidation,

(b} a step of synthesizing phenol and acetone by acid
decomposing the cumene hydroperoxide,

(c) a step of synthesizing cumene by reacting the acetone
generated in the step (b) with hydrogen and benzene, and

(d) a step of circulating the cumene obtained in the step
(c) into the step (a).

It is characterized in that the step (¢} 1s carried

out in accordance with the above process for producing an

alkylated aromatic compound.

ADVANTAGES OF THE INVENTION
[0018]

According to the process for producing an alkylated
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more preferably a zeolite compound having 10- to 16-mer_nbered oxygen
ring pores, particularly preferably a zeolite compound having 1Q- or
12-membered oxygen ring pores. [0015] 20Specifically, the solid acid
substance is preferably at least one zeolite compounq selected from_ the
group consisting of zeolite, MCM-22 ?eolite, mordenite, ZSM-5 zeol!te,
ZSM-12 zeolite and Y type zeolite, more preferably at least one zeolite

arotempeund sglected: from th@kgegouggrcg@éﬁgngj()f Ze%”te and 7 MCI\Q_kaZlated

! _n¥en [],Ol‘l, afl 4
zeolite. [00161 The catalyst composition preterably comprises a

iefr.su i least @ne metal selected from the group consisting of
aro?:%r,{g%, N[%Bg?’, allgrlgdrﬁl:%d,glrr?ocgrin pre eralﬁﬁlmtﬁréemefa?rfs 2? Fgas ona el oy an

- lected from 0 ing of Ca. Re .and Ni. [0017]  ~ The
et o o g & ool ekt & 16 EReAL FcHiGH-Scone, an

= o ) e g e e e e 1o

by oxidation, ) a step %Fsyn%e_sclizing ﬁ"ﬂa 0 ' sto of
[ C) a ste
naclRsROSOIE TRy ORI g
for‘ﬁﬁ%%%r;‘? 8%"’5}%%% Z:eL?leé %r%:dep of which the process for producing
an alkylatedaromatic compound is performed, by-produced acetone
can be reused without adding the number of step in the
conventional cumene method. Furthermore, it is an epochal
technique such that the cumene obtained by the process for
producing an alkylated aromatic compound has no problem in
quality as compared with cumene obtained from propylene or

isopropanol and benzene. It the process can advantageously

produce phencl from the viewpoints of process and economy.

PREFERRED EMBODIMENTS CF THE INVENTION
[0019]

The process for producing an alkylated aromatic compound
according to the present invention is characterized in that it
comprise reacting an aromatic compound, & ketone and hydrogen
in the presence of a solid acid substance and a catalyst
composition comprising at least onemetal selected from the group
consisting of Co, Re, Ni and a platinum group metal.

[0020]
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(d) a step of circulating the cumene obtained in the step (c) into the step
(a). It is characterized in that the step (c) is carried  out in accordance
with the above process for producing an 20 alkylated aromatic compound.
ADVANTAGES OF THE INVENTION§0018] 8 aromatic compound of the
present invention, an alkylated aromatic compound such as cumene can
be obtained by an industrially practical method with a ketone such as

acetone; @0 gramatic.compoynd such @éé)%&ﬁ%@%ﬁ%‘?{@ge&%e solid
r

starting 5 materials in a single reaction step. Further, in the procéss for

aci@“B&EHEE%@@eQQUn@H@eﬁéig@ﬂéén%§qg%§ﬁf85'0 uc@gégﬁaﬁfition

kylated aromatic compound is performed, by-produce Acétone

shoteupeskwithaut %qg:-\ng }tz%qsgu TQ ef) 9 fr%tggﬁrj éhrelco nvoe ij?ﬁlgﬁ%u’ér%%%? e the

method. Furthermore, it is an epochal 10 tec nlqﬂensuc

use GRtained @’1 Q}% R @.Cesﬁﬂfgoggf E’ang & I? g( glggesdc%%){:%ag% C?(r)én r§ %$g€§féa§%l vst

no problem in quality as compared with cumene obtaine

o o o 6 L PR AEBAL may

phenol from the viewpoin process an

D, TS THE INVENTION [0019 Th .f .
o A L B Ui 2L GG ShsedRp with =

producing &d aromatic compoun

invention is characterjzed in that it 20 comprise reacting an aromatic o
cen c%m@p%%%d,sé“ ﬁgtbnega%%qhya?og%%‘?ﬁ“th@aéfe&%cg vf B%blid adigand mixzed

£o1 SYbstance %ned'% caztnag sécc%m%ci)sition c@pmprisinq at least one metal
selected from the’grbup Consigiiiy of €07 Res Ni-aht & pREAGHdreEpvith a

cenggﬁg%ggpggLe. Moreover, the catalyst compesition containing
the metal may be supported on the solid acid substance acting
as an acid catalyst as a carrier. Conversely, the solid acid
substance may be supported on the catalyst composition
containing the metal as a carrier.
(00217

The solid acid substance used in the present inventicn is
& catalyst having a function as an acid and should be those being
generally called as a solid acid. Zeolite compound, silica
alumina, alumina, sulfuric acid ion~supporting zirconia
WOs—-supporting zirconia and the like can be used.
[0022]

The zeolite compound, which is an inorganic crystalline
porous compound mainly constituted by silicon and aluminum, is

a sultable alkylation catalyst from the viewpoint of heat

resistance and selectivity of an aimed alkylated aromatic
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9 In the present invention, the two components of the solid acid
substance and the metal-containing catalyst composition should be used
and there is particularly no limitation on the use method thereof. The solid
acid substance as an acid catalyst com onent and the catalyst
composition containing the metal may e mixed physically in a level of
catalytic particles with a centimeter size. Both of them may be pulverized

comﬁ@@ﬂaxedﬂom%giQe%rf?p@dc%}%{%%?@%gsp %’%%gfbg\{#r?gaon an
e

centimeter size. Moreover, the catalyst composition containi

aromgtalimayhe supported.on the solid.acid su }%{Ji‘%s acling as,an %%qecular

catalyst as a carrier. Conversely, the solid acli ance may be

di asEPRArted-on the atalyst compasitign containing the metal as a carrier.
[0021] 15The solid acid substance use%%ﬁ?ﬁgﬁﬁ%és%%?%%ﬁt%n Is a
[0 o atalyst having a function as an acid and should be those being generally

called as a solid acid. Zeolite compound, silica alumina, alumina, sulfuric
acid-op-supporting zirconia W03-suppotting zirconia and the like can be
used. 20[002%* Q’Th%%fe%lit%uc%?ﬁ‘p?guﬁé, WHIER 7 &5 indrgafie alkylated

am&%{acl!iré%gorousdg%mpound m%igly constituted by silicon and aluminum,

iS"a suitable alkylation catalyst from the ViewbGift SfrEst réSistaiteiy and

ectivity of an aimed alkylated aromatic 10 compound. A suitable zeolite
aceéglr}fzpo%nda Varies degending oAt g]%]ﬁ?ftﬁ: E6MPBEng (et ds 4 rawpound
hav{glateri%gn% thglgolecular diameter of an aimed alkylated aromatic

pound. 160231 BEOPRRAMDIe CURER Cufend ifpreparediSasdr zeolite

aCI)k II{';(\:}ed aromatic compound by using benzene as an aromatic compound

Com o . .
B Scetone as a ketone, it is preferred to use a zeolite compound having

{002149]' to 16-membered oxygen ring pores as the zeolite compound.

Examples of the zeolite compound having 10~ to 1l6-membered
oxygen ring pores include ferrierite, heulandite, Z5M~5 zeclite,
Z5M-11 zeolite, ZSM~12 zeclite, NU-87 zeolite, theta 1 zeolite,
weinebeneite, X type zeolite, Y type zeolite, USY type zeclite,
mordenite, de-aluminized mordenite, f-zeclite, MCM-22 zeclite,
MCM-36 zeolite, MCM~56 zeolite, gmelinite, offretite, cloverite,
VPI-5 zecolite and UTD-1 zeolite.

