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SF-1827 1 DESCRIPRTION PROCESS FOR PREPARING ALKYLATED
sr-ARQMATIC COMPOUND TECHNICAL FIELD 5 [0001] The present
invention relates to a process for preparing the corresponding alkylated
aromatic compound by reacting an aromatic compound with a ketone and
hydrogen. More particularly, the present invention relates to a process in

which cumene is prepared in a single reaction step in a high yield using a
solid acid substance 10 and B%@%wmsition containing Cu and Zn
as catalysts and using acetone, benzene and hydrogen as starting

mateFESCBATC KER GERIDRRE [HEEA PO brepaiHg Tittene

by reacting benzene 15 with propylene, a process for preparing cumene
hydroperoxide by oxidizing cumene and a process for preparing phenol
and acetone by acid decomposing cumenehydroperoxideare publicly
TECHMhHw: didBhrocess combining these reactions is a phenol preparation
process generally called a cumene process. At present, this cumene
prod€sPislthe 20 rilimshease ot tHephaholprepakatic's piccass f0063]s for
This cumene process is characterized in that acetone is simultaneously
pregrodogethantthis padvantagedus. when aceterie. is peededrat the sanw: 1ng
time, but this is economically disadvantageous when acetone is in
an aexoess. d benpinuorderitolead 8182902 hydregen. More particularly,
the present invention relates to a process inwhich cumene is prepared
in a single reaction step in a high yvield using a sclid acid substance

and a catalyst composition containing Cu and Zn as catalysts and using

acetone, benzene and hydrogen as starting materials.

BACRKGROUND ART

[0002] Aprocess for preparing cumene by reacting benzene
with propylene, a process for preparing cumene hydropercxide by
oxlidizing cumene and a process for preparing phenocl and acetone by
aciddecomposingcumenehydroperoxidearepublicly known, andaprocess
combining these reactions is a phenol preparation process generally
called a cumene process. At present, this cumene process is the
mainstream of the phencl preparation process.

[0003] This cumene process is characterized in that
acetone 1s simultanecusly produced, and this is advantageous when
acetone is needed at the same time, but this is economically

disadvantageous when acetone is in excess. Then, in order to lead
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a difference in price between an olefin as a raw material and a ketone

g - Preduced simultaneously to an advantageous direction, there has been
proposed, for example, a process inawhich secondary butylbenzene
obtained from n-butene and benzene is oxidized and acid decomposed 5
to obtain phenol and methyl ethyl ketone at the same time (see patent
document 1 and patent document 2). In this process, however, the

a digéleraivie ofithie dirrctssecontary buibenzere hydroperoXide obfainsgtone
by the oxidation of secondary butylbenzene is only about 80%, and in

procadeition] ot lessathan 6% cfraestophbavaels foimedti®as alside has been
product. Therefore, this process is inferior, as the phenol preparation

proyreedss, fothe:cumene progessipyielth [0004hFurther;dhere has peesnzene
also proposed a process in which cyclohexylbenzene obtained from

obt ayckahekene andibenzernenis loxidized ard agidddecamposestocobtainmposed
phenol and cyclohexanone. In 15 this process, phenol is obtained by

to ctehkydrogenating themesulfing: idyglohexanene;sorthatformatien okas patent
ketone as a side product can be avoided formally. In this process,

dociheavever, thelyield ef theiaimedneycohexylbenzenedysreperoxideever, the
obtained by the oxidation reaction of cyclobenzene is much lower, and its

seldngustrialvalpedsdow i 28 0GRS LAGCETdiIRGlY, Inerderte aveldreblemsie
of propylene that is a raw material and acetone that is produced

obtSiMylaneously while maintainingan aevaniage: ef the-eumeneiprasess about
wherein the yields of oxidation and acid decomposition are highest, there

BO% Jgaa/@cbqen PAGRAeseGProcessesdn whigh aceione simuiapeeuslySk=1827 ned
as a side product. Therefore, this process is inferior, as the phenol
preparation process, to the cumene process in yield.

00047 Further, there has been also proposed a process
in which cyclchexylbenzene obtained from cyclohexene and benzens is
oxidized and acld decomposed 1o obtain phenol and cyclohexanons. In
this process, phencl is obtained by dehydrogenating the resulting
cyclohexanone, so that fermation of a ketone as a side product can
be avoided formally. 1Inthis process, however, the yield of the aimed
cyclohexylbenzene hydroperoxide obtained by the oxidation reaction
of cyclobenzene is much lower, and its industrial value is low.

[0005] Accerdingly, in order to avold problems of
propylene that is a raw material and acetone that is produced
simultaneously while maintaining an advantage of the cumene process

wherein the yields of oxidation and acid decomposition are highest,

there have been proposed processes in which acetone simultaneocusly
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produced is recycled as a raw material of the cumene process by the use
sr-1af yarious methods. Acetone can be readily converted into isopropanol by
hydrogenation, so that a process in which isopropanol is further subjected
to dehydration reaction to convert it into 5 propylene, then the propylene is
reacted with benzene to obtain cumene and the propylene is recycled as
a raw material of the cumene process has been proposed (see patent
PTod¥s@iment 3 thighrotess; Howeler Linkre Is droblBrithattheawd by the
steps, i.e., a hydrogenation step and a dehydration step are further
use raguiredl 100066 AEEordihghE @ processhn witehlisapropanel bbtainedo
by hydrogenation of acetone is directly reacted with benzene to obtain
Lsorrnene hay beehpoposetoses patbat documentss andWateht 1 sopropanocl
document 5) Especially in a patent document 6, there has been described
is fapdeessintwkicheatetonesimdhtaneouslyprodiced g0l 5 convertettintoto
isopropanol, then the isopropanol is reacted with benzene to obtain
prowumene, anthusirgrthercuimene, phenolispreparéd: nrethistprobess, n cumene
however, a hydrogenation step is required in addition to the original
and chmeneprdeeass. {60074 yn betitrtastwithwthe above | asfa fitecessdnavhichcess
20 acetone simultaneously produced is recycled without increasing the

has hemberabsteps obthe conventinnalcumeng process; that is; @ prgceswdner,
which acetone is directly reacted with benzene, there has been disclosed

thewepiocessfosipreparing an-alkylated arematicicampoundy €osRisingon step
reacting an aromatic compound with a ketone and hydrogen SF-1827 4
and a dehydration step are further reguired.

