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1 DESCRIPTION PROCESS FOR PRODUCING ALKYLATED
AROMATIC COMPOUND AND PROCESS FOR PRODUCING PHENOL
TECHNICAL FIELD 5 [0001] The prejsent invention relates to a process
for allowing an aromatic compound to react with a ketone and hydrogen
to produce a corresponding alkylated aromatic compound by, and to a
process for producing a phengl:whgrein thg,;above process is 10
performed in a step. More specifically, it relates to a process for

nredueing amalkylatad aromatic;copmpoaund byrraacting %%N%nlzém

aromatic compound and hydrogen using a specific catalyst in a sing

reaction step, ancto-a pracess forproduycing @ phenghwherein the above
process is performed in a step. 15 BACKGROUND OF THE INVENTION

TrcIQP02] A pragess for producing cumene by reacting benzene and
propylene, a process for producing cumene hydroperoxide by 20

[Oogﬁigizing cumene, and a process for producing phenol and acetone by
acid decomposing cumene hydroperoxide are each known. A process in

whiclq hese reactions are cambined.is a production process for a phenol |
T 1 .
genera Iﬁacaﬁlsé%neics é%ﬁ?n%%%orﬁe %d?gﬁp g%rah nlpﬁlgo%%gs or aﬁ%owmg

an 8@%%§g§%aggggghnd to react with a ketone and hydrogen to

produce a corresponding alkylated aromatic compound by, and to
& process for producing a phenol wherein the above process is
performed in a step. More specifically, it relates to a process
for producing an alkylated aromatic compound by reacting a ketone,
an aromatic compound and hydrogen using a specific catalyst in
a single reaction step, and to a process for producing a vhencl

wherein the above process is performed in a step.

BACKGROUND CF THE INVENTION
[00062]

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 & main process for producing a phenol.
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2 [0003] The cumene method has a property that acetone is produced_
simultaneously. Although the property becomes merits when acetone is
simultaneously desired, , when acetone is obtained 5 in an excessive
amount with respect to the demand tﬁereof, the cost difference with
propylene which is a raw material acts disadvantageously_to lead to a bad

rooggonomic efficiency. Therefore, in order to lead the cost dlf_fere_nce
between an olefin which is a raw material and a ketone which is

- is, f le,
comppicaindt et e s AOpRR s Lo 8.

process for simultaneously pro me

= B P e e QO RIEDIS, when

from n-butené and benzene referred%l8 tént -docum

IS proce ince the selectivity of 15 secondary butylbenzene ‘
ace%@ﬁr%gegro%(?@ %v%ﬁéhei%uésni in%%ds produtct 'by ‘gg%i%%ti%ﬁ%? SBondaRPhagred
4 enzene, is.only about 80%, while acetophenone is incidentally produced
L TE i ke e GBIt (1 ok eSS B phORGI T, oh
roduction process.dqges not reach to that of the cumene method. 20
cosfodgldf Urt %?r%o%%qﬁ%prgfégﬁﬁi?%ﬁtamﬁg Bhérfol and 3% sHexanbhe 2Cts

OXi izinrg and.acid decomposingﬁcyclohexylbenzene obtainable from

. b ol
dlsagv% 62EME ARd henz8nei& 2lso PropBselt A tHRCHFORELS, sifiéé pReRBEY -

cycl

is Qbtained b
There%ore,gn%rder!x;lemjthecostdifferencebetweenancﬂefin

which is a raw material and a ketone which is co-produced to
advantageousness, proposed is, for example, a process for
simultaneously producing phenocl and methylethyl ketone by
cxidizing and acid decqmposing secondary butyl benzene
obtainable from n-butene and benzene (referred to Patent
documents 1 and 2). In this process, since the selectivity of
secondaxyfbutylbenzene hydroperoxide, which is an aimed product
by oxidation of secondary butyl benzene, is only about 80% while
acetophenoneisjjmjdentallyproduced:Ulanamountcﬁle%ornmre,
the yield of this process as a phencl production process does
not reach to that of the cumene method.
[0004]

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

also proposed. 1In this process, since phenol is obtained by
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3 dehydrogenating resulting cyclohexanone, the by-production of a
ketone can be avoided formally. In the oxidation reaction of
cyclohexylbenzene, however, the yield of aimed
cyclohexylbenzenehydroperoxide is fdw and the industrial value 5 thereof
is low. [0005] Under the circumstances, for the cumene method having the

denghestyields of Q?éigéti‘%lﬁad%&%%%%ﬁ%sﬁﬂeon’éﬁeor guio auoidthe ¢

defect of acetone incidentally produced with propgylene 10°which is a raw

a kerea&%i%Miﬁekg%@ggé@eéyps%wam%tﬁogﬁef%g%%%iggf%'[?beo%‘%&%“fon of

which is by-produced using various “methods are propos

cycD5ElPBSRsly convertle g [sopropanel by 13 hydipgenafion. The . g

process where this'isopropanol is” dehydrated to pr\é%)are propylene an

fhen.itis allowed ta react with benzene tg obtain cumene. Namely,
eYe proces@%%gﬁgﬁg%éﬁ%gﬁg a4 faw %nsagecr)i‘é“{l falor%c?h% CumBAE Aridth8d i3 1 ue
the gr%oroseg grgferred to Patent document 3) This process, however, has a
0 proﬁlem of having two additional steps of hydrogenation step and
glg ydration step. [0007] Consequently, processes of obtaining cumene by
{00 S . .
directly allowing isopropanol obtained by hydrogenation of acetone to

Under the circumstances, for the cumene method having the
highest yields of oxidation and acid decomposition, in order to
aveid the defect of acetone incidentally produced with propylene
which 1s a raw material while keeping the superiority, methods
for reusing the acetone which is by-produced using various
methods are proposed.

[0006]

Abetone is easily convertible into isopropanol by
hydrogenation. The process where this isopropancl is
dehydrated to prepare propylene and then it is allowed to resact
with benzene to obtain 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.

[0007]
Consequently, processes of cobtaining cumene by directly

allowing isopropancl obtained by hydrogenation of acetone to
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4 react with benzene are proposed (referred to Patent documents 4 to 6)
. Particularly, the patent document 6 discloses a process of preparing
isopropanol from acetone by-produced and producing phenol by using
cumene obtained by allowing it to reatt with 5 benzene. The process,
however, also has an additional hydrogenation step as compared with the

reaOfiginal cumene.methad, EE@BLQQ&h%PQ¥%E¥gQ’Qéeﬁgﬁgg%sggcuments

reusing by-produced acetone without adding any steps to t

4 tccRPventianal cumeng, 10 gk%@gtg%@eé%maﬁ%% %idéfefggé%agt rocess

ol
acetone, benzene and"hydrogén, a process of allowing them to react’in

the co-presence fg}ydr ge u%n atalyst system which comprises a .,
il .
° psoliggargi’cﬁ %u%%tgr%g gﬁg agﬂocor%p%icr? é%&%ﬁ%g% ?fttger‘?tx1 0 urrﬁéﬁtcmg
A1 Howeyer, the process %@gggpe%?_@e paﬁrg document 7 has a 1

h 17 R
P etenden%y%ﬁatqp%pgne is by-prod‘uré:e r@acg Wit

a W1 1% jie]
in the preparar%l%n of cUmeneé.

Patent docyment 1: JP-A-S57-91972 Patent document 2: L ]
b@nf%?i-'2004%662f@0§:€escslﬁcatlo%w§8 %tentacﬁo%%mé‘rﬁss: an  additional
h dJP-A-H -174737 Patent document 4: JP-A-H2-231442 Patent documeg_t

YOER 5IR B AG T Pate it HRsuhiaht's: IP-A25003-525885 PatsHe nethod.

[00 818(j‘ument 7: JP-A-2005-513116 5

Or the other hand, as a process of reusing by-produced
acetone without adding any steps to the conventicnal 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 discleosed (Patent document 7).
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-357-91972

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

Patent document 4: JP-A-H2-2314472

Patent document 5: JP-A-H11-35497

Patent document 6: JP-A-2003-523985

Patent document 7: JP-2-2005-513116¢
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DISCLOSURE OF THE INVENTION OBJECT OF THE INVENTION
[0009] 5 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 by directly
reacting acetone, benzene and hydrogen. The present invention aims to
provide a process for producing a phenol in 10 a step of which the above
process is performed and which does not involve any additional steps as
D1 sEoRPaked with-the conventiopal cumene method. MEANS FOR
SOLVING THE OBJECT 15[0010] The present inventors have been
OB Jﬁéﬁn%yyﬁ%di%@}%ry%g l'kpg the above objects and found that, by using a
solid acid substance and a catalyst composition containing a specific
tal as catalysts with a ketone such as acetone, an aromatic compound
20°such as benzene and hydrogen as starting materials, a corresponding
alk%gd arr(e)rgeartlig comvaL%nd such.as cumene can be obtained with a
high yield in"a single reaction Stef. D0 LICTRA Y t5'€ay tHE prEcesssor for
roducing an ted 6 aromatic.compound according to the present

Ikyl
pro Rl Enine B GeterBa A SR BHGE Al ah SmARESD i

znetggg“¥%gggtrially practical and which is for obtaining cumene
by directly reacting acetone, benzene and hydrogen. 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 invelve any additional steps as compared with the

conventional cumene method.