[0025]

Of these zeclite compounds, those having pores similar to
the molecular diameter of cumene are preferable. It is more
preferred to use zeolite compounds having 10- or 1l2-membered
oxygen ring pores. Examples of the zeolite compounds having 10-
or lZ-membered oxygen ring pores include Y type zeolite, USY type

zeolite, mordenite, de-aluminized mordenite, B-zeclite, MCM-22
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10[0024] Examples of the zeolite compound having 10- to
16-membered oxygen ring pores include ferrierite, heulandite, ZSM-5
zeolite, ZSM-11 zeolite, ZSM-12 zeolite, NU-87 zeolite, theta 1 zeolite,
weinebeneite, X type zeolite, Y type zeolite, USY type zeolite, 15
mordenite, de-aluminized mordenite, %]-zeolite, MCM-22 zeolite, MCM-36
zeolite, MCM-56 zeolite, gmelinite, offretite, cloverite, VPI-5 zeolite and
zeo Ty, z6@iie dpOZRL L hepe 26ita SOMRAUNYE. (NoR8 NALNADOIES. s e
similar to 20 the molecular diameter of cumene are preferable. If'is more )
ta- ite compounds having 10- or 12-membered gxygen.
B DO, EAambies of (iale thrasauiids ABURGTOL by« Bofeetice,
1 0X in res include Y typ ze(’)\%t l_J[fYt e.zeolite,
e mgo%gzgi%f%%élu%r%%%%%grﬁgfdzn%,Lg-zze@o i)%el%\ﬁc g% Zze%%)?el,lte and ¥

- MEM-p6 zealite, ZSM-12 zeolite and ZSM-5 zeolite. Among them, from

P the%/{:)ev&péel nt of cumet n%rsﬁeed’[ﬁ/ﬁg,’ (398 dhe MeMEEEb e mbrdefite, L te

are ﬁ%g@z&?f eMZé?MJZfzeolite and Y type zeolite are more preferred, and
-zeolijt"e ang MCME22 zgglﬁg%"are particularly preferred. [0026]

;Oaﬂ'gﬁacomposition ratioofsilicon to aluminum (silicon/aluminum) in these

- zeolite compounds should be in the range of 2/1 to 200/1, and from the

vie\%%oint o&a%iv(i)tg agd 10 heat stability, it is preferably in the range of 5/1
1. Firthermore, it1s alsb PosSible tfuse $0:cai@Y isorhBrphigaliyminum

tol
(s ygg%t#gzpuzeolite oregrg)ounds obtainable by substituting aluminum atom
~ coRtained in the 2 SkSIBESh With airhEtdl GIRSTHRER afhfitinbsuch the

as Ga, Ti, Fe, Mn or B. 15[0027
range 3¢ E/E torb%O/l, %nd %rom the viewpoint of activity and

heat stability, it is preferably in the range of 53/1 to 100/1.
Furthermore,it;hsalsopossibleix>useso~calledisomorphically
substituted zeolite compounds obtainable by substituting
aluminum atom contained in the zeolite skeleton with a metal
other than aluminum, such as Ga, Ti, Fe, Mn or B.

[0027]

The solid acid substance has a shape which is not
particularly limited and may have any one of spherical,
cylindrical, extruded and pulverized shapes., Further, a
particle size of it may be selected from the range of 0.01 mm
to 100 mm depending on the size of a reactor.

(00287

The solid acid substance may be used singly and twec or more

kinds thereof may be used.

[0029]
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The solid acid substance has a shape which is not particularly limited and
may have any one of spherical, cylindrical, extruded and pulverized
shapes. Further, a particle size of it may be selected from the range of
0.01 mm 20 to 100 mm depending on.the size of a reactor. [0028]

The solid acid substance may be used singly and two or more kinds
thereof may be used. [0029] 12 The metal-containing catalyst

compesitiag tised 4 the: present inkentionds a catglyst composition ;.\ 110

containing at least one metal selected from the group consisting of Co,

preRe; Niangdn platinum greup mefals, preferably.atlgast.gne E'he;?%'g at least

selected 5 from the group consisting of Co, Re, N, Pt and Pd,mor

one preferably :atdeastone-metalselectsd from, the; aroup consisting %fﬁcomﬁeand
and Ni. [0030] Mention maybe made of those Containing at 1éast

plaengunetahl0selected from thegroup consisting, of Co, Re, Ni and gelected

platinum group metals as it is, and those containing at least one su

frometal as-a.mpetal.compound, as the 'ﬁ‘@t,a!ﬁ%o” i”é%cg‘éa}g\?t Comp%té%nébl
Examp%%s are a metal oxide such as Coo, CD203; Re02Z, e%%ﬂ\lﬂ ) ¥

at 1%%%@%%%@895”%%1%%&% %4%@%%.%ngguc?§>0%%%’sisting of Co, Re

and Ni.

[0030]

Mention may be made of those containing at least one metal
selected from the group(consisting of Co, Re, Ni and platinum
group metals as it is, and those containing at least one such
metal as a metal compound, as the metal-containing catalyst
composition. Examplesaxeaametaloxidesﬂxﬂ1asCoO,Ckn03,Reob
Re;07, NiG, PdO, Rhy03; and Ru0,; a metal chloride such as CoCls,
ReCl;, NiClz, PdCl,, RhCl; and RuCl;; and those containing in a
cluster metal form such as Ru-Rh or Ru-Pt.

[0031)

Other examples incliude cobalt(II) nitrate, cobalt(II)
acetate, cobalt{II) sulfate, cobalt (II) sulfide, diammonium
cobalt(II)sulfate,cobalthydroxide,cobalt(lz)bromide,basic
cobalt (IT1) carbonate, ccbalt hexammine chleoride, cobalt (I}
phosphate, cobalt sponge, cobalt powder, Raney cobalt,
cobalt (I1) benzcate, cobalt naphthenate, sodium

hexanitrocobaltate (III), chlorophthalocyaninato cobalt (II),
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15ReC13, NiC12, PdC12, RhCI3 and RuC13; and those containing in a
cluster metal form such as Ru-Rh or Ru-Pt. [0031] Other examples
include cobalt(ll) nitrate, cobalt (1) acetate, cobalt(ll) sulfate, cobalt(ll)
sulfide, diammonium 20cobalt (I1) sulfate, cobalt hydroxide, cobalt (1)
bromide, basic cobalt (II) carbonate, cobalt hexammine chloride, cobalt (I1)
phosphate, cobalt sponge, cobalt powder, Raney cobalt,

tet cobal(i)hsnzeate; eokaltpaphthepate,sodium 13 cobalt (II),
tetra-t-butylphthalocyaninatocobalt (11),

t et tetraxaminechioroppthatocyanipatocobali(ll), cobalt (IT},
tetra-carboxyphthalocyaninatocobalt (I1),

tet 2:3,¢8: 13137 8roetaethylparphyrina ocobalt(ll), F(TT) )

cobalt(ll)2-ethylhexanoate, 5,10,15,20-tetraphenylporphyrinato cobalt(ll),
2, 3 £obali(ll) gluconate; sodiup dieyanan(phthalocyaninato) cobalt@l), ., 11,

dibromo-bis(triphenylphosphine) cobalt and cobalt(ll) stearate.
cobalt (1) Z2-ethylhexanocate,
5,10,15,20~tetrapheny1porphyrinato cebhbalt (IT1), cobalt{IT)
gluconate, sodium dicyanao(phthalocyaninato) cobaltc (111},
dibromo-bis (triphenylphosphine) cobalt and cobalt (I1)
stearate.
[0032]

The catalyst compositicn containing at least one metal
selected from the group consisting of Co, Re, Ni and platinum
group metals is used in the present invention. Furthermore, it
is preferable that the metal is at least one metal selected from
the group consisting of Co, Re, Ni, Pt and Pd because the
by~production of alkene is decreased in producing an alkylated
arocmatic compound. That 1s to say, in producing cumene by
reacting benzene, acetone and hydrogen, hydrocarbons such as
propane are occasionally by-produced. However, the use of the
catalyst composition containing at least cne metal selected from
the group consisting of Co, Re, Ni, Pt and Pd decreases the
by-production of hydrocarbons such as propane.