[0006] Accordiﬁgly, a process in which isopropanol
obtained by hydrogenation of acetone is directly reacted with benzene
to obtain cumene has been proposed (see patent document 4 and patent
document 5). Especially in a patent document 6, there has been
described a process in which acetone simultanecusly produced is
converted into isopropancl, then the isopropanol is reacted with
benzene to cobtain cumene, and using the cumene, phencl is prepared;
In this process, however, a hydrogenation step is required in addition
to the original cumene process.

{10007 In contrast with the above, as a process in which
acetone simultanecusly produced is recycled without increasing the
number of steps of the conventional cumene process, that is, a process
in which acetone is directly reacted with benzene, there has been

disclosed a process for preparing an alkylated aromatic compound,

comprising reacting an aromatic compound with a ketone and hydrogen
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in the presence of a solid acid substance and a catalyst composition

- £oRtaining copper (see patent document 7) . As the Cu-based reduction
catalyst in the examples, however, a;Cu-based catalyst containing, as a
second component, Cr or Al and a slight amount of Zn is only 5 disclosed.
Further, it is described that zeolite can be used as the solid acid
substance, but (3-zeolite is only disclosed in the examples. The present

in tipwanterssuseddheacopperchromiambeatatyst intHesexatples tandmposition
chabazite as the solid acid substance, but cumene was not formed

contdrtoalyy Maoreevefsampnyzenlites;thene is)one having hudhesmalterd@tion
pore diameters as compared with molecular diameters of benzene or

catauysener(nonspatentgoesmantvd);so, thatdtisireaddy qrestumed thattthening,
reaction itself is impossible with such a catalyst. As described above,

as dosmatiod cicumene is not-satisfactarnydn dhe casaof ansolict acfdzn is only
substance different from the examples. As a result of actual 15 inspection

disdiytheqresentineentars, ashydeonarben derivedfeamacetene is-formaedaas the
a side product by any of the above catalysts, and the processes proved to

solhedmsatisfactoryas induspialoreduction progesses: Jhatista gay. thepies.
selectivity of cumene is extremely low in the case of the conventional

The gatysts.;and the industrial 20 deyel hasnetheenreachedat all cRateRtmp1es
document 1: Japanese Patent Laid-Open Publication No. 91972/1982

and Ratem docurpent 2. U.S. Rre Grant RatentNa., 0}3@@4&%@9@4‘@5 AERE formed
document 3: Japanese Patent Laid-Open Publication No. SF-1827 5

virtually. Moreover, amongzecllites, thereisonehavingmuchsmaller
pore diameters as compared with molecular diameters of benzene or
cumene (non-patent document 1), so that it is readily presumed that
the reaction itself is impossible with such a catalyst. As described
above, formation of cumene is not satisfactory in the case of a solid
acid substance different from the examples. As a result of actual
inspectionbythepresent inventors, ahydrocarbonderived fromacetone
is formed as a side product by any of the above catalysts, and the
processes proved to be unsatisfactory as industrial production
processes. That is to say, the selectivity of cumene is extremely
low in the case of the conventional catalysts, and the industrial
level has not been reached at all.

Patent document 1l: Japanese Patent Laid-Open Publication No.
91972/1982

Patent document 2: U.S3. Pre Grant Patent No. 0162448/2004

Patent document 3: Japanese Patent Laid-Open Publication No.
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174737/1990 Patent document 4: Japanese Patent Laid-Open Publication
a7 N 7231442/1990 Patent document 5: Japanese Patent Laid-Open
Publication No. 5 35497/1999 Patert document 6: National Publication of
International Patent No. 523985/2003 Patent document 7: National
Publication of International Patent No. 513116/2005 10 Non-patent
document 1: ZEOLITES, Vol. 4, pp. 202-213, 1984 DISCLOSURE OF
174713HEZ IRYENTION PROBLEM TO BE SOLVED BY THE INVENTION
[0008] Accordingly, in order to directly react acetone 15 with benzene to
obtdin ctinteties develogment of aarovel datalyst systeiysof Righer agtivity: No.
and higher selectivity has been desired. MEANS TO SOLVE THE
231PROBEEM [0009] The present inventors have earnestly studied in 20
order to solve the above problems, and as a result, they have found that
by Using, rers datalysts; & solid eeid: sebstarncetand aleatatystPobmpositiom No.
containing specific metals in a specific quantity ratio and by using a
354 W@rdriesuch as acetone, an aromatic compound such as benzene and
hydrogen as starting materials, the corresponding SF-1827 6 alkylated
arornatie compaunchsuchias:-cumnene isohtaied incg single-teacton steprent

in a high yield. Further, they have found that formation
No. 523985/2003
Patent decument 7: National Publicationof International Patent

No. 513116/2005

Non-patent document 1: ZEOLITES, Veol. 4, pp. 202-213, 1584

DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0008] Accordingly, in order tc directly react acetone
with benzene to obtain cumene, development of a novel catalyst system

of higher activity and higher selectivity has been desired.

MEARNS TQO SOLVE THE PROBLEM

[0009] The present inventors have earnestly studied in
order to solve the above problems, and as a result, they have found
that by using, as catalysts, a solid acid substance and a catalyst
composition containing specific metals in a specific quantity ratio
and by using a ketone such as acetone, anh aromatic compound such as