MEANS FOR SOLVING THE OBRJECT
[0010]

The present inventors have been eérnestly studied for
solving the above objects and found that, by using a solid acid

substance and a catalyst composition containing a specificmetal

- as catalysts with a ketone such as acetone, an aromatic compound

such as benzene and hydrogen as starting materials, a
corresponding alkylated arcmatic compound such as cumene can be
obtained with a high yield in a single reaction step.

(00111

That is to say, the process for producing an alkylated
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a ketone and hydrogen in the presence of a solid acid substance and a
catalyst composition containing at least one metal selected 5 from the
group consisting of Co, Re, Ni and'aglatinum group metal. [0012] ‘I"hg:-
metal is preferably at least one metal“selected from the group consisting
of Cc, Re, Ni, Pt and Pd, more preferably at least one metal selected from

amrt{ge;ggougggl%gétmg 059&3?&1?18 and Ni %13]BThe aromatlc compound ,

is preferably benzene, and the kétone is pre era ﬁ/acetone‘[rﬁ)ﬁiﬂ 15 LS

' ce.ls | azeollt comp ound, more
Cha%?e%%b%%ﬁéﬁ@??m%%lﬁj %‘I\%%Qg % Bereé’ MRy YRR ound,

| lit 0 d havm 0-or

B, ol e s s g
I | t lit pound selected from the

A LD O Do TAEE, Mo Sbrves FSes et =

zeolite and Yt e zeo te ore preferably at least one zeolite
fm%o%r%é%%du?efec{ledl it omﬁﬁe gr tp E% ED (3 edlitd BRdF Memez L -

(00 fg?llte. [0016]

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.,
(00137

The aromatic compound is preferably benzene, and the
ketone is preferably acetone.
(00147

The solid acid substance is preferably a zeolite compound,
more preferably a zeolite compound having 10~ to lé-membered
oxygen ring pores, particularly preferably a zeolite compound
having 10- or 12-membered oxygen ring pores.
(001571

Specifically, the sclid acid substance is preferably at
least one zeolite compound selected from the group consisting
of B zeclite, MCM-22 zeolite, mordenite, ZSM-5 zeolite, ZSM-12
zeolite and Y type zeolite, more preferably at least one zeolite

compound selected from the group consisting of B zeolite and
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The catalyst composition preferably comprises a carrier supporting at
least one metal selected from the group consisting 5 of Go, Re, Ni, Pt and
Pd, more preferably the metal is at least one metal selected from the
group consisting of Co, Re and Ni. [0017] The process for producing a
phenol according to the present invention comprises: 10 (a) a step of

MCM-COnVering cumene into cumene hydroperoxide by oxidation, (b) a step of
synthesizing phenol and acetone by acid decomposing the cumene

1 00 hydroperoxide, (c) a step of synthesizing cumene by reacting the acetone
15 generated in the step (b) with hydrogen and benzene, and (d) a step of

circjating.the WQP%%@QF%ME Isé%oe I(%)DI nto themsteB ég)s; Ita iicearri or

characterized in that the step (c) Is carried outIn LcCordanca with't
sup@beve process for producis 20 Ik%ateg(]j romatic compound. . |
P ADVANTAGES OF TH% |ﬁ%%@ﬁ8§e kbi %‘c%rgr gt thaproeees 15r- 29
£ dgpdﬁlgi’ngﬁrj aﬁ}%yl e romatic compound th present invention, an
° alkylated aromatic% %ogm%%?lnﬂosﬁ%tpgsegﬁﬁgﬁé¥;]ﬁ % Bbtaired Byfan -east

one 'ﬂglt{%tﬁl ag)é prac %Ig%l g gz‘noda ?rv1vc-|3=t hga}:lé%tg ngosrlil sc :rL] sats i%cgetg getglj Re and Ni.

[0017]

Theprocessforproducﬂm}aphenolaccordingtx>thepresent
invention comprises:

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

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

{(c) a step Qf 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 {¢) is 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



10

15

20

aromatic compound such as benzene and hydrogen as starting 5
materials in a single reaction step. Further, in the process for producing a
phenol in a step of which the process for producing an alkylated‘ aromatic
compound is performed, by-produceoeacetone can be reused without
adding the number of step in the conventional cumene method.

herm it.is.an epochal 10 technique such that the cumene ohtained
arog)la/{ rtgﬁée; pr(E)?c!r:)gﬂ soféﬁidpro%%cir%l an glﬁﬁ%%e%%aroln%gt?cn compoundthad noY ~ated

r i lity as compared with cumene obtained from prgpylene or
aro%%)gri(%{anar?oq%\%%%e%zesn%?l the process agn advantigeodSlyprogtcely an

. henal from the viewpoints of process and economy. 15 PREFERRED A
B OBIMENTS OF TAE INVENTION T0BL07 TRE pricsss for rombeie =0
an alkylated aromatic compound. according to the present invention is ‘
aro@ﬁ&rﬁéeﬁ%%) ?nutrh%at it B0 cSiipriketaaling A arbifatic Eompdand @ r ting

ketone and hydrogen in the presence of a solid acid substance and a
mat ggtja?yfsf com 60&%6‘@ CEmpTiRhy & lesdt One metdl defdoted ot theorocess
- roup consisting of Co, Re, Ni and a platinum group metal. [0020] 9 In
*Or?ﬁé%%&elﬁﬁn% R0 thehosorhiponetits 6hhé 2alersaa sdlsstantedirding
the metal-containing catalyst composition should be used and there is
an3£§ﬁ&ﬂgﬁ?ﬁfm%&&%%qgmm%umiiSp@rformed,by~pr0ducedacetone

can be reused without adding the number of step in the
conventional cumene method. Furthermore, it is an epochal
technigue such that the cumene obtained by the process for
producing an alkylated aromatic compound has no prcblem in
quality as compared with cumene obtained from propylene or
isopropancl and benzene. It the process can advantageously

produce phenol from the viewpoints of process and economy.

PREFERRED EMBODIMENTS OF THE INVENTTION
[0019]

The process for producing an alkylated arcmatic compound
according to the present invention is characterized in that it
comprise reacting an aromatic compound, a ketone and hydrogen
in the presence of a solid acid substance and a catalyst
compositioncomprisingaﬂ:leastcnmametalselectedfromtﬂm&group

consisting of Co, Re, Ni and a platinum group metal.

[0020]
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use method thereof. The solid acid substance as an acid catalyst 5
component and the catalyst composition containing the metal may be
mixed physically in a level of catalytic particles with a centimeter size.
Both of them may be pulverized and nixed followed by being molded
anew into catalytic particles with a centimeter size. Moreover, the catalyst

composiign.containing 10 the metal may be sup %%%%gﬁr{ g%?% g%%%g olid

d cataly
substance acting as an acid cata )/S'[ as a carrier. n S

+ AC| ce_may be supported on the catalyst composition containjng,
amcﬁé%ﬁ%‘é’%?g c%\?r%erEFO%Z%%?ﬁ;Tﬁeo Solid-Adi %uB%t%%@g Used RS~ Lo

! nt invention i catalyst having a function as an acid and should be
o et GehBimi 234318 Comgbhi: 4igan the

those %e}ﬁg generally Callgd a% & 30iid &8¢ :
'ii1c acid ion-supporting zirconia WO03-supporting

alumina, alumina, sulf
use %?é%}h?%thrfaeﬁ%oh e cgn Belded 3610035 e 2EGlifkcBmMAoUrR SRhfthy St
is an inorganic crystalline porous compound mainly constituted by silicon
ComEAA NG N8 & SuRABIE aRSTEHBA CatdSEREn e vEHpGALEF Reatmay
resistance and selectivity of an aimed alkylated aromatic 10 compound. A
be itShleRGite Eompotid Fanés Bépétidifg 6R ARt aforRatic-ésmpeund th 2

used as a raw material and the molecular diameter of an aimed alkylated
cen%&gﬁ@ﬁecaﬁ&%undﬁoth 0f them may be pulverized and mixed

followed by being molded anew into catalytic particles with a
centimeter size. Moreover, the catalyst composition containing
the metal may be supported on the sclid 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.
(0021l