[0033]

The metal is preferably at least one metal selected from
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10[0032] The catalyst composition containing at least one metal
selected from the group consisting of Co, Re, Ni and platinum group
metals is used in the present invenfion. Furthermore, it is preferable that
the metal is at least one metal selected from 15 the group consisting of
Co, Re, Ni, Pt and Pd because the bylﬁroduction of alkene is decreased
in producing an alkylated aromatic compound. That is to say, in producing

theCYMEREe by Feacting henzene, acetone, g&&@ih%dé 0gen. hydro Cﬁ‘%tt’—%‘rsfs 0 son

as propane are occasionally by-produced. However, the use 0

of cajalystcomposition containing atleast ope m;%agl @S'c:efrtled f%%rg thfaeﬂ@ Pied

consisting of Co, Re, Ni, Pt and Pd decreases y-production o
aroRydrocarhons such as-propane. [0033] 14 the group consisting of Co, Re
and Ni bec?a%%se the by-produjé%o[ﬁoofS ciy%ﬁc o?e%ir?sxl‘%pmcpeqc?éag % roexane 1is
occRtoducing the alk aromatic compound. That is tq say, for example,
C(:yclohexaég is§l ol%{cgi‘%liglnc:aeﬁ?/E 5&-&%%%@5& iPprodiciiy (:\Or%%ﬁgtbjynr%gﬁméenef
benzene, 5.acetone and hydrogen. However, use of the catalyst L
ee composit?gn?%%ﬁnng at eoawsefqéﬁjé 'metal soeieésl}éﬁ frémihe Yrogprposition
asisting of Co, Re and Ni decreases the by-production of cyclohexane.
o R o poSSCS AN A IBASE L HEBT 10" no
of églec ed fggr{y e group consisting of Co, Re, Ni and a platinum group
métal is not particularlyiitiited as [Bhgas I haS Eapasify 6fhyarbgenatny e -
00 arbonyl functional group to alcohol. So-called hydrogenation catalysts

which are commercially available can be used as they are, and those 15

supf)orted on various carriers and the like are available in the market.
he catalyst composition containing at least one metal

selected from the group consisting of Co, Re, Ni and a platinum
group metal is not particularly limited as long as it has
capability of hydrogenating a carbonyl functional group to
alcohol. So~called hydrogenation catalysts which are
commercially available can be used as they are, and those
supported on various carriers and the like are available in the
market,

[0035]

As the carrier, for example, silica, alumina, silica
alumina, titania, magnesia, silica magnesia, zirconia, carbon,
acid clay and diatomaceous earth can be used. Among tThem, it
is preferred to select at least one of silica, alumina, silica
alumina, titania, magnesia, silica magnesla, zirconia and
carbon.

[003¢]
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[0035] As the carrier, for example, silica, alumina, silica alumina,
titania, magnesia, silica magnesia, zirconia, carbon, 20 acid clay and
diatomaceous earth can be used. Among them, it is preferred to select at
least one of silica, alumina, silica alumina, titania, magnesia, silica
magnesia, zirconia and carbon. [0036]] °15 Examples of the
commercially available catalyst compositions include Co on alumina
catalysty &9 on siliga catalyst, Ca on.carben lyst, 5% rbon
catalyst, g% Re alumina catalyst, nicgon s%%g aluﬁﬁé Eéég?a f/ast, 505 E%lySt
comGatbon; 5 catalyst, Linglar catalyst (ghtainable b dqiS% b to.Pd carbon
catalyst), 5% Pt carbon catalyst, 0.5% Pt snueilfidga%caér onEéatgi)(?st,og% Rht o2
catAunipa catalyst and 5% Ry ina,catalyst, It is also possible fo use _
thLég%a obtainable by varying %éé ?Jp%%ﬂe% ar%guﬁtat%%l%o Or 0 5% i these £©
a1ufatalysts, it s preferable that 10 at least one metal selected from the .
" group consfgfngrgt "ofn(’l‘(g:ﬁslei and N’lt'}sl con z;\leren&?r%ﬁ]Efﬁg i/s‘lé%oi%f gtdearon
+ Yield of an.aimed compouynd. [0037] _ . Tl—gjese catalyst compositions
=@ cf%ta?ﬁi?\gﬁg%gteﬁ ‘—jrr?aiiyE & tl[Spl%éloa difighy ah ¥vv%do°’]ﬁ¥8rg Rifds THefdotoon
a used, [0038] Furthermore, when ametal salt such as PhSO4,
Cat?r‘—aegsltgzgoFSn °12,“§n SIRA Hbtal 6 &rt Aikali metal salf Suchids k¥ Nacarbon
Cata%ss 4 qr the like is added to these catalyst compositions containing 20
the metal, the atavity At the Sefbetivity Are iniprGvediihifceftam case: It

. Ihese can .lg) added in accordance with the necessity.
1s alsopossible to use those obtainable by varying the supported

amount to 1% or 0.5%. In these catalysts, it is preferable that
at least one metal selected from the group consisting'of Co, Re
and N1 is contained from the viewpoint of the vield of an aimed
compound,
[0037]
These catalyst compesitions containing the metal may be
used singly and two or more kinds therecof may be used.
[0038]
Furthermore,wheneametalsaltsuchas5%804,FeClgorSnClh
an alkali metal or an alkali metal salt such as K or Na, BaSQ0,
or the like is added to these catalyst compositions containing
the metal, the activity and the selectivity are improved in a
certain case. These can be added in accordance with the
necessity.
[0039]

The catalyst composition containing the metal has a shape
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[0039] 16 which is not particularly limited and may have any one of
spherical, cylindrical, extruded and pulverized shapes. Further, a particle
size of it may be selected from the range of 0.01 mm to 100 mm
depending on the size of a reactor. 5[0040] These catalyst
compositions containing the metal maﬁ)e supported on the
above-described solid acid substance. Specifically, it can be supported on

. solid acid substance by a.method of impregnating the solid acid

Whlg‘lﬁ)s’?a%]cg%v?th%afg fi r%l?eg 594’%0%%“5"%%%%& %% tlgfgéf ofé Wet@y one of
from the group consisting.of Co, Re, Ni and a platinum group

Sphg’?§ gg’ ?\ﬁ_l%&ﬂ; 6d o?gt?metﬂes@ﬁﬁo apéb]rffﬁéiﬁﬁﬁde&hape&

metal and calcining, a me making
Fur g'géan %rgagi:cf:tryglgguleiwhich is called as a ligand in order to make them

Soluble ih an organic solvétit, ddihg tHEM t8he Drgaric 15 soRientis range
o Rreparea sglutifg and tg:n impregnating the solid acid substance with

the solltion f%llowgdr%g/ CATERMG & ThetRod BF ddsitint dde fRMEECT -

[OD% e of the complexes vaporize in a vacuum. Moreover, in preparing the

solid acid substance from the 20 corresponding metal salt, it is possible to
employ a coprecipitation method where carrier synthesis and support of
the E?é?ﬁ%o%?ﬁﬂ%&tﬁ%?@ﬁﬁﬁdﬁﬁ@n af&Simimtangolidly cafriedlomry be
by coexisting of a salt of at least one metal selected from the group

SUPREAdi&hg 6FCo,1RE, NP&RY & piititamigetp methid  acid  substance.

Specifically, it can be supported on the solid acid substance
by a method of impregnating the solid acid substance with a
nitrate agueocus solution of at least one metal selected from the
group consisting of Co, Re, Ni and a platinum group metal and
calcining, a method of making these into a complex bonded with
an organic molecule which is called as a ligand in order to make
them soluble in an organic solvent, adding them to the organic
solvent to prepare a solution, and then impregnating the solid
acidsubstancewiththesolutionfollowedbycalcining, amethecd
of depositing due to that some of the complexes vaporize in a
vacuum.

Moreover, in preparing the solid acid substance from the
corresponding metal salt, it is possible to employ a
coprecipitation method where carrier synthesis and support of
the metal-containing catalyst composition are simultanecusly
carriedout by coexisting of a salt of at least one metal selected

from the group consisting of Co, Re, Ni and a platinum group metal



93]

10

15

20

which is to be a hydrogenation catalyst. [0041] In the present 3
invention, compounds having 6 to 20 carbon atoms can pe exemplified as
examples of the aromatic compound, For example, they |nc‘lude bgnzene
homologues such as benzene, toluene and xylene, and their substituent
derivatives; and naphthalene homologu7es such as naphthalene and
methyl naphthalene, and their substituent derivatives. Examples of ketone

whidke eampounds Qa\ﬂ'g% 349.20.carbon %%C;{%%i ang those 10 symmetric and

asymmetric can be used. "Examples of the gr%lsjp ‘bonding to a carbonyl

ro¢@group include an alkyl group and an aryl group. Specifically,
mentionmaybe made of acetone, methylethyl ketone, acetophenone and

the like hese, the reaction for producing cumene by using
benglgng[%%%\%éagr%%n%aﬁ?l goerﬁb”é"l?r?d aﬁg%gt%lﬁgsagwélﬁ]&oﬁet@ 20 carbon
at oindustrially most imeolr%ant. In_this case, the molar ratio of benzene to
ceto

Zehe ln(:’é(jl iSpretérabyt fo2d> Whef itis WWer-tharhae und.

acetone (benzenerace e "
r the productions of diisopropyl 20 benzene anc t 'isopropyl benzene
ror a%%%%? tlo%ﬁe%r?}c?gaé"éqdc. #11 e %F‘o %ggﬁf QOHRRRIYiIRD A behzERE Zene,
and triisgpc{oeyl benzene can be returned to cumene by trans-alkylation
R Howsver, 1

tolde RE trh& Aiky 1566 S UndtbhorfR B Bédasethe and

Wltrrllebenzene.

i erature is high, and when the amounts of
ﬂapﬁ%%§§gggmphomologué% such as naphthalene and methyl

naphthalene, and their substituent derivatives. Examples of
ketone are compounds having 3 to 20 carbon atoms, and those
symmetric and asymmetric can be used.