benzene and hydrogen as starting materials, the corresponding
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of a hydrocarbon as a side product is extremely little. [ 0010] That is to
sp-Bayythe present invention is a process 5 for preparing the corresponding
alkylated aromatic compound, comprising reacting an aromatic
compound with a ketone and hydrogen in the presence of a solid acid
substance and a catalyst composition containing Cu and Zn in a ratio of
Zn to Cu ranging from 0.70 to 1.60 (atomic ratio) . The present invention
alkyd afss! afprateissTor preparig To-pherols ebRiptisigthe FoNGRiNg stefs na e
of: (a) a step of oxidizing cumene to convert it into cumene
readfyidroperexite a(b) arstEpetiacid dscornpoding thetanmenahydropéroxias Lon
to synthesize phenol and acetone, 15 (c) a step of reacting the acetone
of Fohwmeddinihestepfbpwithdbenzenei s syathesizeengmend ahdgd) a step
of recycling the cumene obtained in the step (c) to the step (a), wherein
the 6863 (d) is carrigthoutiin accotdancewith tser20iaforesaidprocesy forcess
preparing the alkylated aromatic compound. EFFECT OF THE
for INMENTION [0041FAccerdingdatie plesarnt indertiomaising ackegtoned,
such as acetone, an aromatic compound such as benzene and hydrogen
comBR-4827 Teaststadingnateriats; thewarresponding alkytated aramatigdrogen
compound such as cumene can be obtained in a single reaction step in a
in thighereyield:cTherefere] inlaptotessior pteparing pheaokby theccumene tion

containing Cu and Zn in a ratio of Zn to Cu ranging from C.70 to 1.460
{atomicratio}. Thepresent invention is alscaprocess for preparing
phenol, comprising the following stéps of:

(a) a step of oxidizing cumene to convert it into cumene
hydropercxide,

(b) a step of acid decomposing the cumene hydroperoxide tc
synthesize phencl and acetone,

(c) a step of reacting the acetone formed in the step (b) with
benzene to synthesize cumene, and

{(d) a step of recycling the cumene obtained in the step (c)
to the step (a},

wherein the step (¢) is carried cut in accordance with the

aforesaid process for preparing the alkyvlated aromatic compound.

EFFECT OF THE INVENTION
(00117 =Accordingtothepresentinvention,usingaketone

such as acetone, an aromatic compound such as benzene and hydrogen
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process, acetone that is simultaneously produced can be reused more 5
sr-1@ffieiently. Moreover, the process of the present invention is an
epoch-making technique such that there is no difference in quality
between the resulting cumene and cumene obtained from propylene or
isopropanol and benzene, so that phenol can be prepared extremely
advantageously from the viewpoints of process and economy. 10 BEST
as s MODEFORIEARR FINGOUT TR MNVENT FON {00 T2 A tRBdE AGtpATEIOUNd
the present invention, a solid acid substance and a catalyst composition
suchcamtainiren€ucandzn dhvta katel o7/ t6 10 Han g ronT0SIG R 16 higher
(atomic ratio) are used. 15 In the present invention, the above two
yielcbmptments have cnlydorbeassetl, famd theeprthod afhailigind thémdshotene
specifically restricted. That is, acid catalyst component that is the solid
procacid subistance ahd thescatatysticomposifioncormporentsontaining aed more
least Cu and Zn may be physically mixed on a catalyst particle level of
ef ficentiméter 20isize;oe aftertthey aredinely dividedrardymixed, theresoltings an
mixture may be molded into catalyst particles of centimeter size, or the
epoctatalyst aampositidnrcempenenteantairing Metals may Be-suppoitedgoality
the acid catalyst component that is used as a carrier, or contrary to this,

betyberacid catalyst companeniiaay:he supporedornthescatatyst SFe}82£8e or
composition component containing metals that is used as a carrier. [0013]

isopladBafresentinventieneif isinpagantfrons the-yiewpoints:phastivibkandmaly
selectivity that the metal quantities

advantageously from the viewpoints of process and economy.

BEST MODE FOR CARRYING OUT THE INVENTION

[0012] In the reaction of the presenf invention, a solid
acid substance and a catalyst composition containing Cu and Zn in
a ratio of Zn to Cu ranging from 0.70 to 1.60 (atomic ratio) are used.
In the present invention, the above two components have only to be
used, and themethod of utilizing themis not specifically restricted.
That is, acid catalyst component that Is the solid acid substance
and the catalyst composition component containing at least Cu and
Zn may be physically mixed on a catalyst particle level of centimeter
size, or after they are finelydivided andmixed, the resultingmixture
may be molded into catalyst particles of centimeter size, or the
catalyst composition component containing metals may be supported
on the acid catalyst component that is used as a carrier, or contrary

to this, the acid catalyst component may be supported on the catalyst
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in the catalyst composition containing Cu and Zn are such that the 5
sr-1afemic ratio of Zn to Cu is in the range of 0.70 to 1.60. [0014] If the atomic
ratio is less than 0. 70, the activity and the selectivity are insufficient, and
if the atomic ratio exceeds 1.60, the activity is insufficient. The atomic
ratio is preferably in the range of 0.80 to 1.50. The content of Cu is in the
range of 10 preferably 5 to 55%, more preferably 10 to 50%. If the amount
compsts Culthat $9aR A Ve spatinblisngonaiall 2 ldrge daalgicdamountcarrier.
becomes necessary, and the reactor also becomes excessive, so that the
cost of églipment isthigheresifting in pooeecoromy 1if the domtent shCuf rom
is too large, a proper atomic ratio of Zn to Cu cannot 15 be maintained.
the [GEME]With segaebtoithetgonuitions. ettierthany thea gudrsityartadid ghZnttoties
Cu, methods and conditions disclosed in the patent document 7 can be
in tulizettialthe prooessoftherpresentinventiofi: EordeXamgpte, withiregand the
to a process for preparing the catalyst 20 composition containing Cu and
atondm, othel components, tilizationnmettwod; aspecitic ekaitiples of the solid
acid substances, use method, etc., methods, conditions, etc. disclosed in

the above documenticandet wtilizeda {001 6k Farsexample; the catadystrivity
composition containing SF-1827 9 Cu and Zn may contain other metals

and withindilits not detimentad ta Aheiehject efithe presentinvention: apd xceeds

examples of the other metals include Al and Fe. In the case where the
1. 60catalyst COMRASIIONCORIAF i cient. The atomic ratic is preferably
in the range of 0.80C te 1.50. The content of Cu is in the range of
preferably 5 to 55%, more preferably 10 to 50%. If the amount of
Cu that is an active species is too small, a large catalytic amount
becomes necessary, and the reactor also becomes excessive, so that
the cost of equipment is high, resulting in poor economy. If the
content of Cu is too large, a proper atomic ratio of Zn to Cu cannot
be maintained.