The solid acid substance used in the present invention is
a catalyst having a function as an acid and should be those being
generally called as a solid acid. Zeclite 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 suitable alkylation catalyst from the viewpoint of heat

resistance and selectivity of an aimed alkylated aromatic
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[0023] 5 For example, when cumene is prepared as an alkylated

aromatic compound by using benzene as an aromatic compound and

acetone as a ketone, it is preferred to use a zeolite compound having 10-

to 16-membered oxygen ring pores asthe zeolite compound. 10 [0024]

Examples of the zeolite compound having 10- to 16-membered oxygen

[ res.include ferrierite, heulandite, ZSM-5 zeolite, ZSM-11 zeolite,
Comé%gl\/ﬁ)? zéoh%tlél,l I%I?g; 286 ﬁef,lt ot T s %ﬁt%,g WEhEBENSITE SEfpe? on an

lite, Y type zeolite, USY type zeolite, 15 mordenite, de-aluminized

amlﬁng(?régnitce?ﬁ%lal e,ﬁ&f@l-f}? 260lite” MERISE igglit@rﬁcﬁﬁ% DediftenLar
Gia XgL@rnteteQit%, ofjrgtige, c(leoveri e, VP1-5 zeolite and UTD-1 zeolite. [0025] Of

these zeolité CompoUnds. those h&ving pEPES-similar T 207 he molecular
EI' meter of cumene are preferable. it is more preferred to use zeolite
compounds having 10- or 12-membered oxygen ring pores. Examples of
the zeolite compounds having 10- or 12-membered oxygen ring pores
inclGdé YXpESESlite, USY type5a6iite. SmattERite, He-ddmmized kv lated
mordenite, (3-zeolite, MCM-22 11 zeolite, MCM-56 zeolite, ZSM-12
ALODRGHE SRS 280lite LARMGT] TRt RemAtRediONpGIRE of elmeRed and

selectivity,(3-zeolite, MCM-22 zeolite, mordenite, ZSM-5 zeolite, ZSM-12
ACeLBPfe3nd Yketone, it is preferred to use a zeolite compound

(0C

having 10- to 1é-membered oxygen ring pores as the zeolite
compound.
[0024]

Examples of the zeolite compound having 10~ to 16-membered
oxygenringporesincludeferrierite,heulandite,ZSM—Bzeolite,
25M-11 zeolite, ZSM-12 zeolite, NU~87 zeolite, theta 1 zeolite,
weinebeneite, X type zeolite, Y type zeolite, USY type zeolite,
mordenite, de-aluminized mordenite, B-zeolite, MCM=-22 zeolite,
MCM~36 zeolite, MCM-56 zeolite, gmelinite, offretite, clovaerite,
VPI-5 zeolite and UTD~1 zeolite,

[0025]

Of these zeolite compounds, those having pores similar to
the molecular diameter of cumene are preferable. It is more
preferred to use zeolite compounds having 10~ or 12-membered
oxXygen ring pores. Examples of the zeolite compounds having 10-
or12—memberedoxygenIinggmresinclude?ftypezeolite,USYtype

zeolite, mordenite, de-aluminized mordenite, f-zeolite, MCM-22
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type zeolite are more preferred, and (3-zeolite and MCM-22 zeolite 5 are
particularly preferred. [0026] The composition ratio of silicon to aluminum
(silicon/aluminum) in these zeolite compounds should be in the range of

2/1 to 200/1, and from the viewpoint éflactivity and 10 heat stability, it is
preferably in the range of 5/1 to 100/1. Furthermore, it is also possible to

so-called isomorphically s ituted zeolite compounds obtainable by
ZeOgu%sﬁiiut%g?%mgninzt?rpﬁqajt%r%’co%%gﬁé(? in $R& za6ifte g?@etéﬁ%ﬁw dffetalte-

other than aluminum, such as Ga, Ti, Fe, Mn or B. 15 [0027] The solid

|
ANO38 d BBaE e has s ¥AGHE Which fsnot tRAfciRHy Hitettandfnag ol ite,

have any one of spherical, cylindrical, extruded and pulverized shapes.
MCMEgr h&F %A h%?ﬂ_cﬁép%*’f?eei%flﬂfﬁa;?BE‘*E&&?@&%%*W@%@% SPH1 hmand ¥
20 to 100 mm depending on the size of a reactor. [0028] The solid acid
CYPEURBheE i 0B U< & Sighy 4Rd twarsh Biore okinds thefeE Mg becolite
used. [0029] 12 The metal-containing catalyst composition used in the

3eHRAEEhE MVEeRTic iS4 BARIVS Composition containing at least one metal

[Oog%lﬁacted from the group consisting of Co, Re, Ni and

" The composition ratio of silicon to aluminum
(silicon/aluminum) in these zeolite compounds should be in the
range of Z/1 to 200/1, and from the viewpoint of activity and
heat stability, it is preferably in the range of 5/1 to 100/1.
Furthermore,ji:isalsopossible1x>useso—calledisomorphically
substituted =zeolite compounds obtainable by substituting
aluminum atom CQntained 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.

(0028}

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

kinds thereof may be used.

[0029]
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platinum group metals, preferably at least one metal selected 5 from the
group consisting of Co, Re, Ni, Pt and Pd, more preferably at least one
metal selected from the group consisting of Cc, Re and Ni. [0030]
Mention may be made of those contafring at least one metal 10 selected
from the group consisting of Co, Re, Ni and platinum group metals as it
is, a,Pﬁl éhgnseetccln_tgi&ilr% at least one such metal as a metal compound, as
the metal-containing tatalyat: compositor ExEMPIes afe 8 et Txide”  the
roSuct afn%oo,tCOZOB Re02, Re207, NiO, PdO, Rh203 and Ru02; a metal
P T ERIbride SLEh as BoC 13, 18 ReCTs. Nitl2 PHEl12” KRGS ahdRuetaleast
Oneand thase clcintajcnin ina_cluster metal form such as Ru-Rh or Ru-Pt.
[0031] Othr Exarnples MIde cSH=ian mtat: tobak(Ifatatat&e, Ni and
1 %obalt I1) sulfate, cobalt(ll) sulfide, diammonium 20 cobalt(ll) sulfate,
P2 608 hydi3Ride" 2bBaR (1IPbfonfidé asic EoB&fR Y cafforibes, Thbas ected
hexammine chloride, cobalt(ll) phosphate, cobalt sponge, cobalt powder,
EXOR AN CoBHR, C%b%ﬁﬁfﬁ@n%éa&@,fcgﬁalt%pﬁtﬁéﬁéieﬁ Fodlare preferably
hexanitrocobaltate (lIl), chiorophthalocyaninato cobalt(ll), 13
at hﬁﬁﬁﬁbﬁﬂﬁpﬁﬁﬁﬂécﬁﬁ%ﬁéﬁfﬁbﬁ%ﬁ@%,the group consisting of Co, Re
tetra-aminochlorophthalocyaninato cobalt (7)),
andidiia- carboxyphthalocyaninato cobalt(ll),

[0C30]

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. Examplesa?eeametaloxide:&uﬁ1as€oo,(kh03,ReOm
Re;C;, Ni0, PdO, Rhy0; and RuQ;; a metal chloride such as CoCis,
ReCls, NiCl,, PdCl,, RhCl; and RuCl;; and those containing in a
cluster metal form such as Ru-Rh or Ru-Pt.

100313

Other examples include cobalt (II) nitrate, cobalt (I}
acetate, cobalt(II) sulfate, cobalt{Il) sulfide, diammonium
cobalt(II)sulfate,cobalthydroxide,cobalt(Ii)bromide,basic
cobalt {II)} carbonate, cobalt hexammine chloride, ccbalt(II)
phosphate, cobalt sponge, cobalt powder, Raney cobalt,
cobalt (TI) benzoate, cobalt naphthenate, sodium

hexanitroccbaltate (III}, chlorophthalocyaninato cobalt (II),
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2,3,7,8,12,13,17,18-octaethylporphyrinato cobalt(ll), 5 cobalt(ll)
2-ethylhexanoate, 5,10,15,20-tetraphenylporphyrinato cobalt(ll), cobalt(ll)
gluconate, sodium dicyanao(phthalocyaninato) cobalt(lll),
dibromo-bis(triphenylphosphine) cob Ifand cobalt(ll) stearate. 10 [0032]
The catalyst composition containing at least one metal selected from the
Qup_ er%s_jg i f.Caq, Ni_and platinum group metals is used in the
tet%ée:agn% inven ion?ll%%?t)h rgmholrg%f%()‘is preferable that the metal_ig P F‘eja%t( LI,
~ pne | ggf the group consisting of _Co, Re, Nl, Pt an "?“sz
we Bgcﬁgﬁ t!f%%%?/%r é\%@l{%ﬁ@g a%ér?eaigodecreased in pr_oducm& an ag“ (I1),
+ alkylat gb romatic_ compound. That is to say, in producing cumene hy
se ?é%c%q% 03&@%%13%8%3 and‘hydrogen, hydrocarbons such & 'pfdpalte +

are gccasionally by-produced. However, the yse of the 20 catalyst
& 3’czer'n%b%?is’o%%c’olynﬁi%%goaﬁggsft%\ielprﬁéﬁﬁlgglégﬁﬁrom the groGpat= (I},

consisting of Co, Re, Ni, Pt and Pd decreases the by-production of
COb%QEfB%%arlbons such as propane. [0033] The metal is preéfefdBly abREapCate,
n tal selected from 14 the group consisting of Co, Re and Ni )
ot @égégs%egm%eﬁﬁﬁm%ﬁ GREERc BRfifis is eerddsedin prodaeing ik I 1)

alkl){lated aromatic compound. That is to say, for example, cyclohexane is

gluconate, sodium lcyanac {phthalocyaninato) " cobalt(III),
dibromo-bis{triphenylphosphine) cobalt and cobalt (I1)
stearate.