Examples of the group bonding to a carbonyl group include an
alkyl group and an aryl group. Specifically, mention may be made
of acetone, methylethyl ketone, acetophencne and the like.
r0c42]

Of these, the reaction for producing cumene by using
benzene as the aromatic compound and acetone as the ketone is
industrially most important. In this case, the molar ratio of
benzenefx>acetone(benzene/acetone)is;meferably]ntQZO. When
it is lower than that range, the productions of diisopropyl
benzene and triisopropyl benzene are apt to be increased. In
the process of cumene, diiscpropyl benzene and triisopropyl
benzene can be returned to cumene by trans-alkylation with
benzene. However, the trans~alkylation is uneconomical because

the reaction temperature is high, and when the amounts of
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18 diisopropyl benzene and triisopropyl benzene are too large, the steam
cost is increased. While, when it is over the above range, it is
uneconomical because a distillation column is loaded in recovering the
excess benzene in the post step of thegreactor. 5[0043] The reaction
of the aromatic compound and ketone according to the present invention
is characterized by being carryied out in the presence of hydrogen. The
diidhydrogenlused hereinanay heid Bygrogen DasHn a-melecuerstiate Qh-ge, the
hydrocarbon such as 10 cyclohexane which generates hydrogen in the
steamaction candiiorsAben acetone,dhenzene andihydragen are £%%Q;@dr%e ,
hydrogen should be equimolecular or larger than acetone in principle.
it irommtheoviewpeint ofkecovedng withssepaiation, the preferable rangedis 4 ;
to 10 times mole, more preferably 1 to 5 times mole 15 based on acetone.
recdVBen iidsdesired thatdhegonved ratio.of acgtone he depressed o, 100%. .,
or less, it can be met by decreasing the amount of hydrogen used from 1
[004imme mole. Furthermore, hydrogen for feeding in the reaction of the
present invention is reacted with oxygen atom of acetone to be made into
watef,20and-canbe faken Quifogetherwith cumene fromthe outlet of .
the reactor. Moreover, hydrogen in an amount more than or equal 16 the
o coaupRleRtamaRY Nl agetopeinol used essenialiyas lond.as. s oy o
undesirable side reaction does ﬁot procee .%O%ﬂf’%éjem%v%gﬁrymd out
in «drogen gasis added to the reaction, it is generally fed continugusly.
How%ver, it is not pa?t%ulgrlgﬁmite%?s m tro%gelmﬁs}“bsogggﬁ]ée f:oeelrrﬁpffb?y pe
a hyAtermittent feeding tQaEn%tth%?f inping af the reaction, hydrogen is
3}adde@(éi, and then the hydrogen egding ?%Cgtosgeaa dcl?ﬁ’r%}grt %arlé%%ﬁlonsgﬁ@ as
e 1%@?&%%%”9}‘{“%3 hyldrlgggn is.fed again. Further irg_the liquid phase, .
¥ reaction, hydr%genggeasemay be 8%%glvg3 i %nsg?\l/%n‘t %%8‘%%8%&88%&%0“-
whernndhe recycle pro Ce8S hydro n gas recovered together with light boiling
enfractions from %ﬁe&%%ﬁoﬁ aat%cvgeerrxy%q:ogen are r%acted, tlk(i]e hyvdrdgen

should be equimolecular or larger than acetone in principle.
Fromtﬁueviewpoint<Ifrecoveringiniuzseparation,%juapreferable
range is 1 to 10 times mole, more preferably 1 to 5 times mole
based on acetone. When it is desired that the convert ratio of
acetone be depressed to 100% or less, it can be met by decreasing
the amount of hydrogen used from 1 time mole. Furthermore,
hydrogen for feeding in the reaction of the present invention
is reacted with oxygen atom of acetone to be made into water,
and can be taken out together with cumene from the cutlet of the
reactor. Moreover, hydrogen in an amount more than or egqual to
the equivalent amount with acetone is not used essentially as
long as undesirable side reaction does not proceed,

[(0044]
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may be fed. In general, the pressure of hydrogen to be added is the same
as the pressure of the reactor, but it may be properly changed according

to the method for feeding hydrogen. [0045] In carrying out the
present reaction, the methods and 15 conditions thereof do not particularly

have limitations. For example, it is posdsible to employ the following
conditions and methods. [0046] The contact of acetone, benzene

O B R e P hahD o 1y

e,
one of gas-liquia counter current ana gas-liqui

liquid- irection of liguid descending - gas ascending, liquid ascending_
fed-%%lgtgﬁé%ﬁ iﬁg,'liq&:??fugea%e&celﬁ“diﬁg A dtna&ija-tg]a%”g@&%}ﬁd}rﬁ&?lﬁ@d tnis

0047] .. Although the,reaction temperature is also not&pqrticul‘?rly
et hr%ﬁléd in the “lbrgg%ns‘t%vleenﬁco% , eimgsg%fejrgﬁﬁ iftheTange sisooBdoEt at

are preferably 60 to 200C. In general, the 5 pressure range for carrying )
e ot 0.1 1 SO0 int Fhord BIETGIaBI 0.8 (6 HD st ORBFA he

Furthern%%rgathe catalyst amount used in carr)l{éing out the present

By e ot i ot particulaty WRitsd, FoF eRdmpleeinteaction and after a

certain time, hydrogen is fed again. Further, in the liguid
phase reaction, hydrogen gas may be dissclved in a solvent and
fed. Moreover, in the recycle process, hydrogen gas recovered
together with light boiling fractions from the top of a tower
may be fed. In genesral, the pressure of hydregen to be added
is the same as the pressure of the reactor, but it may be properly
changed according to the method for feeding hydrogen.

[0045]

in carrying out the present reaction, the methods and
conditions thereof do not particularly have limitations. For
example, it is possible to employ the following conditions and
methods.

[0046]

The contact of acetone, benzene and hydrogen gas which are
reaction raw materials is conducted in any one of gas-liquid
counter current and gas-liquid parallel current, 1in any one
liguid-gas direction of liguid descending - gas ascending,
liguid ascending ~ gas descending, liguid-gas ascending and

liquid~gas descending.
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10 the reaction using a fixed bed flow reactor, the catalyst amount, as
represented by a value determined by dividing the feeding amount
(weight) of raw materials (ketone + aromatic compound) per hour by the
weight of catalyst, namely WHSYV, is preferably in the range o_f 0.1to 200_
/h, more preferably 0.2 to 100/h. 15[0049] The weight ratio of the solid
acid substance to the catalyst compositioncontainingat least one metal

[ 00s@lected from the group consisting of Co, Re, Ni and a_platinum group
metal is not particularly limited. In general, the solid acid substance : 20

the metal-coptaining.catalyst-¢o iéiQQﬁmgewfngt_Lr_ ig) is JF& 90110 11arly
: 100, preferably 1 : 0.05to 1 : 50. he_n the weight ratio of so I acid _

11 substange:is dog small, it is not econgmical bffs‘aiﬁg%% %%%Ql?‘g :\)9‘5‘?6{‘ [gacton e
is not sufficiently carried out to decrease the yield of the alkylate

of 8tomalia GEbeomReLRd Sigh 89 SHIPNG, MoteoNI-when e WELIRlO. 1

of the solid acid substance is too large, it is also not economicél bec

pre é@i‘é‘éﬂvﬂﬁi@@ r@&%of:%‘ﬁl%%lf %%Q:re?%eg: JOQ%Q]a%Q th% pgoc*'essEif %ﬁ} g2 tm,

producing the alkylated aromatic compound of the present inveritfon:

onsil after.a ket is hydrogenated to generate alcohol by the
mor?ur?gi%%%%?ﬁnet%él?coﬁgta?gﬁg A g)"/st composition, the alcohol and the

r 0o &9matic compound are alkylated by the function of the_ solid acid 10
substance and thereby made into the alkylated aromatic compound. That