[0015] With regard to the conditions other than the
guantity ratio of 7Zn to Cu, methods and conditions disclosed in the
patent document 7 canbeutilizedin theprocessof thepresent invention.
For example, with regard to a process for preparing the catalyst
compositioncontainingCuandZn, cther compeonents, utilizationmethod,
specific examples of the solid acid substances, use method, etc.,
methods, conditions, etc., disclosed in the above document can be

utilized.

[0019) For example, the catalyst composition containing
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these metals, the quantity ratio of them to Cu is not more than 10% 5 by
- Weight. [0017] In the catalyst composition containing Cu and Zn in the
present invention, Cu and Zn may have any structure, but it is preferable
that Cu and Zn are each contained in the form of a metal oxide. When
other metals are contained, those metals also are each 10 preferably in
the form of an oxide. Although the process for preparing the catalyst
Cu sgompositon dsmbt specificatlyrestricted L el cathlystt compositon caerie L to
prepared by, for example, a wet process. Examples of the wet processes
the imefirde-arfimipeegnationtprocesstantha coxprecipitation procéssoOfthesetals
the co-precipitation process 15 is preferable from the viewpoint that high
inclactiwipylismbnedi j00:8} fAs:=thocatalyst preparatiarcprogessiisingthe: ains
co-precipitation process, there can be specifically mentioned, for
theexamplke] a, process.eemptiging biingity anagueods solution thatis ehan 10%
mixture of aqueous solutions of acid salts of metallic elements 20 such as
by wepPet,.zinc and iron into contact with an aqueous solution of a basic
compound to give a precipitate, washing/recovering the precipitate, drying

the [ecavered precipitate anshthen ealcining the rdried praduct: The acidnd zn
salts of metallic elements are not specifically restricted provided that

in oxidesof metallic.elements Sh-1821 19 aLe, givenby.drying/caleining aur 1t

precipitate obtained by the reaction of the acid salts with a basic

is pRPROURde BxamMples 0iSuch Acdsalis dncludenitiale, sHiaR ARG 4 metal
hydrochloride. Examples of the basic
oxide. When other metals are contained, those metals alse are each
prefeﬁablyinthejknyxofanoxide. Although the process for preparing
the catalyst composition is not specifically restricted, the catalyst
composition can be prepared by, for example, a wet process. Examples
of the wet processes include an impregnation process and a
co-precipitation process. O0f these, the co-precipitation process
is preferable from the viewpoint that high activity is obtained.
[0018] As the catalyst preparation progcess using the
co-precipitation process, there can be specifically mentioned, for
example, & process comprising bringing an agqueous solution that is
a mixture of aguecus solutions of acid salts of metallic elements
such as copper, zinc and iron into contact with an agueous sclution
of a basic compound to give a precipitate, washing/recovering the
precipitate, drying the recovered precipitate and then calcining the

dried product. The acid salts of metallic elements are not

specifically restricted provided that oxides of metallic elements
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compounds which are brought into contact with the acid salts of metallic 5

57— 1elements include carbonates of alkali metals or alkaline earth metals and
bicarbonates thereof. [0019] The method to bring the aqueous solutions of
acid salts of metallic elements into contact with the aqueous solution of a
basic compound is not specifically restricted provided that pH 10 of an
agueous solution obtained by the contact of them can be controlled to be

are 41 His ragE B 690 9 Exaiiplesiot saehme ot ichided iethsdrsection
mixing the aqueous solution of a basic compound with the aqueous

of tBplaHeRs of acidsdis of MctalliCersments at Hresarrestiffe S'echethod Bf1ts
adding an aqueous solution that is a mixture of the aqueous 15 solutions

inclgfgcitisalesof niataliie eteArehts 16 theakpieods solliienrefs basiche basic
compound, and a method of adding the aqueous solution of a basic

compsompeund to a:selutionahatis tomixtarecofthé agheous salationso diatill L ic
salts of metallic elements. The temperature to bring the aqueous

e lensplotonsafuaei d-salts>obimetaliic lémentssnto.contagt 28 witke therth metals
agueous solution of a basic compound is not specifically restricted

and provideésbthetdhe tempereture is in the range of about 10 to about 80C.
[0020] The precipitate obtainedby reactingthe acid salts of metallic

elernents with the basicroontpaund isndrashedawithuwates SE182/1% @f acid
temperature of usually room temperature to 50C and then dried by air or

saltB affinefrt gas atmosphere at arfemperature-ohabout-1H0 dgkes. Aftettion
drying, the dried product is calcined, whereby the

of a basic compound is not specifically restricted provided that pH
of an aguecus solutionobtained by the contact of themcan be controlled
to be in the range of 6 to 9. Examples of such methods include a
method of mixing the aguecus soluticn of a basic compound with the
agueocus solutions of acidsalts of metallic elements at the same time,
amethod of adding an agueous sclution that is a mixture of the aqueocus
solutions of acid salts of metallic elements to the aquecus solution
of a basic compound, and a method of adding the agueous solution of
abasiccompoundtoasoluticnthat isamixtureof the agueous solutions
of acid salts of metallic elements. The temperature to bring the
agqueous solutions of acid salts of metallic elements into contact
with the aguecus solution of a basic compound is not specifically
restricted provided that the temperature is in the range of about
10 to about 80°C.

[0020] Theprecipitate cbtainedbyreactingtheacidsalts

of metallic elements with the basic compound is washed with water
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catalyst of the present invention can be obtained. The calcination 5 can be
sr-16arted out at a temperature of about 200C to 470C. The calcination
temperature is preferably not higher than 450C. A calcination temperature
of not lower than 300C is preferable because decomposition of the
precipitate is sufficiently carried out. The calcination is usually carried out
in the presence of air or an inert 10 gas. [0021] The catalyst after
at achiciration ¢an bé ussebfol iFe rEataPasitisrbut it i8@lSopossiblentivitied
the catalyst after calcination is treated with a reducing gas such as
by ahydfogenortarben tnvroxddadsallieid phasetorpgasphaseandithen 100
used for the reaction. 15 [0022] The catalyst composition containing Cu
to 18AdZn idfubjedtad totabileemaking molding riextrasiohmdldingarby the
then used for the reaction, or it can be supported on a ceramic carrier
catasystt as mulite e sondieritecasilica clothha sporgyneetal Sitered cination
porous plate or the like to form a honeycomb catalyst and then used 20
can foe the reaetiom{0028] T hescatalyst compdsiticrocantaiing Co ahidiZn is The
sometimes enhanced in activity or selectivity by adding metal salts, such
calcds PbSO4 reeClrand SNCI2, plkalimetdls such asiKrand Nasor alkalic. a
metal salts, BaSO4, or the like, and therefore, they may be added

calShat82hIZ2miaen teeassary. {0024 1 he shaimofthe eatalystanle because
composition containing Cu and Zn is not specifically restricted, and any of

deccdphgficalon of the precipitate is sufficiently carried out. The
calcination is usually carried out in the presence of air or an inert
gas.