[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 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 ¢f alkene is decreased in producing an alkylated
aromatic compound. That is to say, in producing cumene by
reacting benzene, acetcne and hydrogen, hydrocarbons such as
propane are occasionally by-produced. However, the use of the
catalyst compesition containing at least one metal selected from
the group consisting of Co, Re, Ni, Pt and Pd decreases *he
by-producticen of hydrecarbons such as propane.

L0033}

The metal is preferably at least one metal selected from
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occasionally by-produced in producing cumene by reacting benzene, 5

acetone and hydrogen. However, use of the catalyst composition

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

Re and Ni decreases the by-producti%ﬁ of cyclohexane. [0034] The

catalyst composition containing at least one metal 10 selected from the

onsisting.of Co, Re, Ni and a platinu roup metal is not .

tne gfagrﬁg Iaﬁé i%nli'tgé%lélsglo%l%g gg ’|taf§§saégacga&%‘ll%e(%%%g?oégﬁaﬁﬁﬁ 8%%%(% on
functional group,to alcohol, So-called hydrogenation catalysts which are
éé}rﬁhle?ciggle;i}arﬁgblé 2an B Used s théy aré it these T %uﬁé&ﬁ@dﬁted
amrggtviagiougmcegggrcf an ktlhetlike are available in the market. [0035] As the

Cartier, Tor exarmple, silica, altimima, Sitca ZRimime Tarfia, maghetRane is
Occasliliga ma negia,_zirc%!‘lia, céar,bon, 20 acid clay and diatomaceous earth

can Beused” Xmdnhg THERC it 1 PrERRHEUE SSIBE bt RAIGHE of Wi zene.

alumina, silica_ alumina, titania, magnesia, silica magnesia, zirconia and
2CCLRiboR: 4710 BrampieE of the coRfetciallf aNapeataR@position

compositions include Co on alumina catalyst, Co on silica catalyst, Co on

SO arBor CatdlySt: 594 R Easirt catély S 596 Rer o the group consisting

of Co, Re and Ni decreases the by-production of cyclohexane.

of

[0034)

The 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 hydreogenating 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 diatomacecus earth can be used. Among them, it
is preferred to select at least ocne of silica, alumina, silica
alumina, titania, magnesia, silica magnesia, zirconila and
carbon,

[0036]
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alumina catalyst, nickel on silica alumina catalyst, 5% Pd carbon 5
catalyst, Lindlar catalyst (obtainable by adding Pb to Pd carbon catalyst),
5% Pt carbon catalyst, 0.5% Pt sulfided carbon catalyst, 5% Rh alumina
catalyst and 5% Ru alumina catalyst.l¥ is also possible to use those
obtainable by varying the supported amount to 1% or 0.5%. In these

catalysts, it is preferable that 10 at least one metal selected from the
%Xamﬁsigﬁng ocffélo, R&® and" N8 Contaned frorf fhe vigigoint of e Y St

group €o
com%|eld of an aimed coagound. [0037] These cataI{%t compositions

RBRtmMinG the Metat ifay b2 18U A5 af@ bid BF moréRings: silica
tt ereof maé%:be used. [0038] Furthermore, when a metal salt such as ]
ca 4, FECPor gt an dikalfietal or 37 ARAPRRIASHIIS(RRask Re
- Na, BaSO4 or the 'Like is added to these catalyst compositions
aLURhRtintg20 tHe metak FeCachvityt sidthe sée it ake Fhprefetrirarbon
certain case. These can be added in accordance with the necessity.
CaT {609} The BathiystbhidosTion Cohtatig Heliietal hesta Bhdpe A8 carbon
which is not Earticularly limited and may have any one of spherical,
cataviifdrical, extruded GRERIVeAzdd shigpes. Fubthert a particfd Sizé ofirrbon
may be selected from the range
catalyst, 5% Rh alumina catalyst and 5% Ru alumina catalyst. It
is also possible 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 Ni is contained from the viewpoint of the yield of an aimed
compound.
[0037]
These catalyst compesitions containing the metal may be

used singly and two or more kinds thereof may be used.

[0038]

Furthermore, when ametal salt such as Pb3S0Q,, FeCl, or SnCl,,
an alkali metal or an ailkali metal salt such as X or Na, Bas0y
or the like 1s 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 compesition containing the metal has a shape
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of 0.01 mm to 100 mm depending on the size of a reactor. 5 [0040] These
catalyst compositions containing the metal may be supported on the
above-described solid acid substance. Specifically, it can be supported
on the solid acid substance by a methéd of impregnating the solid acid
substance with a 10 nitrate aqueous solution of at least one metal
. selected from the group consisting of Co, Re, Ni and a platinum group
Wh G tat Snd Cal ARG, & Method of maKing thedBAntBAYCoRTIEX Bhideane of
with an organic molecule which is called as a ligand in order to make
SPREHEhT 851uble iR an Bigaric solvErtt AdAiRE thefdo tha! brsaRic 85! sofveapes -
to prepare a solution, and then impregnating the solid acid substance with

FurfRedsiufion folfoivetFoy E&Rirfig, 1& nidthod of HepBSitifg diecs thae range

some of the com&lexes vaporize in a vacuum. Moreover, in preparing the
o Golitffadidt siBsthee ForR ere bicsiresponbingThetl edltdt isgossible to
emFon a coprecipitation method where carrier synthesis and support of
LOO¢He!metal-containing catalyst composition are simultaneously carried out
by coexisting of a salt of at least one metal selected from the group
congdistffof€b2 Res Ni apdzoglatinen yroop metalihyy whiehretehersay be
hydrogenation catalyst. 00411 In the present invention, compounds
SUPR&VIAG® t020 carben above-described solid acid substance.
Specifically, it can be supported on the solid acid substance
by a method of impregnating the solid acid substance with a
nitrate agueous 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 sclvent, adding them to the organic
solvent to prepare a solution, and then impregnating the solid
acid substance with the solution followed by calcining,. amethod
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 simultaneously

carried out by coexisting of a salt of at least one metal selected

from the group consisting of Co, Re, Ni and a platinum group metal
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atoms can be exemplified as examples of the aromatic compound. S For

example, they include benzene homologues such as benzene, toluene

and xylene, and their substituent derivatives; and naphthalene

homologues such as naphthalene and methyl naphthalene, and their

substituent derivatives. Examples of ketone are compounds having 3 to

29 cggbqtnoa}QmS, gd those 10 symmetric and asymmetric can be used.
1 HS

Wit B amplesof the group bBRaMG to ¥ edrBoriyi GFoup include an alkyl group

[ooﬂr:ﬂq an aryl group. Specifically, mention may be made of acetone,
methylethyl ketone, acetophenone and the like. [0042] 15 Of these, the
reaction for producing cumene by using benzene as the aromatic

compourt aRttetdne RE Hhe kefoneSemaHsFiall #dstdnfportart Iarbon

this case, the molar ratio of benzene to acetone (benzene/acetone) is

2O ferabIP A BI6 Whih! f % FowEr AR 164 rahge! the praduciiens afpound.
diisopropyl 20 benzene and triisopropyl benzene are apt to be increased.