IS tg-say,,it.is_considered that hydrogenation and alkylation take place step
by (s%g%%r%{ %h%mgr%%bc%ﬁgﬁ p?r%tcﬁ:g)s% ggthaen}?rlé%nf%@ miBn~fd05131e cut the

present invention is not particularly limited. For example, in
the reaction using a fixed bed flow reactor, the catalyst amount,
as represented by a value determined by dividing the feeding
amount (weight) of raw materials {ketone + aromatic compound)
per hour by the weight of catalyst, namely WHSV, is preferably
in the range of 0.1 to 200 /h, more preferably 0.2 to 100/h.
[0049]

The weight ratio of the solidacid substance to the catalyst
composition containing at least onemetal selected from the group
consisting of Co, Re, Ni and a platinum group metal is not
particularly limited. 1In general, the solid acid substance
the metal-containing catalyst composition (the weight ratio) is
1 : 0.01 to 1 : 100, preferably 1 : 0.05 to 1 : 50. When the
welght ratio of solid acid substance is oo small, it is not
economical because the alkylation reaction is not sufficiently

carried out to decrease the vield of the alkylated aromatic
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15When the fixed bed reaction is employed for the reaction form of the
present invention, the filling method of the solid acid substance and.the
metal-containing catalyst composition occasionally affects the reac.t|on
result largely. As described above, it is considered t_hat hy_drogenatlon and
alkylation take 20 place step by step iA the present invention. There_fore,
filling of catalyst seeds proper for each step of the reaction in order is a

referable filling method from the viewpoints that the catalyst is used
comefﬁél?éﬁtﬁ/ufnkd aug%ci:e%rﬁ%%‘sidbégrergé’% Sard Ghirbifed 290053 1o 94 the

' i ssure or the temperature is increased in
s Oig%rtlcular Wh%n %henrgydrgt%;% ge e temp

7 o hCToRse fe RE BReurténceioftrie Shableesigeomical

. e
order to incréase the Tea
reactiogiwhich are not found 5 at a low hydrogen pressure or at a low

C e

pece e Son temparatiire’is COmMMGT i derfsalcHEmitsl rdastcisStich a
%ﬁe has a possibility that the method of filling the catalyst largely affects
[Uagne reaction results. [0053]

In the process for producing the alkylated aromatic
compound of the present invention, it is considered that after
a ketone is hydrogenated to generate alcohol by the function of
the metal~containing catalyst composition, the alcohol and the
aromatic compound are alkylated by the function of the solid acid
substance and thereby made into the alkylated aromatic compound.
That 1s to say, it is considered that hydrogenation and
alkylation take place step by step in the production process of
the present invention.

(0051}

When the fixed bed reaction is employed for the reaction
form of the present invention, the £illing method of the solid
acid substance and the metal-containing catalyst composition
occasionally affects the reaction result largely. As described
above, it is considered that hydrogenation and alkylation take
place step by step in the present invention. Therefore, filling
of catalyst seeds proper for each step of the reaction in order
is a preferable filling method from the viewpoints that the
catalyst is used efficiently and undesirable side reactions are

controlled,
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10Examples of the method of filling the catalyst seeds proper f_o_r each
step of the reaction in order are as follows: (1) A method of mixing the
solid acid substance and the metal-containing catalyst composition, and
filling them.  (2) A method of filling h that a layer of t_he
metal-containing 15catalyst composition (upper-stream side) and a layer
of the solid acid substance (lower-stream side) are formed. (3) A method
[ 0o®gEfilling the solid acid substance on which the mgtal-containing catalyst
composition is supported. (4) A method of filling such that a layer of

the metabeoniaining20catalystcompesitioy (uppersiream sidel and &,
layer of the solid acid substance and the metal-contalnlﬁg catalys

temSOMPOsition dowerstream;side) are formed. | c@)eésrgegk]aoed 2 efa gl{_!:lgg o0 Cp ate,

that a layer of the metal-containing catalyst composition (Uppéer-stream

the %@%%%ﬁé_@%@&%%‘l”ﬁa%?e@%@&gbz?é%”ccte'%” ‘é"m%r}ﬂke are : und

metal-containing catalyst composition is supportled?lower-scfreqm slﬁ%f aré
at Joﬁ@ﬁdhﬁ@f’éé‘%‘?}thﬁgeoggiﬂpg %H:Cha@aé al'%%ﬂeﬁ:%g?% isc?rlldtaecrlndpe rature is
common in general chemical reactions. Such a case has a
possibility that the method of filling the catalyst largely
affects the reaction results.
{0053]

Examples of the method of filling the catalyst seeds proper

for each step of the reaction in order are as follows:
(1) A method of mixing the solid acid substance and the
metal-containing catalyst composition, and filling them.
(2) Amethod of filling such that a layer of the metal~containing
catalyst composition (upper-stream side) and a layer of the solid
acid substance (lower~stream side) are formed.
(3) A method of filling the sclid acid substance on which the
metal-containing catalyst composition is supported.
(4) Amethod of £illing such that a layer of the metal-containing
catalyst composition (upper-stream side) and a layer of the solid
acid substance and the metal-containing catalyst composition
(lower-stream side) are formed.
{5} Amethod of filling such that a layer of the metal-containing

catalyst composition {(upper-stream side) and a layer of the solid



1C

15

20

substance and the metal-containing catalyst composition 5(upper-stream
side) and a layer of the solid acid substance (lower-stream side) are
formed. (7) A method of filling such that a layer of the solid acid
substance on which the metal-containing catalyst composition is
supported (upper-stream side) and a kyer of the solid acid 10 substance
(lower-stream side) are formed. The upper-stream side is an inlet side of
- the reactor, namely, it represents a |ayer that the raw materials pass
am%ro%@%ﬁ%ﬁg first halt of ?ﬁ%élr(g%lc on: The et sient &iteiean ofifiée Lyst
. ide .of the reactor, namely, it represents a layer which is passed through
wmégﬁ%hleolgstl falfof the l?téygétfoﬁwg‘fﬁﬁﬁ tre 3 eSedRtiont EthEPrEsEnt
(6) ir}yerrrllté n may bg carrjed out in a diluting condition by adding a solvent or
77 gas inert 16 the catalyst and the' feachion Agénts 6 thé fedetibn sydtéth, acid
Subgggoggg] he reaction of the present- invention can be carried out in .
any one méthod of BatchH1§pHE, SermitiateR fjpe arePésntintibus Hemagpe tion
o methods. It can be carried out in any one form of liquid 24 filling the
PR&falyst iERThossibfe todifipdy YaNcus methods saeh ad fixed bed fivid ance
1 bed, suspension bed and tray fixed bed, and there is no trouble in carrying
(S OWEE With 2R§ &thod. [0B58] BMEEFing out the present invention, the

solid acid o
A method of f£illing such that a layer of the solid acid

substancecn1which'thenmtalmcontaining'catalyst composition is
suppoerted (upper-stream side) and a layer of the solid acid
substance (lower-stream side) are formed. The upper-stream
side is an inlet side of the reactor, namely, it represents a
layer that the raw materials pass through in the first half of
the reaction. The lower-stream side is an outlet side of the
reactor, namely, it represents a layer which is passed through
in the last half of the reaction.

[0054]

The reaction of the present invention may be carried out
in a diluting condition by adding a solvent or gas inert to the
catalyst and the reaction agents into the reaction system.
[G055]

The reaction of the present invention can be carried out
in any one method of batch type, semi-batch type and continuous
flow type methods. It canbe carriedout in any one form of liguid

phase, gas phase, and gas~-liguid mixed phase. As the method of



10

15

20

substance and the metal-containing composition are preferably
dehydrated-by known methods, In the case of the fixed bed reaction
method, the reactor is filled with the solid acid substance and the
metal-containing composition, and should be 10 kept at a temperature of
300C or higher for 10 min or more whilé passing an inert gas such as
nitrogen and helium. Furthermore, in order to exhibit the activity of the

£ 11 Metal-coniaining, ¢atalyst composition which is a g%;é?genation catalyst, it
‘gas

is possible to carrying out treatment in a hydrogen Stresin AEFHE® “hods

suchSdehydiatien gatment J0057 Wher Jne catabvstactily lowersata, |,

certain elapsed time, the activitiés of the so subs
ang Matalcontaining compaesition can be recovered by carrying out 20
reproduction with know%irﬁetﬁ%dg.aﬁ@@]ng °Thofter to kB T od-
[Oegquuction of the alkylated aromatic compound such as cumene, it is

possible to employ a merry-go-round method that two or three reactors
are et |ga2§rparallel, ar%d \élglle one reactor js working for reproduction,

the reaction Is carfied out by theTeriaiiing ohd %?MB_”Feactt , solid acid
oo SUREUTSIE, Wi e SR e e, e pussle CORTINON . ey
deh dggreca_ls the v%ilation _of the production. Moreover, when carrying out by

e ﬁw%lg{)elaﬁ‘flow [RUBtigH et or the the case of the fixed bed
reaction method, the reactor is filled with the solid acid
substance and the metal-containing compesition, and should be
kept at a temperature of 300°C or higher for 10 min or more while
passing an inert gas such as nitrogen and helium. Furthermore,
inoxder1x)exhibittheactivity<xfthen@tal—containingcatalyst
composition which is a hydrogenation catalyst, it is possible
to carrying out treatment in a hydrogen gas stream after the
dehydration treatment.
F0057]

When the catalyst activity lowers at a certain elapsed time,
the activities of the solid acid substance and the
metal-containing composition can be recovered by carrying out
reproduction with known methods.