regzu] The catalyst after calcination can be used for
the reactionas it is, but it is alsc possible that the catalyst after
calcination is treated with a reducing gas such as hydrogen or carbon
monoxide inaliquidphase or a gas phase and then used for the reaction.

[0022] The catalyst composition containing Cu and Zn is
subjected to tablet-making molding or ex’txusion molding and then used
for the reaction, or it can be supported on a ceramic carrier such
as mullite or cordierite, a silica cloth, a spongy metal sintered
porous plate or the like to form a honeycomb catalyst and then used
for the reaction,

[0023] The catalyst composition containing Cu and Zn is
sometimes enhanced in activity or selectivity by adding metal salts,

such as PbS0,, Fell, and SnCl,, alkalimetals such as Kand Na or alkali

metal salts, BaS0s, or the like, and therefore, they may be added
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cylindrical, extruded and crushed shapes is available. The size of 5 its
SE- ?gl tiFIe is in the range of 0.01 mm to 100 mm and is selected according
o the size of the reactor. [0025] The solid acid substance for use in the
present invention is a catalyst having a function as an acid and has only
to be a substance that is generally called a solid acid. As such 10 a solid
acid substance, zeolite, silica alumina, alumina, sulfur ion-supported
wherzircenias 3¥03-supported zirconia or the like is employable. [0026] In
particular, a zeolite compound that is an inorganic crystalline porous

comjpingl composed ofsikeen and akimindm y1% isanpreierredreatalysiining
from the viewpoints of heat resistance and selectivity of the desired

Cu gumene.As the zeplileicompoundra Zeelite: eampoundhgving agb=tdcal,
16-membered oxygen ring is employable. [0027] Examples of the zeolite

cylcempauds Bavingiad G i Lermemberadipxygen ring include ferreres i ze of
heulandite, ZSM-5, 20 ZSM-Il, ZSM-12, NU-87, Theta-1, weinebeneite, X

its yRE&tY BiRe,\JSYh type, merdenite-type; dealurninated merdenite ypes (3cted
type, MCM-22 type, MCM-36, MCM-56 type, gmelinite, offretite, cloverite,

accdFi13.and,UTR: 1. {0028] Ot the zeqlite ¢empounds, those having pores

of SF-1827 13 similar diameters to the molecular diameters of cumene

are preferable, andq preferred strucfureids apore constifuied by b2 present

oxygen atoms, that is, a pore of a 12-memebred oxygen ring. Examples
inv@hine zeglite, catalyst having a function as an acid and has only
to be a substance that is generally called a solid acid. As such
a solid acid substance, zeolite, silica alumina, alumina, sulfur
ion-supported zirconia, WOs~supported zirconia or the like Iis
emplovable.

[0026] In particular, a zeolite compound that is an
inorganicorystalline porous compoundcomposedof siliconandaluminum
is a preferred catalyst from the viewpoints of heat resistance and
selectivityof thedesiredcumene. 5Asthe zeolite compound, a zeolite
compeund having a 10- tc lé-membered oxygen ring i1s emplovabkle.

L0027} Examples of the zeolite compounds having a 10-
to lé-membered oxygen ring include ferrierite, heulandite, ZSM-5,
Z5M-11, Z8M~-12, NU-87, Theta-1, weinebeneite, X type, Y type, USY
type, mordenite type, dealuminated mordenite type, P type, MCOM-22
type, MCM-36, MCM-56 type, gmelinite, offretite, cloverite, VPI-5

and UTD-1.

[0028] Of the zeolite compounds, those having pores of
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compounds having a structure of a 12-membered oxygen ring include 5 Y

sF-1type, USY type, mordenite type, dealuminatedmordenite type, (3 type,
MCM-22 type, MCM-56 type and Z$SM-12. An example of the zeolite
compound having a 10-membered oxygen ring structure includes ZSM-5.
[0029] From literature on alkylation of benzene by propylene that is an

. .analogous reaction (e.g., US 4992606, US 5453554, 10 Erdoel Erdgas

S lm”‘kﬁEléﬂ@?@&?l@W? sl prestifettiiat (S fipe: MEMIypeaRderable,
MCM-56 type are particularly preferred structures. With regard to (3 type

and angREM-IZ it IS HesETSed n HiterattrE Hist MEM D 1Y a ttesidiserisr tans -
(3 type in catalytic activity and selectivity of cumene (e.g., US 5453554) ,

thatpydit & deseried iottErHRcIAELIRS TSR there iHfardifferefice e zeolite
between them in performance (e.g., Journal of Catalysis, 191, 163-173,

Compppurls sbarand diffeFence i superidrity o fifeAGAE vstadledr g thaclude
prior techniques, there is no description on the formation of a

Y tyibydrogarbppethatisddetrimentakto @eehomical efficiencig rantkittigpe ,  type,
astonishing that the 20 reaction to produce propane by further