For |ne%ﬁ@%ﬁ@ae&&ﬁ’c&rﬁéﬁé{%ﬁisesWﬂ@eﬁf@@&%ﬂﬁsw@pya benzenene,
can be returned to cumene by trans-alkylation with benzene. However,

Lol farialkyidi6m i uneendriealbeeatse ihe sedctidn teémperaters:is and
high, and when the amounts of 18 diisopropyl benzene and triisopropyl

napRéhzeifd:gre BNakRI BRS steantbost dsincremsed hAhileewhemn it is exerhy1
the above range, it is uneconomical because a distillation column is

napjpaifedsne, 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, acetophenone and the like.
[0042]

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 melar ratio of
benzenetxaacetone(benzene/acetone)jjspreferably],to20. 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, diisopropyl 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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recovering the excess benzene in the post step of the reactor. 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 hydrogen used heréin may be a hydrogen gas in a
molecule state or a hydrocarbon such as 10 cyclohexane which generates

di i dyd EQSEWrbﬂﬂ%@ﬁ@“%&Omiti%p\é@ﬁﬁ}f‘i%%’}%nbee%%‘% 8p% . - ge , the

hydrogen are reacted, the hydrogen should be equimolecular or larger

stedhanacetone inqrincinle. From the Vigwpoint.of ecoveringwith, o .. o
?erabTy T

separation, the preferable rangeis1 to 10 times mole, more pre

i 13 S IAN dP IR AN At R e L e onhal Yo GUNell -

ratio of acetone be depressed to 100% or less, it can be mét

de ing .the t of hydrogen used from 1 timg mqle F rthermore,
ee hyg%grzbr?%o? fee m%%l%t ee%fc?%nlor} thg%rggé;rﬁ |:r;’1veet£'1)t|<())nf |§ut}8a5t%%m’or '
{DDzY\’git oxygen atom of acetone to be made into water, 20 and can be taken

out together with cumene from the outlet of the reactor. Moreover,

i . I he equivalent amount with
hydf%%e%ggp amougttrgore than %r,equa to t q

ISede ong 88 RABS TP sl SRR Toes Y

cma
acetone’is not used essen%aah}f/ as

not proceed. [0044] 19 . When hydrogen gas is added to the reaction, it is
te tgheené)rraﬁﬁ fed c:éﬁt‘fr%}&&fs?f ﬁ&mé%f?ﬁ*é%% pEHiCUTaH fiffdhthiy Led out

. . It is possible to employ intermittent feeding that at
in {ﬂghggegé%ge of hydro%e%. The hydrogé% used herein may be

a hydrogen gas in a molecule state or a hydrocarbon such as
cyclohexane which generates hydrogen in the reaction condition.
When acetone, benzene and hydrogen are reacted, the hydrogen
should be equimclecular or larger than acetone in principle.
From the viewpoint of recovering with separation, the preferable
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
aceteone 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 outlet of the
reactor. Moreover, hydrogen in an amount more than or egqual to
the eguivalent amount with acetone is not used essentially as
tong as undesirable side reaction does not proceed.

[0044]
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the beginning of the reaction, hydrogen is added, and then the 5 hydrogen

feeding is stopped during the reaction and after a certain time, hydrogen

is fed again. Further, in the liquid phase reaction, hydrogen gas may be

dissolved in a solvent and fed. Moredver, in the recycle process,

hydrogen gas recovered together with light boiling fractions from the top

of a_tower 10 may be fed. In general, the pressure of hydrogen to be
UG8 pei ;

adde E AT pre@8Teofthe Fadtsr but Rmaltbé prperyally
£ dchanged according to the method for feeding hydrogen. [0045] In carrying
& ott the' Pra2BAt reaction” Y nethbds ARd 1 5 86hdifions therebi @6 ol this
_ thar icularly have limitations. For example, it is possible to employ the
M RSdwing ConditinE MY ethdiier jooue) The Eahidctof atefohing that at
h benzene and hydrogen gas which are 20 reaction raw materials is
the BRGGBA P afy driteor §ashidam, chbustep eementand gas-licuid paraikel t he
current, in any one liquid-gas direction of liquid descending - gas
nydgessiing© as€enthiy P gés desderming; fiquidapisiascendimgaiiter a
liquid-gas descending. 20 [0047] Although the reaction temperature is
Ceraibrhot pafticulariyr frfed s tHe presentinvention; itisprefenatil én thequid
range
phase reaction, hydrogen gas may be dissolved 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 general, the pressure of hydrogen to be added
is the same as the pressure of the reactor, but it may be properly
changed according te the method for feeding hydrogen.

[0045]
In carrying ocut the present reaction, the methods and
conditions therecf do not particularly have limitations. For

example, 1t is possible to employ the fellowing conditicns 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~liguid parallel current, in any one
ligquid-gas direction of liquid descending - gas ascending,

liguid ascending - gas descending, liquid~gas ascending and

liguid~gas descending.
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of 50 to 300C, more preferably 60 to 200C. In general, the 5 pressure
range for carrying out is preferably 0.1 to 500 atm, more preferably 0.5 to
100 atm. [0048] Furthermore, the catgl st amount used in carrying out the
present invention is not particularly limited. For example, in 10 the
reaction using a fixed bed flow reactor, the catalyst amount, as

[ 00 tepresented by a value determined by dividing the feeding amount
(weight) of raw materials (ketone + aromatic compound) per hour by the

weight:of catalyst namely YWHSVW, s prefer A r 0.1 t0.200
/h, more preferably 0.2 to 100/%?1ll [%%%F%%eﬁe%%t%&t%ecg ﬁﬁ%%sléifl arly

1 im2€igsybstanceodhe catalyst, compgsition g_%n’\?%ne”%% ggll:)effag e me t%lange

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

or petatjo 1ol -parteulegyoied I gonerg, o spld poid subsianee .20

the metal-containing catalyst composition (the weig

preé%Qer%@ﬁéQh%%fOﬁ§%¥§¥ﬁéob¥¥bgﬂ§he W?gggé tio inMiaggo atm,

substance is too small, it Is not economlcaPEeecause t g alky aﬁc?n

e rée%q_ligg ds Qgigquciengg (‘ladge(% +Lg_)ut to decrease the yield of the

alkylated aromatic o1 compoun stich as cumene. Moreover, when the

[OOX\éejght ratio of the solid acid substance is too large, it is also not

economical because the conversion rate of acetone is decreased.

Furthermore, the catalyst amount used in carrying out the
present invention is not particularly limited. For example, in
the reacticn 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]

Theweightrathaofthesolidacidsubstancetothec&talyst
compositioncontainingatleastonen@talselectedfrmnthegroup
consisting of Co, Re, Ni and a platinum group metal is not
particularly limited. In general, the solid acid substance
the metal-containing catalyst composition (the welight ratio) is
1 :0.01 to 1 : 100, preferably 1 : 0.05 to 1 : 50. When the
welght ratio of solid acid substance is too small, it is not

economical because the alkylation reaction is not sufficiently

carried out to decrease the yield of the alkylated aromatic
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[0050] 5 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 arofdatic compound are alkylated by the
function of the solid acid 10 substance and thereby made into the
alk Iaéed aromatic compound. That is to say, it is considered that .
c.om%?/gﬁ)gesﬁla?f&ﬁ And ARy fatior ke Prace stERBY siép s thebrédictiorp T the
process f the present invention. [0051] 15 When the fixed bed reaction
50 1L ABIoYetHBr tHe YeRctich 16fm bF i presantifvantich, B fifiRgnomical
method of the solid acid substance and the metal-containing catalyst

DeCBposhtionS BEdEsiSHAlY affeths the reagliciifesiit 14@Ke Asasbscribed

above, it is considered that hydrogenation and alkylation take 20 place
[00 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
front the ViGwpoliits @t thee EataRReisised effiefenthyi divd ahdesirablenat ic
side reactions are controlled. 22 0052] In particular, when the hydrogen
comprasire brihé rermseraturens aicréased inforderdoincreasethe herctiofic e v

rate,
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 1is to say, 1t 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 emploved 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 reaction result largely. As described
above, it is considered that hydrogenation and alkylation take
place step by step in the present invention. Therefore, £illing
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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the occurrence of undesirable side reactions which are not found 5 ata
low hydrogen pressure or at a low reaction temperature is common in
general chemical reactions. Such a ¢case has a possibility that the method
of filling the catalyst largely affects thé reaction results. [0053] 10
Examples of the method of filling the catalyst seeds proper for each step
[0 0®f the reaction in order are as follows: (1) A method of mixing the sol!d_
acid substance and the metal-containing catalyst composition, gr!d filling
them. (2, A pethod of filling;such t@ﬂ&a I@)ﬁ{logéfé%meé%écso %lglnqadrﬁ the
catalyst composition (upper-stream side) and a layer of the SO id aci _
remSébgtance (awer-siiean.side) g formed. (3). @e@%gh%%gfrﬂgggttggﬁ . o
acid substance on which the metal-containing catalyst composition is ~
the SHRROrE, (4) m@%% ot.iiling such that acl%%%rnosf tw'}?ir?ﬁzgli%ogtg’lcn? und
-20 catalyst composition (upper-stream si e? and a layer of the 'solid™ aci

at aSl{Qﬁgag%gggéqle g}eéglé%ogga%in%gatalxst composition (Jower-stream

side) are formed. (5) A method of filing stch that a layer of thar =rature 1s

tal-containin talyst composition (upper-stream side) and a layer of
COM@?S&?& 2 %g%%?bs%ﬁénelgﬁvhfc%at %lrﬁé]tal'-con?aﬁﬁ g Eatdig§E has a

osition_is supported(lower-stream side), are formed. (6) A method of
pos?ﬁ%&slut tafa;illa%%e?o %Jé%s%ld%%dflgﬁlng the catalyst largely

r

affects the reaction results.
[0053]