[0058]
In order to keep the production of the alkylated aromatic

compound such as cumene, it is possible to employ a

lrerry-go-round method that two or three reactors are set in
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moving bed reaction method, it is possible to keep the activities ata
constant by taking out a part or all of the catalysts continuously_or
intermittently from the reactor and supplying 10 the correspondlng_
amount. [0059] In the above manner, cumene can be directly obtained
from by-produced acetone in the pher?ori production by the process _of
producing an alkylated aromatic compound of the present 15invention.

2rlP060], 2nThecumene thys prepared may % U““ngd asarawmateral =,

for productlon of phenol and acetone. It can be usedin a pipocess or

rea@&%'@%p%@‘}l é’H‘Qﬂﬂn% he, 1‘19II0W|n steps \%a) toéd) 20 b%/ oxgélggor&

the cumene and then decomposing, anﬁ ur er arious |mprbv8d

with
e broeaes o1 oAU an G HEq arbriatc Compaudd b ¢ co
emp PAPESSRAMBISESiAR) 2,710 O oMYl (e, CUmenS [0 Y 2 d 0 11y
to thereby decrease the variation of the production. Moreover,
when carrying out by the fluid bed flow reaction methoed or the
moving bed reaction method, it is possible to keep the activities
at a constant by taking out a part or all of the catalysts
continuously or intermittently from the reactor and supplying
the corresponding amount.

[0059]

In the above manner, cumene can be directly obtained from
by~produced acetone in the phenol production by the process of
producing an alkylated aromatic compound of the present
invention.

[006C]

The cumene thus prepared may be utilized,as-a raw material
for production of phenol and acetone. It can be used in a process
for producing phenol comprising the following steps {(a) to (d)
by oxidizing the cumene and then decomposing, and further,
various improved processes may be provided. The step {(¢) is
carried out in accordance with the above process for producing
an alkylated aromatic compound. The process comprises:

ta) a step of converting the cumene to by cxidization,
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(b) a step of synthesizing phenol and acetone by acid-decomposing_ the
cumene hydroperoxide, (c) a step of synthesizing cumene by reacting the
acetone generated in the step (b) with hydrogen and benzene, 5(d) a step

of circulating the cumene obtained inélge step (c) to t_he step (a). o
EXAMPLE The present invention is described in more d_etall with 10
reference to the examples, but the present invention is not limited by the

(b)emmngbsfﬁyﬁmmeéiHKK@k&@ﬂbQU%ﬁ%&B@@%mpﬂf%@$ﬁidecqmposing
(manufactured by NE Chemcat 15 Co.) and 2.0 g of p zeolite (classified

the intor260:t0rbQ0'd-after-compression molding at 20 MPa, manufactu_red by
Shokubai Kasai Co., Ltd.) were mixed homogenously, and then fed into a

(c) quarkrgipssreacionbawing aidiameterof 3 cm.and aleng Of’éllgecnligg% one
calcined in a nitrogen gas stream of 30 ml/minat 500C for 20 1 hr, an

gendhen subjestedrte redugtiondreqiment ina hydrogen gasstream of
likewise 30 ml/min at 500C for 1 hr. [0062] 2
(d} a step of circulating the cumene obtained in the step ()

to the step (a).

EXAMPLE

The present invention is described in more detail with
reference to the examples, but the present invention is not
limited by the examples.
Example 1
[0061]

2,0g;ofa,S%Recarboncatalyst(n@nufacturedkanEChemcat
Co.) and 2.0 g of B zeolite (classified into 250 to 500 uafter
compression molding at 20 MPa, manufactured by Shokubai Kasei
Co., Ltd.) were mixed homogenocusly, and then fed into a quartz
glass reactor having a diameter of 3 cm and a length of 40 cm
and calcined in a nitrogen gas stream of 30 ml/min at 500°C for
1 hr, and then subjected to reduction treatment in a hydrogen
gas stream of likewise 30 ml/min at 500°C for 1 hr.
[0062]

In the hydrogen gas stream, the temperature was decreased

to 160°C, and then a mixed solution of benzene and acetone
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(benzene/acetone (molar ratio) = 5/1) was passed through at a rate of
2.3m1/min. A resulting product was collected by cooling an outlet. [0063]
50ne to two hours after the reaction start, the resulting product was
analyzed by a gas chromatography. AII70f acetone was disappeared, and
cumene, m-diisopropyl benzene and ﬁ-di sopropyl benzene were
generated in amounts of 95% on the basis of the amount of acetone
(oeffkFay generlion ald cyclohexgnevas ot igund a1 all rample 2
[0064] 1.09 of a nickel on silica alumina cata.yst (manufacture .
rac Sk Ghemie g 6-06D. wabiizad pigkel supporting.amount 48.of ickel, ,
is 59%) and 1.0 g of p zeolite were mixed homogenously, and then-fe
an M@ aguartz glass reactor having a diameter of 3 cm and a length of 40
cm, and calcined in a nitrogen gas stream of 10 ml/min at 230C for 1 hr,
roo@ané then subjected to reduction treatment in a mixed gas stream of the
same nitrogen of 10 ml/min 20 and hydrogen of 0.93 ml/min at 230C for 1
hr. I thenitrogen.and hydrogen gas stream, the temperature was .
dec%ie%gtogjggo aogrlf tF_ilegng g%nii%% s%?ﬁ%%lo‘?rbe%‘g%ﬁﬁ'anﬁlgcét%ﬁéltmg
i0)= f 1.2 ml/min
mgle}:r) ratio) 5/1)(3}@{[?\5 é)assed atarate o

{
pro{%&%%z;ﬁ at?hzcé%ggte r%%\ restiltihgPprodu & EORECHEI By cdblifg @h acetone

was disappeared, and cumene, m-diisopropyl benzene and

h at a

p-diisopropyl benzene were generated in amounts of 95% on the
basis of the amount of acetone fed. The generation of
cyclohexane was not found at all.

Example 2

[0064)

1.0 gof anickel on silica alumina catalyst (manufactured
by Sud Chemie Co. G~96D, stabilized nickel, supporting amount
of nickel is 59%) and 1.0 gof B} zeclite were mixed homogenously,
and then fed into a guartz glass reactor having a diameter of
3 c¢m and a length of 40 cm, and calcined in a nitrogen gas stream
of 10 ml/min at 230°C for 1 hr, and then subjected to reduction
Creatment in a mixed gas stream of the same nitrogen of 10 ml/min
and hydrogen of 0.93 ml/min at 230°C for 1 hr. In the nitrogen
and hydrogen gas stream,tjuatemperaturenuﬁsdecreasedtx)100°C,
amdtheneamixedsolution(1fbenzenegﬂmiacetone(benzene/acetone
(molar ratio)= 5/1) was passed at a rate of 1.2 ml/min through

the reactor. A resulting product was collected by cooling an
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28 outlet. [0065] One to two hours after the reaction start, the
resulting product was analyzed by a gas chromatography.Cumene,_S
m-diisopropyl benzene and p-diisopropyl benzene were generated in
amounts of 10% on the basis of the a?r?unt of acetone fed. The
generation of cyclohexane was not folnd at all. Example 3 [0066] 10The
reaction was performed in the same manner as Example 1 except that 0.5
out %Pt sulfided carbon catalyst (manufactured by NE Chemcat Co.) was
used in place of 2.0 g of a 5% Re carbon catalyst (manufactured by NE
rog€hemcat Co.). [0067] 150ne to two hours after the reaction start, the _
resulting product was analyzed by a gas chromatography. Cumene, m-di

sopepy! benzene and i disqiopyienzene were generated ip amounts,

re
of 10%, and cyclohexane was generated in an ‘amount of 6%, on the B

pro@fithe amount gf,acefone feg).yZO gxa%’ée A’cm:omatoc_:yza:uphyw Cumene,

m~diisopropyl benzene and p-diisecpropyl benzene were generated
in amounts of 10% on the basis of the amount of acetrone fed. The
generation of cyclohexane was not found at all.