MCM -Ryidrotpendiitig-propape Ethat & pidducéd withmep Ca catdlystdr the e compound
presence of acetone is inhibited depending upon the type of the acid

havigatalyst Further fecannotybe expegted: atalt that thednhibitiorz.effects of
MCM-22 and MCM-56 are greater. The compositional ratio of silicon to
alumiruirf lin these Sfet827 <l zeolite compoundsis imthef rangezeh2/1oy
to 200/1, and particularly from the viewpoints of activity and heat stability,

propyisindhenrange aaf prefergblybieta-tQ0l.(e.g., US 4992606, US 5453554,

Erdoel Erdgas Khole, 113, 84, 1997), it is presumed that B type, MCM-22
type and MCM-L6 type are particularly preferred structures. With
regard to P type and MCM-22, it is described in literature that MCM-22
is a little superior to § type in catalytic activity and selectivity
of cumene (e.g., US 5453554), but it is described in other literature
that there is little difference betwsen them in performance (e.qg.,
Journal of Catalysig, 191, 163~173, 2000), so that a difference in
superiority or inferiority is not clear. In the prior techniques,
there is no description on the formation of a hydrocarbon that is
detrimental to economical efficiency, and it is astonishing that the
reaction to produce propane by further hydrogenating propanol that
is produced with a Cu catalyst in the presence of acetone is inhibited
depending upon the type of the acid catalyst. Further, it cannot
be expected at all that the inhibition effects of MCM-22 and MCM-56

are greater. The compositicnal raticof silicon to aluminum in these
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[0030] Further, so-called isomorphous substituted 5 zeolite wherein
sp—{etals other than aluminum, such as Ga, Ti, Fe, Mn and B, are
substituted for aluminum atoms corfained in the zeolite skeleton is also
employable. [0031] The shape of the solid acid substance is not
specifically restricted, and any of spherical, cylindrical, extruded 10 and
crushed shapes is available. The size of its particle is in the range of 0.01
zeomretee0panntiandsisiseleoted aceordingtoltheosizelofl thendactort [R0G2)r Ly
It is also possible that the catalyst composition containing Cu and Zn is
frorgupported-pr antacidfcatalystiay acdriier 15 that isthe sdlidiacith the range
substance. Specifically, the catalyst composition can be supported by a
of pmethedahlwhichlthecadid €atalyst is impregnated with an aqueous
solution of nitrate of the metals and then calcined, a method in which
thesemgtals are bandedhta-gorganicahotetules-calted igands:te pitepared
complexes in order to make the 20 metals soluble in an organic solvent

zeo Bikthehacid:catalyst is; iswpregnatec with.an erggniesolvest aad then re, un
calcined, a method of vapor deposition because some complexes are

and V@paiizedsupder Yagudn: oetc Mereover alseadoptableisa in the zeolite
coprecipitation process in which synthesis of a carrier and supporting of

skelaetals ake sagied:Qut SFa1827 15 simultaneously by allowing a metal
salt that becomes the catalyst composition containing Cu and Zn to

ggﬁm@w}en an acigheatghstais gbtainediramdihe correspondingdnetal oo«
specif.ically restricted, and any of spherical, cylindrical, extruded
and crushed shapes is avallable. The size of its particle is in the
range of 0.01 mm to 100 mm and 1s selected according to the size of
the reactor.

[003Z] It is also possible that the catalyst composition
containing Cu and Zn is supported on an acid catalyst as a carrier
that is the solid acid substance. Specifically, the catalyst
composition can be supported by a method in which the acid catalyst
is impregnated with an aqueous solution of nitrate of the metals and
then calcined, a method in which these metals are bonded to organic
molecules called ligands to prepare complexes in order to make the
metals soluble in an organic solvent and the acid catalyst is
impregnated with an organic solvent and then calcined, a method of
vapor deposition because some complexes are vaporized under vacuum,

atc. Moreover, also adoptable is a coprecipitation process in which

synthesis of a carrier and supporting of metals are carried out
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[0033] The ratio of the catalyst composition containing 5 Cu and Zn to the
sw-180lig acid substance is in the range of usually 0. 001 to 10, preferably
0.01 to 2, in terms of mass ratio of Csl to the solid acid substance. [0034]
When the present invention is carried out, it is desirable to dehydrate the
solid acid substance and the catalyst 10 composition containing Cu and
Zn by a publicly known method. In the case of a fixed bed reaction
simudySBhAt HRe Cataly3t aAd the cocitalyst wré ehatgedhn erectérangatalyst
maintained at a temperature of not lower than 300C for not shorter than
compet Hihttes Withapdssing @n ieft §as tsudag hitfoglsbrHelive thiotghl yst
the reactor. In order to allow 15 the catalyst composition containing Cu
is obivg Zretd dxhibit Hetivieyr hesivieht irg amstiesaim ©8 Hydrogen can be
carried out after the dehydration treatment. [0035] Examples of methods
to dHidige Jproper spécies=ofi catdlysts inordéresrrespondinglptothetaining
stage of the reaction include 20 (1) a method in which the solid acid
Cu asdibstance-ardsthéichtatyst cobposition Containing trrenmetaiswereahixed . 001
and the mixture is charged, (2) a method in which the catalyst
to ltpmpesitonicbntainingithe metalse and the selit acid subsfahce-arehe solid
charged so as to form a layer composed of the catalyst composition
acicdcontantingdae metals (on the upstream SF-1827 16 side) and
slayercomposedofthesolidacidsubstance (onthedownstream side), (3) a
methgkin)which thgiselid-aeid-substancerarewhichhtie eatatysid out, it is

composition containing the metals has been supported is

desirable to dehydrate the solid acid substance and the catalyst
composition containing Cu and Zn by a publicly known method. In the
case of a fixed bed reaction system, the catalyst and the cocatalyst
are charged in a reactor and maintained at a temperature of not lower
than 300°C for not shorter than 10 minutes with passing an inert gas
such as nitrogen or helium through the reactor. In order to allow
the catalyst composition containing Cu and Zn to exhibit activity,
treatment in a stream of hydrogen can be carried out after the
dehydration treatment.