Examples of the method of £illing the catalyst seeds proper
for each step of the reaction in order are as follows:
(1) A method of mixing the sclid acid substance and the
metal-containing catalyst composition, and filling them.
{(2) Amethod of £illing such that a layer of the metal-containing
catalystcomposition(upper~streamside}andealayerofthesolid
acid substance (lower-stream side) are formed.
{3) A method of filling the solid acid substance on which the
metal-containing catalyst composition is supported.
{4) Amethod of filling such.thatealayer‘of‘thelnetal—coniaining
catalystcomposition(upperwstreamside)eumialayarofthesolid
acid substance and the metal-containing catalyst composition
{(lower~stream side) are formed.
(5)E&methodof’fillingsuch'UMn:a1ayer<ﬁfthen@tal—containing

catalyst composition (upper-streamside) anda layer of the solid
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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-contaiidg catalyst composition is
supported (upper-stream side) and a layer of the solid acid 10 substance

aci%owgﬁgtgetam side) are formed. The upper-stream side is an inlet side of
t

e reactor hamely OF repfBdéitts afayer hatthe raiimatstidlg paggtalyst
Comtrgcs)li h in the first half of the reaction. The lower-stream side is an outlet
Bidg'of the relctorPRaneR it tepiesars e RYerwARh ig paséedtidugh
(6) 15 in the last half of the reaction. %)054] The reaction of the present
inveRfior fhy e darfied o8t S & HiIlGHAG condifoteBy addinga sohért orcid
bgas inert to the catalyst and the reaction agents into the reaction system.
SuUL5(365655] THereatlién offieipreSeRtiAveritoh carrhe taried cwrmipcariyt ion
one method of batch type, semi-batch type and continuous flow type
(UPRftRGds $eRanhé BArraD Ut intaniEaneformto? ligaidi phase, gasyihesence
: and gas-liquid mixed phase. As the method of 24 filling the catalyst, it is
(LopsEsiBletsBMBIbYvariBus nicises! such as fixed bed, fluid bed,
suspension bed and tray fixed bed, and there is no trouble in carrying out
(7) with'as@y rethed. £i11ling such that a layer of the solid acid
substancecxnwhich.thelnetal—containing'catalyst compoesition is
supported (upper-stream side) and a layer of the solid acid
substance (lower-stream side) are formed. The upper-stream
side 1s 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, 1t 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 resaction system,

[0055]

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. Itcxulbecarriedout:NlanyonefOrmofliquid

phase, gas phase, and gas~liguid mixed phase. As the method of
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[0056] 5 In carrying out the present invention, the solid acid 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 @afhd the metal-containing
composition, and should be 10 kept at a temperature of 300C or higher for
.. 10 min_or more while passing an inert gas such as nitrogen and helium.
bl s
lli&rr% eri:r%jgre?a%ao%%ﬁo &khi ﬁtﬂ%%%ﬂ?\%fof:ﬂ@%}&ycd?ﬁélhﬁgs methods
Sucgagagy%ti cog%%s tIOI’F]“Wh‘ICh is a hydrogenation catalyst, it is possible to

oG ent & BiffogEH §REREeaM SRErdRe 5 aBhjdrred,

carrying ou
an dtr%%tment., 0057] When the catalyst activity lowers at a certain elapsed

time: tfie attiiied bf tHe- Soltfacid SEBstaAcE 4id thé e castaity

(o Og:)é?position can be recovered by carrying out 20 reproduction with known
hods. [0058] In order to keep the production of the alkylated aromatic
compound such as cumene, it is possible to employ a merry-go-round
methdd it tWo 'oF thee réators 236 SBLini25 patdlel anthehiledned acid
reactor is working for reproduction, the reaction is carried out by the
SURFARIRRESSe b wWBTRadtorRS NEGhE HTbre cWher treeneactors asderably

used, it is possible to
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
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,
mqordertoexhibittheactivity<thhen@talmcontainingcatalyst
cemposition which is a hydrogenation catalyst, i1t is possikle
to carrying out treatment in a hydrogen gas stream after the
dehydration treatment.
[0057]

Whenthecatalystactivitylowersateacertainelapsedtime,
the activities of <the soclid acid substance and the
metal-containing composition can be recovered by carrying out
reproduction with known methods.
[0058]

In order to keep the producticn of the alkylated aromatic

compound such as cumene, 1t is possible to employ a

merry-go-round method that two or three reactors are set in
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employ a method that two other reactors are connected linearly 5 to

thereby decrease the variation of the production. Moreover, when

carrying out by the fluid bed flow reaction method 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 10 the corresponding amount. [OOS% In the
Pary O\Q/Eefmgﬁlr%eﬁhc%ﬁ]é(’eég%a vB& titactly cHtained Fromt ByEproeided ton, the
g%(eitoge in the Phen(ojl production by the process of producing an
Sikyfated Arsihafic 26mpoundof the pféseht "t5 hveREoR J0bB] TRECtOrs -
Elmene thus gre:c__jparegl merg be utilized as a raw material for production of

SHOI T acBithe. TP E&T bE TREHTT & FECetS ftprodudifg pheRsPle to

omprising the following steps (;';1) to (d) 20 by oxidizing the cumene and
SMPy{Eh 8eE€%mB8§intd?%Ed RHRF, " Gari G it oved ProcesseaThay beinearly

provided. The step (c) is carried out in accordance with the above
L0 {RECESHS PTEaGARG" AR AlRylafeeatBrivatic BENSEEUHEE Theprocksg eover,

comprises: (a) a step of converting the cumene to by oxidization, 26 (b) a
whe B A HiRe Sithghértt ahtiactiessiby beid-geasmbosinge theod or the

cumene hydroperoxide, (c) a step of synthesizing cumene by reacting the
MoVaRGSRS: reacticn method, it is possible to keep the activities

rea

Furf
Y

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.

[0060]

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

(a) a step of converting the cumene to by oxidization,
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generated in the step (b) with hydrogen and benzene, 5 (d) a step of
circulating the cumene obtained in the step (c) to the step (a). EXAMPLE
The present invention is described in more detail with 10 reference to the
examples, but the present invention %ot limited by the examples.
Example 1 [0061] 2. 0 g of a S% Re carbon catalyst (manufactured by

(0) NEChemeat 15:6.) fﬁlgr%%g@&cg%%ﬁtgé%@%ﬁr%%qgggﬁgpc{%%%%osing

after compression molding at 20 MPa, manufac ku sei

the GOmbkid.) W@@Qg@gdﬁ@ggenously, and then fed into a quartz glass
ia

reactor having a diameter of 3 cm and a length of 40 cm and calcined in a

nitro as. stre limi C for. 20 1 hr, and then subjected -
e tog[re%IErcé:3 |on%ﬁ%eatéarrﬁ‘ll;lt-ilrf')tfli%ga{%);L r gzéné%%gestrggm of filcawwing B%Erﬁ/n%ﬁ%?one

rilhr : the hydrogen gas, stream, the temperature was
o ereane T 1o 1500 AT i & Do o O B e G Bcetone
/ (benzene/acetone (molar ratio) = 5/1) was passed through at a rate of
‘) %Bérlﬁ /%nir%)r.!iwaél,'"slfﬂucfthllngg produc E\}\?ascélo BfedBy-Eading &R dutfet J6BB3] <!

to the step (a).

EXAMPLE

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

2.0 gof a 5% Re carbon catalyst (manufactured by NE Chemcat
Co.) and 2.0 g of B zeolite (classified into 250 to 500 n after
compression melding at 20 MPa, manufactured by Shokubai Kasei
Co., Ltd.) were mixed homogenously, and then fed into a guartz
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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5 One to two hours after the reaction start, the resulting product was
analyzed by a gas chromatography. All of acetone was disappeared, and
cumene, m-diisopropyl benzene and E-diisopropyl benzene were
generated in amounts of 95% on the“basis of the amount of acetone fed.
The generation of 10 cyclohexane was not found at all. Example 2 [0064]

(be%z%g@of sa@'e'ser!@n(ﬁi%cl?a%'%“eﬁoCﬁt@JV%t/man#é%gt%%eﬁﬁ%ggl 2id %ﬁ)gg:gt .