Example 3

[C066]

The reaction was performed in the same manner as Example
L except that 0.5 % Pt sulfided carbon catalyst (manufactured
by NE Chemcat Co.) was used in place of 2.0 g of a 5% Re carbon
catalyst {manufactured by NE Chemcat Co.).

[0067]

One to two hours after the reaction start, the resulting
product was analyzed by a gas chromatography. Cumene,
m-diilsopropyl benzene and p-diisopropyl benzene were generated
in amounts of 10%, and cyclohexane was generated in an amount
of 6%, on the basis of the amount of acetone fed.

Example 4
[0068]

The reaction was performed in the same manner as Example

1 except that Lindlar catalyst (obtainable by adding Pb to a Bd

carbon.catalystznanufacturedkﬁfNEiChemcai;Co.) was used in place
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[0068] The reaction was performed in the same manner as Example 1
except that Lindlar catalyst (obtainable by adding Pb tq a Pd carbon
catalyst manufactured by NE Chemcat Co.) was used in place 29 of 2.0 g
of a 5% Re carbon catalyst (manufactured by NE Chemcat Co.). [0069]
One to two hours after the reaction st r% the resulting 5 product was
analyzed by a gas chromatography. Cumene, m-diisopropyl benzene and

of p-dispprepyl benzene were generated in a%%%q}%gé%g%égn}%? ME Chemcat

cyclohexane was generated in an amount of 5%, on the basis _
co . @mount of acetone fed. Example 5 10[0070] 1.0 g of a Co on alumina

catalyst (manufactured by aid Chem e Co. G-6_2A, supporting amount of
[oceohaltis 40 - 50%) and 1.0 g of p zeolite (classified into 250 to 500_ pi after

compression molding at 20 MPa, manufactured by Shokubai Kasei Co.,

Ltd. re.mi ogengusly, and then fed intg a quartz glass
reag‘?[f)rré rg%ir?éma?( cﬁgjrr@gt%r% gec% %?1 a length-of 40 oif. and-hentfeited 179

in, anitr g tream. of 10 ml/min at 350C for 1 hr, thereafter
pro?ﬁ%jéct%%%a rg%ﬁ%ﬁ n ?r%%tr%gnt in a AYdrogen GAE SIréifi ot the sanfeton e,

_ g Mmllmi for 1 hr. 20[Q071],. . Inthe hydrogen gas stream, the N
T WBs TS e TR IR G ARG SBIBR D ere rated

: a tone (benzene/acetone (molar ratio) = 5/1) was passed
o %ﬁ%%%%%thggegﬁgf af é?%t%yo% C2 iR, ATesHfing pidditt wasn amount

of 5%, on the basis of the amount of acetone fed.
bBExample 5
[0070]

1.0 g of a Co on alumina catalyst (manufactured by Sid
Chemie Co. G-62A, supporting amount of cobalt is 40 - 50%) and
1.0 gof B zeolite (classified into 250 to 500 MWafter compression
molding at 20 MPa, manufactured by Shokubai Kasei Co., Ltd.)
were mixed homogenously, and then fed into a quartz glass reactor
having a diameter of 3 cm and a length of 40 ¢m, and then treated
inanitrogen gas streamof 10 ml/min at 250°C for 1 hr, thereafter
subjected to reduction treatment in a hydrogen gas stream of the
same 10 ml/min at 350°C for 1 hr.

[0071]

In the hydrogen gas stream, the temperature was decreased
to 160°C, and then a mixed solution of benzene and acetone
(benzene/acetone (molar ratio) = 5/1) was passed through the

reactor at a rate of 1.2 ml/min. A resulting product was
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30 collected by cooling an outlet. [0072] One to two hours after the
reaction start, the resulting product was analyzed by a gas
chromatography. All of acetone 5 was disappeared, and cumene, '
m-diisopropyl benzene and p-diisoprﬁﬁll benzene were generated in
amounts of 95% on the basis of the antount of acetone. The generation of
cyclohexane was not found at all. [0073] 10 Comparative Example 1

colj@@trggcnjgp W@gp@ﬁ@r@gd in.the.same manner as Example 1 except for
using only a Re catalyst as a catalyst. [0074] One to two hours after

[ 0othe reaction start, the resulting 15 product was analyzeq by a gas
chromatography. Cumene was not generated and only isopropanol was

i le2 . Th action was ,
gengrated., [QQ?o5]h%%PBa§!é'é’&E’é%r£pFe%c ion stc%ezfgc?,ustiﬁg g Vultlng

performed in the same manner as Examp exce .
prodyzeoils as calolysl 0070] o O IR0 Bours Al e reaclon e cone

start, the resulting product was analyzed by a g X v
i nzene and tert-but
was CUDEIS WaR o gengiaied. And.a timethylhenzene and eIl una
enz

p-diisopropyl benzene were generated in amounts of 85% on the
basis of the amount of acetone. The generation of c¢cyclohexane
was not found at all.

[GOT3]

Comparative Example 1

The reaction was performed in the same manner as Example
1 except for using only a Re catalyst as a catalyst.

[G074]

One to two hours after the reaction start, the resulting
product was analyzed by a gas chromatography. Cumene was not
generated and only isopropancl was generated.

[0075]

Comparative Example 2

The reaction was performed in the same manner as Example
1 except for using only B-zeolite as a catalyst.
[0076]

One to two hours after the reaction start, the resulting
product was analyzed by a gas chromatography. Cumene was not

generated, and only trimethyl benzene and tert-butyl benzene
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31 were generated. Example 6 [0077] 1.0 g of a_5% Re on alumlna_
(catalyst which was prepared 5 in accordance with Applled Catalysis A: .
General 162, PP. 161-169, in 1997 and whose supporting amount of Re is
5%) and 1.0 g of the p zeolite were mixed homogenously, and then fed
into a quartz glass reactor having a diameter of 3 cm and a length of 40
cm and dried in a nitrogen gas stream of 30 ml/min at 350C for 1 10 hr,

wWe rg]eé%q{[@ggyg cted to reduction treatment in a hydrogen gas stream of 10
ml/min at 400C for 3 hr. [0078] After that, in the hydrogen gas stream

E I/min, the temperature was decreased to 150C, and then a mixed

Exago%ﬁgt]frénls of benzeneand acetone (benzene/aceton_e (molar rqtlo) = 3_/1)

[ooWa passed through the reactor at a rate of 1.2 ml/min. A resulting liquid
product was collected by cooling an outlet. [0079] Furthermore, the gas

collection was carried gut, although 20 it was not carried out in the above
exa?n’p esgaﬁg c%rr%p’hrgﬁvé) Bxampled - OnE v Rt hottsisterdhs prepared

in ag%%%‘?%?gﬁ@%gl lﬁ%ﬁ'?epéocd luct was analyzed byagas , PP. 161-169,
in 1987 and whose supporting amount of Re is 5%) and 1.0 g of
the f zeolite were mixed homogenously, and then fed into a guartz
glass reactor having a diameter of 3 cm and a length of 40 cm
and dried in a nitrogen gas stream of 30 ml/min at 350°C for 1
hr, thereafter subjected to reduction treatment in a hydrogen
gas stream of 10 ml/min at 400°C for 3 hr.

[0078]

After that, in the hydrogen gas stream of 3 ml/min, the
temperature was decreased to 150°C, and then a mixed solution
of benzene and acetone (benzene/acetone (molar ratio) = 3/1) was
passed through the reactor at a rate of 1.2 ml/min. A resulting
ligquid product was collected by ccoling an outlet.