[0035] Examples of methods to charge proper species of
catalysts inorder correspondingly to the stage of the reaction include
(1} a method in which the solid acid substance and the catalyst
compositioncontainingthemetalsaremixedand themixture is charged,
(2) amethod in which the catalyst composition containing the metals

and the sclidacid substance are charged sc as to forma layer composed

of the catalyst compositicn containing the metals {on the upstream
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charged, (4) a method in which the catalyst composition containing 5 the
s metals and the solid acid substance are charged so as to form a layer
composed of the catalyst compositips containing the metals (on the
upstream side) and a layer composed of the solid acid substance and the
catalyst composition containing the metals (on the downstream side), (5)

a method in which the catalyst composition containing the 10 metals and
sldaharefd aciasupstafceae dhakfed S asd idhT alaget cedmpesat of ream
the catalyst composition containing the metals (on the upstream side) and
s1deg layetcomposeadfihesolid atitEs ostafica oF vileh thacatalysyhich the

composition containing the metals has been supported (on the
catadoigistreamcsidé),; {6) aanetiod iwhich thretcdtalyst sopfsusitioipesrted is
containing the metals and the solid acid substance are charged so as to
chaxfora ldjercomposediof thel solid aeidstbstantecanbthse tatalysontaining
composition containing the metals (on the upstream side) and a layer
the composed of thé sokid acid subdtandes(omthe downstreanesidey , and- 7)Y orm
a method in which the catalyst composition containing the metals 20 and
a lahersaracidsibstance are-elagrged-somasdtoform atayer composed oktals
the solid acid substance on which the catalyst composition containing the

(on metalp hasdeensippartad (onyvihe dpstreaauside) iand ca layec campbsednce
of the solid acid substance (on the downstream side) . The "upstream

and side"dndicajes thergnitance side of Hie teactofthat-Sf <182V the Sothestream
layer through which the raw materials pass in the first half of the reaction,

sidand the "downstreamside dndisates:the exit sidennfdhe reacten thatisng the
the layer through which the raw materials

metals and the solid acid substance are charged so as to form a layer
conposed of the catalyst composition containing the metals {(on the
upstream side) and a layer composed of the solid acid substance on
whichthecatalyst compositioncontaining themetalshasbeensupported
(onthedownstreamside), (6} amethodinwhichthecatalyst composition
containing the metals and the solid acid substance are charged so
as to forma layer composed of the seolidacid substance and the catalyst
composltion containing the metals (on the upstream side) and a layer
composed of the solid acid substance (on the downstream side), and
(7} 2 method in which the catalyst composition containing the metals
and the scolidacid substance are charged so as to forma layer composed
of the sclid acid substance on which the catalyst composition

contalning the metals has been supported {on the upstream side) and

a layer composed of the solid acid substance (on the downstream side) .

The “upstream side” indicates the entrance side of the reactor, that
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pass in the latter half of the reaction. 5 [0036] In the present invention, the

Sp— ﬁgamatic compound is, for example, a compound of 6 to 20 carbon

- ‘atoms, and examples of such compounds include benzene homologues,

such as benzene, toluene and xylene, their substituent derivatives,
naphthalene homologues, such as naphthalene and methylnaphthalene,
and their substituent 10 derivatives. The ketone is, for example, a

is, compoune-of Briou20 cathon atamszanthasytmetic:eneior 8ne first half
asymmetric one can be used. The group bonded to carbonyl group is, for

of wexample;analkyd gloupor anwatykgroup. Speeifid examples;of thheaxit side
ketones include acetone, methyl ethyl ketone and acetophenone. 15

of {R37EHdsdndustiatlyimost apoHantthaiacetonerand benzensaf@terials
reacted as a combination of the ketone and the aromatic compound to

pasrepareeumenss {0038} The reactiansgf-thesaromatic compound with the
ketone in the present invention is characterized in that it is carried 20 out

in they presence of hydrogens Jhe-hydragenrefarred Lo herein May be@ound

molecular hydrogen gas or may be a hydrocarbon such as cyclohexane

is, thatgenaraies hydregenunder the seaction cenditions, Jnthe C&%ﬁ_\é@gﬁﬁales
acetone is reacted with benzene, hydrogen has only to be present in an

of sEEaHIMIAAHARLItY, of erewith.acetone jnprinciple SE-182218- flomthe cne

viewpoints of separation and recovery of cumene, and a preferred

and q&ﬂ@ﬁ}é js ﬂﬂé}l?c rggggtoif éu@x%oc{r@%%’a@% QP'%&pﬁ% ﬂ;é ltg’ﬂgshgﬁr%logues P
molar quantity of acetone. When it is desired to

such as naphthalene and methylnaphthalene, and their substituent
derivatives. The ketone is, for example, a compound of 3 to 20 carbon
atoms, and a symmetric one or an asymmetric one can be used. The
group bonded to carbonyl greoup is, for example, an alkyl group or
an aryl group. Specific examples of the ketones include acetone,
methyl ethyl ketone and acetcophenone.

[0037)] It is industrially most important that acstons
and benzene are reacted as a combination of the ketone and the aromatic
compound to prepare cumene.

[0038] The reaction of tﬁe arcmatic compound with the
ketone in the present invention is characterized in that it is carried
out in the presence of hydrogen. The “hydrogen” referred to herein
may be a molecular hydrogen gas or may be a hydrocarbon such as
cyclohexane that generates hydrogen under the reaction conditions.

In the case where acetone is reacted with benzene, hydrogen has only

tobepresent inanequimolar quantity or morewithacetone inprinciple
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reduce the conversion of acetone to not more than 100% for the purpose
ap- 13 9hseparating and recovering acetone, the quantity of hydrogen used is
decreased to less than an equimolarguantity of acetone, whereby it can
be coped with. Hydrogen fed to the reaction of the present invention
reacts with an oxygen atom of acetone to produce water, and this water
goes out from the exit of the reactor. Therefore, 10 hydrogen in more than
f ronthehequivaternt quantity withracetoneis ast substamtiatlycdorsumed soand a
long as an unfavorable side reaction does not proceed. [0039] In the case
prefwhersladwedrogen gas isiintiogducedagto the tedctior) thegas, ispustadlydedy L
continuously. However, feeding 15 of a hydrogen gas is not limited to this
to lWwayiaad theie may de carsiediout suThedermmigtentfeedingtthiat afteyired to
addition of a hydrogen gas at the beginning of the reaction, feeding is
reduceased during the seastion;eandafter a-cerairepariad Df titn€pa hydrogepose
gas is fed again, or in the case of liquid phase reaction, a hydrogen gas

of smsy:be fed after 20dds«lisselveddnansglvant buthe-recycle proaessea used
hydrogen gas recovered from the top of a column may be fed together

is dwithay dighthoiling fraction..Altbgughdhe pressure ef hydregen iegdused by
is generally equal to that of the reactor, it may be appropriately changed

it Accardingie theway. of igeding of hyshogen: §E-182749-{00401 Wheresent

the reaction is carried out, its conditions are not specifically restricted,
inveid suakmethods andreaclioneconditipns hitherto,publicly kpown-eaRater,

be adopted as they are. Various
and this water goes out from the exit of the reacter. Therefore,
hydrogen in more than the equivalent gquantity with acetone is not
substantially consumed so long as an unfavorable side reaction does
not proceed.