0. G-96D, stabilized nickel, supporting amount IS
rd f eglite, were mi homogenouysly, and then fed into g quartz _ .
o reactor haiig & dramstor B Shery A gt o A6 G g oo L0
an &alcined in a nitrogen gas stream of 10 ml/min at 230C for 1 hr, and then
~ subjected to reduction treatment in a mixed gas stream of the same
mo@iﬁtﬁogen of 10 ml/min 20 and hydrogen of 0.93 ml/min at 230C for 1 hr. In
the nitrogen and hydrogen gas stream, the temperature was decreased to

100&;@3@% tfge%ahmixed solution of benzene and acetone _
(benzenelacetone  (mofarratiof= B/ WaSFAs<¥d &4 Fite SHE2 TR 1ng
hrough the reactor. A resultin duct was collected by cooling an 28

= 0q by tOBST GRLAB To RouTs Hier o6 R HGH SEE e rbsditing. acetone

product was anacliyzed by a gas chromatography. Cumene,
s’ dilsappeared, and cumene, m~diisopropyl Dbenzene and

wa
p~diisopropyl benzene were generated in amounts of 95% on the

basis o©f the amount of acetone fed. The generation of

cyclohexane was not found at all.

Example 2

[C064]

1.0 g¢ef a nickel on silica alumina catalyst (manufactured
by Sud Chemie Co. G-96D, stabilized nickel, supporting amount
ofnickeljf;59%)andl.ngﬂfBzeoliteu@renﬁxedkmmmgenously,
and then fed into a guartz 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 230°C for 1 hr, and then subjected to reduction
treatment 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, the temperature was decreased to 1Q0°C,
andtheneamixedsolutioncﬁfbenzeneenxjacetone(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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5 m-diisopropyl benzene and p-diisopropyl benzene weére generated in
amounts of 10% on the basis of the amount of acetone fed. The
generation of cyclohexane was not found at all. Example 3 [0066] 10 The
reaction was performed in the same ranner as Example 1 except that 0.5
% Pt sulfided carbon catalyst (manufactured by NE Chemcat Co.) was
out ¥sed in place of 2.0 g of a 5% Re carbon catalyst (manufactured by NE
Chemcat Co.). [0067] 15 One to two hours after the reaction start, the
{Oog%splting product was analyzed by a gas chromatography. Cumene,
m-diisopropyl benzene and p-diisopropyl benzene were generated in
amounts of 10%, %%du ggclongan%Owas enerated in an amount of 6%,
on the basis of the aMotnt of A8etong fea>20 EXAnidié 4°[0088] TREU1ting
pro irig-:‘uacctionwwass perfoEImed in t%e same manner as Example 1 except that
ihalar CHidlyst (Sbidinable by addingPB to ' PA™GirBER ®BiAlyst  Cumene,
m_dmanufactured géNE Chemcat Co. ) was used in place 29 of 2.0 g of a
504 RBICABon SRS S Asiufcitired By N Chetht&=To. ) §066IFOnEa ted

. to two hours after the reaction start, the resulting
rn amounts of 10% on the basis of the amount of acetone fed. The

generation of cyclohexane was not found at all.
Example 3
[0066]

The reaction was performed in the same manner as Example
1 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-diisopropyl 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 Pd

carbon.catalystxnanufacturedkafNE Chemcat Co.) was used inplace
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5 product was analyzed by a gas chromatography. Cumene, _
m-diisopropyl benzene and p-diisopropyl benzene were generated in
amounts of 10%, and cyclohexane was generated in an amount of 5%,
on the basis of the amount of acetoné fed. Example 5 10 [0070] 1.0 g of a
Co on alumina catalyst (manufactured by Sind Chemie Co. G-62A,

upporti unpt of cabalt is 4Q - 50%) and 1. Q g of R zeolite
o ?élgggif%er}(?%gﬁﬁ ) to 501 Oé}tecragcoarr? r%ési e Hbiding ‘At 96 Mpd'E Chemcat
Co manufactured by Shokubai Kasei Co., Ltd.) 15 were mixed homogenously,
"and then fed into a quartz glass reactor having a diameter of 3 cm anq a

00 th of 40 cm, and then treated in a nitrogen gas stream of 10 ml/min at

{ ?ggc for 1 hr, thereafter subjected to reduction treatment in a hydrogen

as stream of the_ same 10 ml/min at 350C for 1 hr. 20 [0071] In the ‘
Py GHogerT G StdAnH the Termperdtife WA ochSadid: 1 160CS aFeRtAgH "o
a mixed solution of benzene and acetone (benzene/acetone (molar ratio)
pro:lﬁf) WiTHadsbu tHrotgh (R réactdf &t aTAECSPL O FHIARIAY A resdlingne
m dgnoduct was 30 collected by cooling an outlet. [0072] One to two hours

FEP e FRLHORSEAT AR SRt BROLRE WhePaRdgral By zegasnerated

. chromatography. All of acetone .
in amounts of 10%, and cyclohexane was generated in an amount

of 5%, on the basis of the amount of acetone fed.

Example 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,O<gof§32eolite(classifiedintoESO'UJSGOpLaftercompression
molding at 20 MPa, manufactured by Shokubai Kasei Co., Ltd.)
werendxedhomogenously,andthenfed:ﬂﬂx)aquartzglassreactor
having a diameter of 3 cm and a length of 40 cm, and then treated
inesnitrogaqgasstxeam&ﬁ?iOHd/minat:350°Cfor].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 mi/min. A resulting product was
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5 was disappeared, and cumene, m-diisopropyl benzene and
p-diisopropyl benzene were generated in amounts of 95% on the basis of
the amount of acetone. The generation of cyclohexane was not found at
all. [0073] 10 Comparative Example39The reaction was performed in the
same manner as Example 1 except for using only a Re catalyst as a
cor fak I\éség. gowg One to two hours after the reaction start, the resulting 15
product was aﬁﬁgiéigbﬁﬁ Jast*5matography. Cumene was not
erated and only isopropanol was generated. [0075] Comparative
m le 2 The reaction was performed in the same manner as Example
20 1 except for using only (3-zeolite as a catalyst. 0076] One to two hours
after tre Teactich BRIHE thé Fedifiting SroaactwadaRaRséd Hyegagsulting
hromatography. Cumene was not generated, and only trimethyl benzene
ProdnGhedbutritenzene 3 erdierierateBaELampRie [0077] 16 grefetone
5% Re on alumina (catalyst which was prepared
was disappeared, an cumene, m-diisopropyl benzene and

t00

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

[0073]

Comparative Example 1

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

[0074]

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

[0075]

Comparative Example 2

The reaction was performed in the same manner as Example
1 except for using only P-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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5 in accordance with Applied Catalysis A: General 162, PP. 161-169, in
1997 and whose supporting amount of Re is 5%) and 1.0 g of the (3
zeolite were mixed homogenously, and then fed into a quartz glass
reactor having a diameter of 3 cm anda length of 40 cm and dried in a
nitrogen gas stream of 30 ml/min at 350C for 1 10 hr, thereafter subjected
Werto reduction treatment in a hydrogen gas stream of 10 ml/min at 400C for
5 h?.e[aﬁjfg]tﬁfijer that, in the hydrogen gas stream of 3 ml/min, the
Emteggpergture was decreased to 150C, and then a mixed solution 15 of
and acetone (benzene/acetone (molar ratio) = 3/1) was passed
hrough the reactor at a rate of 1.2 ml/min. A resulting liquid product was
difected by cooling an outlet. [0079] Furthermore, the gas collection was
carried out, although 20 it was not carried out in the above examples and
compafatie® BxampleBeome plthfde oursatmt 1es redction stad, theepared
~resulting product was analyzed by a gas chromatography (column for gas
0 SR SHARRIY L RARTRSLRSIIRVAREAN Bo. GRROTRUSED SILICAL-169,
- 50M x 0.32 MM ID COATING AL203/NA2S0O4 DF = SUM, column 32 for
N {qlid phase Whaksis ZREWAX manuiacturedblfy Rhensnienexafo.), AS & of
result, the acetone conversion rate was 97.2, and the selectivity on the
thedasis of acetorerwas] 85%nfarag bydrosarbon: suchasPrRANS, R4 3%uart -
for cumene and 25.9% for
glass reactor having a diameter of 3 cm and a length of 40 cm

(00

and dried in a nitrogen gas stream of 30 ml/min at 350°C for 1
hr, thereafter subjected to reduction treaztment in a hydrogen
gas stream of 10 ml/min at 4C0°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
liquid product was collected by cooling an outlet.