[0079]

Furthermore, the gas collection was carried out, although
it was not carried out in the above examples and comparative
examples. One to three hours after the reacticn start, the
resulting product was analyzed by a gas chromatography (column

for gas phase analysis: manufactured by VARIAN Co., PLOT FUSED

SILICA 50M x 0.32 MM ID COATING AL203/NA2S04 DF = 5UM, column
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for gas phase analysis: manufactured by VARIAN Co., PLOT FUSED
SILICA 50M x 0.32 MM ID COATING AL203/NA2S04 OF' = SUM, column
32 for liquid phase analysis: ZB-WAX manufactured by Phenomengx. Co.).
As a result, the acetone conversion rate was 97.2%, and the selectivity on
the basis of acetone was, 6.5% for a. ?&drocarbon such as propane,
54.3% for cumene and 25.9% for 5 diisopropyl benzene. Example 7

: actj nalysis were performed in the same manner

O e e B ot T Lae MCN DL ie (oAb T EPeneenes
[ Idj talyst.prepared accordin thERIFIED .

o G O T R R T e i et en Edio 2ol e
P225, followed by classification into 250 to 500 ti) in place o

e z:sﬁle%(?(?%ﬁl Aé % rzcgb%t 3 g%gtonoePcoﬁ\CfgrEPorherat‘éa\‘ﬁas 9%:6%%, drfgc @

lvity on the basis of aceton s, 7.5% for a hydrocarbon sucg
hydgﬁ%%]pgg#e, %% v for climene ard 13.8% fof diisoprSiyl befizéhe?® - 9% for

a1 1 GOFIRAYve Example 3 20[0082]
Example 7
[0080]
ThereactionandanalysiswereperformaﬁintheSamemanner
as Example & except for using MCM-22 zeclite (obtainable by
compression melding a catalyst prepared according to VERIFIED
SYNTHESES OF ZECLITIC MATERIALS Second Revised Edition 2001,
P225, at 20 MPa followed by classification intoe 250 to 500 i)
in place of B zeolite.
[6081]
As a result, the acetone conversion rate was 95.6%, and
the selectivity on the basis of acetone was, 7.5% for a
hydrocarbon such as propane, 55.5% for cumene and 13.8% for
diisopropyl benzene.

Comparative Example 3

[0082]
ThereactionandanalysiswereperformedintheSameﬂmnner

as kxample 6 except that cupper chromite {product name: G99b,

element % by mass: Cu 35%, Cr 31%, Ba 2%, Mn 3%, and an atomic

ratio of Zn to Cu of 0, manufactured by Sid Chemie Co.,} was used
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The reaction and analysis were performed in the same manner as
Example 6 except that cupper chromite (product name: C.599b,. element %
by mass: Cu 35%, Cr 31%, Ba 2%, Mn 3%, and an atomlq ratio of Zn to
Cu of 0, manufactured by SildChemie Co.,) was used 33 in place of the
5% Re on alumina and the reduction tiéatment was carried out at 200C.
[0083] As a result, the acetone conversion rate was 95.0%, and 5

- d
] ge@ s of the hy. nsy h.as propane were by-produce
o %ﬁ%ﬁhg tf%qggec(t)i%ity%ol?l %Ee%%%{sg:}go a@e‘%%%pgv%@lfgi%ﬁfgrrg atment was

% for
hydrecarbon.such,as-propane, 33.2% for cumene and 31.4
Cardiisopropyl rl;aenzene. 10 INDUSTRIAL APPLICABILITY [0084] The

[ oo Present invention provides an industrially practica_l process for_producing
an alkylated aromatic compound in a single reaction step by directly

reagting.a and an aromatic 15 compound. Using the process, itgis
pos%i%l%atokgk%?g%éu%%ﬁe Urecty froman SE&ORE by rodtiéed mrthes . and

roduction by the cumene method. The cumene thus obtained can
ehe Eg%%{? as%jlggrggvtrﬁatgfal %o?epré%d‘{lcﬁco)ﬁ dF BRénof 3fith adetor andi@nwere

idizing.cumene and then decomposing it.
by—E§é‘§9J8r9 égc%%%%f%ﬁe s€lectivity on the basis of acetone

was, 25.1% for a hydrocarbon such zs propane, 33.2% for cumene

and 31.4% for diisopropyl benzene.

INDUSTRIAL APPLICABILITY
(0084}

The present invention provides an industrially practical
process for producing an alkylated aromatic cempound in a single
reaction step by directly reacting a ketone and an aromatic
compound. Using the process, it is possible to obtain cumene
directly from an acetone by~preduced in the phenol production
by the cumene method. The cumene thus obtained can be used aé
& raw material for production of phenol and acetone, and can be

used for a process of oxidizing cumene and then decomposing it.
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34 CLAIMS 1. A process for producing an alkylated aromatic

compound, which process comprises reacting an aromatic compound, a
ketone and hydrogen in the presencg; of a solid acid substance 5 and a
catalyst composition comprising at least one metal selected from the

group consisting of Co and Re 2. The process for producing an

alkylated aromatic compound according to claim 1, wherein the aromatic
compound is benzene and the ketong.s acetone. 103.The process for
producing an alkylated aromatic compound according to claim 1, wherein
the,solid agid substance is:g zeolite COMROUND.ay, A1 KNERIOGESS IOa i ¢
producing an alkylated aromatic compound according to claim 1, wherein

C ompg?é?r%) ,!I(Niﬂ?ﬁl g rsﬁ!)t?:%@%%es 3@&%&%%%‘&%@5‘&&%‘?& having, 10+ to. compound,

-membered oxygen ring pores. 5. The process for producing an

a ke%%é'g;usb%gfgg&ysag%%Cgm%@%@%%ogg@g to claim 1, wherein the solid., . ..

aci stance is a zeolite compound having 10- or 12-membered oxygen

rng pores, . §.The rocess for producing an alkyla ed aromatic .5 ; . .t .4
and %&%g%&ﬁ”f 50%8?&?893 %(;'p é%%mé%,m%k%rge?n %1(3%0%%%;0 substance is at 5C

fromle%‘ t one zeol te com Soypg se!)e%gt fromdthgﬁgroup consisting of p
z€e0 i?e,%ffN/EZf zeoll e,“r“no?de e, SM-5 z€0 ife, ZSM-12 zeolite and Y

Wpffem“%he process for producing an alkylated arcomatic
compound according to c¢laim 1, wherein the aromatic compound is
benzene and the ketone is acetons.

3. The process for preoducing an alkylated arcomatic
compound according'to_claim,l, wherein the solid acid substance
is a zeolite compound.

4. The process for producing an alkylated aromatic
compound according to c¢laim 1, wherein the solid acid substance
is a zeolite compound having 10- tco lé-membered ocoxygen ring
pores.

5. The process for producing an alkylated aromatic
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7. The process for producing an alkylated aromatic 10 compound
according to claim 1, wherein the solid acid substance is at least one
zeolite compound selected from the group consisting of p zeolite and
MCM-22 zeolite. 8. The process for producing an alkylated aromatic
compound according to claim 1, wherein the catalyst composition 15
comprises a carrier supporting at least one metal selected from the group

com}:ﬁﬂl@ﬁ@t.@gcgr%%r@% gecl a i(rggl ',A‘ BE’?&)?%%I‘P[E rgdsuginigdaaphlegoé’uvk\é@%gnce

process comprises: ) a step of converting cumene to cumene

. Dydroperoxide 20by oxidation, . 1 o(b) a step of synthesizing phenol .
o andea%)g%r)lée gy%%%%gcqﬁde%gr%ggsiﬁg thezjé:uni?;\em ﬁ%?r%ﬁgrché, t'a *he

pc}reséep of synthesizing cumene by reacting the acetone generated in the
step (b) with hydrogen and benzene, and 5(d) a step of circulating the

cumene objﬁiged irr] tgeeésséep(g%]to t}he%teé)jgg, wherein the step (c) i§ s

carfied out in Scdordance with the Process ascldimed inelamy 1¢ aromatic
compound according to claim 1, wherein the solid acid substance
is at least one zeolite compound selected from the group
consisting of P zeclite, MCM-22 zeclite, mordenite, ZSM-5
zeolite, Z8M-12 zeolite and Y type zeolite.

7. The process for producing an alkvlated aromatic
compound according to claim 1, whereirlth@ solid acid substance
is at least one zeolite compound selected from the group
consisting of P zeolite and MCM~22 zeolite.

8. The process for producing an alkylated arcmatic
compound according to claim 1, wherein the catalyst composition
comprises a carrier supporting at least one metal selected from
the group consisting of Co, and Re.

9. A preocess for producing a phenol, which process
comprises:

(a) a step of converting cumene to cumene hydroperoxide

by oxidation,

(b) a step of synthesizing phenol and acetone by



36

acid-decomposing the cumene hydroperoxide,

(c) astepof synthesizing cumene by reacting the acetone
generated in the step (b) with hydrogen and benzeneg,
and

(d} & step of circulating the cumene obtained in the step
(c) to the step (a),

wherein the step (¢) is carried out in accordance with the process

as claimed in claim 1.