(00797

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 reaction start, the
resulting product was analyzed by a gas chromatography (column
for gas phase analysis: manufactured by VARIAN Cc., PLOT FUSED

SILICA 50M x 0.32 MM ID COATING AL203/NA2S04 DF = 5UM, column
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5 diisopropyl benzene. Example 7 [0080] The reaction anql analysis were
performed in the same manner as Example 6 except for using MCM-22
zeolite (obtainable by 10 compression molding a catalyst prepared
according to VERIFIED SYNTHESESOF ZEOLITIC MATERIALS o
Second Revised Edition 2001, P225, at 20 MPa followed by classification
inta 250 to 500 ) in place of R zeolite. [0081] 15 As a result, the acetone
coir%v 1‘“rlsliécr)lE?gt‘-’le;v\e/ag 986981 drid thie YER cINIR - ai tHe basis BradésRemenex
as, 7.5% for a_hydrocarbon such as propane, 55.5% for cumene ando
©°- 13 8% 0P ori%%BEo}épyl beRzBME "Comparitia Bianpiess 20 fpogd] The, and
reaction and analysis were performed in the same manner as Exanowple 6
thegge fifiat &dpper Chrofite (F18du& nathe: TIIW "elerignt % by hias§or =
Cu 35%, Cr 31%, Ba 2%, Mn 3%, and an atomic ratio of Zn to Cu of O,
Y A AR At tired By SIRFCREMRSES ! , YifasilisetPa3 Grplace ofthie B8 Re for

. ,on alumina and the reduction treatment was carried out at 200C. [0083]
d11AQRTRRH thETH2E6he conversion rate was 95.0%, and

LExample 7

for

[0080]

The reaction and analysis were performed in the same manner
as kExample 6 except for using MCM-22 zeolite (obtainable by
compression molding a catalyst prepared according to VERIFIED
SYNTHESES OF ZEOLITIC MATERIALS Second Revised Edition 2001,
P225, at 20 MPa followed by classification into 250 to 500 L)
in place of B zeclite.

[0081]

As a result, the acetone conversion rate was 85.6%, and
the selectivity on the basis of acetone was, 7.5% for a
hydrocarben such as propane, 55.5% for cumene and 13.8%3 for
diisopropyl benzene.

Comparative Example 3

[0082]

The reaction and analysis were performed in the same manner
as kxample 6 except that cupper chromite (product name: G9%b,
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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5 the large amounts of the hydrocarbon such as propane were
by-produced such that the selectivity on the basis of acetone was, 25.1%
for a hydrocarbon such as propane, 33.2% for cumene and 31.4% for
diisopropyl benzene. 10 INDUSTRIABAPPLICABILITY [0084] The
present invention provides an industrially practical process for producing
in gfa%lléylﬁeg aroma ic compound.in a single reaction step by directly
reacting a kKetone ‘and ar aforiBHe 5 Tath poiind A9SiRG 1RE procasdneis was
cargos@s&bl&}g obtagg]ocumene directly from an acetone by-produced in the
pﬁenol prodﬁ&i %y‘the cumene method. The cumene thus obtained
g.Qoggn be used as a raw material for production of phenol and acetone, and
TC i be used for a process of oxidizing cumene and then decomposing it.
34 CLAIMS 1. A process for producing an alkylated aromatic compound,
whié? pfocdetEtbimpride’ reaetgan GPEMatE compbang, weketdhe @hd and
hydrogen in the presence of a solid acid substance 5 and a catalyst
the corfipESiticiepasinEat 1edst bii hfezardetectat fetbm tite groupane were
consisting of Co, Re, Ni and a platinum group metal. 2. The process for
bY-Brotiitiinan ey &a arshmtie césmpomid accordirptoaains 1o whereinone
the metal is at least one metal selected from the group consisting of Co,
wasF«§$ﬁ}ﬁt§ﬁg 20tptirocarbon such as propane, 33.2% for cumene

and 31.4% for diisopropyl benzene.

INDUSTRIAL APPLICABILITY
(60843

The present invention provides an industrially practical
process for producing an alkylated aromatic compound 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-produced in the phenol production
by the cumene method. The cumene thus cbtained can be used as
a 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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3. The process for producing an alkylated aromatic compound according

to claim 1, wherein the metal is at least one metal selected from the

group consisting of Co, Re and Ni. 4. The process for producing an

alkylated aromatic 15 compound accdfding to any one of claims 1 to 3,
wherein the aromatic compound is benzene and the ketone is acetone. 5.
The process for producing an alke(lated aromatic compound according to

any one of claims 1 to 3, wherein tHe'dofid acid substance is a zeolite
corrlpound. 0 6. The process for producing an alkylated aromatic ‘
compound accgrla?n%et%sang Bhe BF QSIS L8 FTvhéreliy thistsslid canatic
subst ntx@ﬁ, a zeolite compound having 10- to 16-membered oxygen ring

COMBBFES 7 FHE BrEEESERT Hrotbcingh ad/fitdd Aromatens  empdureind,
according to any one of claims 1 to 3, wherein the solid acid substance is

& kL oRSIite D mMyGTERAVInG fOoPTSArittterell D¥gkhdingperasisstance
The process for producing an alkylated aromatic 5 compound according

N3 @ GRY DhETt QEIRS £ 16 3OWREIERT theldulic mdidaribstanceds at leade cted
one zeolite compound selected from the group consisting of P zeolite,

Lrofghg-95 QRBIRS MGrEehite, OZSM-5 Feoliie, ZSMeIR lzdulitaar viypee tal .
zeolite. 9. The process for producing an alkylated aromatic 10 compound
accérding t afly BEe 6EERINS I toBowhereiruthersolid kylated aromatic

compound according to claim 1, wherein the metal is at least one
metal selected from the group consisting of Co, Re, Ni, Pt and
Pd.

3. The process for producing an alkylated aromatic
compound according to c¢laim 1, wherein the metal is at least one
metal selected from the group consisting of Co, Re and Ni.

4. The process for producing an alkylated aromatic
cempound according to any one of claims 1 to 3, wherein the
aromatic compound is benzene and the ketone is acetone.

5. The process for producing an alkylated aromatic
compound according to any one of claims 1 to 3, wherein the solid
acid substance is a zeolite compound.

G. The process for preducing an alkylated aromatic
compound according to any one of claims 1 to 3, wherein the solid
acid substance is a zeolite compound having 10- to lé-membered
oxygen ring pores.

7. The process for producing an alkylated aromatic
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acid substance is at least one zeolite compound selected from the group
consisting of Q zeolite and MCM-22 zeolite. 10. The process for producing
an alkylated aromatic compound according to claim 1, wherein the
catalyst composition 15 comprises aZarrier supporting at least one metal
selected from the group consisting of Co, Re, Ni, Pt and Pd. 11. The _
Comgrocess for producing an alkylated aromatic compound according to claim

BHRheTEIRthE trstdt fs 2t 1o Q8K dive Metalrselécted fomithe gisuphe solid
.consisting of Co, Re and Ni. 20 12. A process for producing a phenol,

BCLETUPEIoERSE domprieesiia) SEPHOTEHRVERIGEMENe %6 cufmemenbered

hydroperoxide by oxidation, (b) a step of synthesizing phe_nol and
OXYHEEtohe By 36 Hef-decomposing the cumene hydroperoxide, (c) a step of

synthesizing cumene by reacting the acetone generated in the step (b) .

withthydrogeh and Benzérse, fand B td)cstep of eircutdtinglthegimenenat ic

obtained in the step (c) to the step (a), wherein the step (c) is carried out
COMBPAELDRIGREE WithdtHeoprocess a9 Elaiivetris claim B, wherein the solid
acid substance is at least one zeolite compound selected from
the group consisting of B zeolite, MCM-22 zeclite, mordenite,
4SM~5 zeolite, Z8M-12 zeolite and Y type zeolite.

9. The process for producing an alkylated aromatic
compound according to any one of claims 1 to 3, wherein the solid
acid substance is at least one zeolite compound selected from
the group consisting of B zeolite and MCM-22 zeolite.

10. The process for producing an alkylated aromatic
compound according to claim 1, wherein the catalyst compesition
comprises a carrier supporting at least one metal selected from
the group consisting of Co, Re, Ni, Pt and Pd.

11. The process for producing an alkylated aromatic

compound according to claim 10, wherein the metal is at least

cne metal selected from the group consisting of Co, Re and Ni.

12. A process for producing a phencl, which process
comprises:
(a) & step of converting cumene to cumene hydroperoxide

by oxidation,

(o) a step of synthesizing phenol and acetone by
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acid-decomposing the cumene hydroperoxide,

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