[0039] In the case where a hydrogen gas is introduced
tothereaction, thegas isusually fedcontinuously. However, feeding
of a hydrogen gas is not limited to this way, and there may be carried
out such intermittent feeding that after addition of a hydrogen gas
at thebeginningof the reaction, feeding isceasaedduring the reaction,
and after a certain period of time, a hydrogen gas is fed again, or
in the case of ligquid phase reaction, a hydrogen gas may be fad after
it is dissolved in a solvent. In the recycle process, a hydrogen
gas recovered from the top of a ceclumn may be fed together with a
light boiling £fraction. Although the pressure of hydrogen introduced
is generally equal to that of the reactor, it may be appropriately

changed according to the way cof feeding of hydrogen.
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modifications are also known, and they are also applicable. For 5

sr- £xample, the following conditions and methods are adoptable. [0041]
Contact of a mixture of acetone and,kenzene that are reaction raw
materials with a hydrogen gas may be carried out by any of gas-liquid
countercurrent and gas-liquid cocurrent, and the directions of the liquid
and the gas may be any of downward flow 10 of liquid-upward flow of gas,
upwiid £lbiv of liquidrdowniearnc:fiow iohgas, apwarddow of liguid@neiitions
gas, and downward flow of liquid and gas. [0042] Although the reaction

are tempesatece 1S net Ispecificatlyrestrjcted @ithendl isiathedangedfreaction
preferably 50 15 to 300C, more preferably 60 to 200 C. In usual, the

conavorkingspréeskuate ispnithe cangeofpreferably -0k éol 160 MRaa raqQre various
preferably 0.05 to 50 MPa. When the present invention is carried out, the

mod Catalytic camount usedds rebspeciically restrigted, Hut forexampla; ir theror
case where the reaction is carried out using a fixed bed flow device, 20

exarthe eatalyic apmauntisdn the anrde ok preferably £:1 10 200/huJpoEe 1c.
preferably 0. 2 to 100/hr, in terms of a value obtained by dividing an

amou{weight) of the, rawmateriahfed-peheur bytheweight githene that

catalyst, that is, WHSV. The pressure is a gauge pressure unless

are Of@ewisenoted. 91827 20 [QQ43lWhenthepresgat IMentionds: vied out

carried out, it is also possible that a solvent or a gas that is inert to the

by £adalyst andthereaction reagent is-addediq the seaction system and the .4
reaction

the directions of the liquid and the gas may be any of downward flow

of liquid-upward flow of gas, upward flow of liquid-downward flow

of gas, upward flow of liquid and gas, and downward flow of liguid

and gas.

[0042] Although the reaction temperature is not
specifically restricted either, it is in the range of preferably 50
to 300°C, moré preferably 60 to 200°C. Inusual, the working pressure
is in the range of preferably 0.01 to 100 MPa, more preferably 0.05
to 50 MPa. When the present invention is carried out, the catalytic
amount used is not specifically restricted, but for example, in the
case where the reaction is carried out using a fixed bed flow device,
the catalytic amount is in the range of preferably 0.1 to 200/hr,
more preferably 0.2 to100/hr, interms of a value obtained by dividing
an amount {welight) of the raw material fed per hour by the weight
of the catalyst, that is, WHSV. The pressure is a gauge pressure

unless otherwise noted.
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is performed in a dilute state. 5 [0044] The present invention can be

sw—£agied out by any of a batch process, a semi-batch process and a
continuous flow process. The present invention can be carried out in any
of a liquid phase, a gas phase and a gas-liquid mixed phase. As the
catalyst charge systems, various systems, such as a fixed bed, a fluidized
bed, a 10 suspension bed and a plate fixed bed, are adopted, and the
preséitd vention Magbe barpgedvatin any«f these systemsi §8045kIn 1t is
the case where the catalytic activity decreases after the lapse of a certain

al speriptbobtime; the activifyveftheccatalysts cahdie recovered by performinglyst
regeneration through a publicly known 15 method. [0046] In order to

and Maintedrtheovotemeeof prodddiahtof ttumere errysgo-saundimethoezint i on
which two or three reactors are arranged in parallel, and while

is pegénerationiis perfurmed bytanes reactor, the reaction is carried out by
the residual one or two reactors 20 may be adopted. In the case where
thregOeactors are used, pwoseithemvaay bercannecieddinrseries tut by any
reduce variation of production. In the case where the present invention is

of acaytied pubinea #uidized: bpdlowreasten sysiem of aimeVinged: process.
reaction system, it is possible to maintain a given activity by drawing a

The parteealt of the catalyst Si-282421- puy of the feagtof cantinuqusly @phase,

intermittently and replenishing the corresponding amount. [0047] In the
a gPsepenrtdavention, tyeughdne ADEVEJINO0EESSe. As the catalyst charge
systems, various systems, such as a fixed bed, a fluidized bed, a
suspension bed and a plate fixed bed, are adopted, and the present
invention may be carried out in any of these systems.

(004573 Inthe case where the catalyticactivity decreases
afterthe lapsecfacertainperiodof time, theactivity of thecatalyst
can be recovered by performing regeneration through a publicly known
method.

[0046] In order to maintain the volume of production of

cumens, Merry-go-round method in which two or three reactors are

arranged in parallel, and while regeneration is performed by one

. reactor, thereactioniscarriedout by the residual one or two reactors

may be adopted. In the case where three reactors are used, two of
them may be connected in series to reduce variation of production.
In the case where the present invention is carried out in a fluidized
bed flow reaction systemor amoving bed reaction system, it ispossible

to maintain a given activity by drawing a part or all of the catalyst
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cumene can be directly obtained from acetone that is a side product 5 of

sp-ihe preparation of phenol. The thus obtained cumene is employable as a
raw material for preparing phenol and acetone, and is applicable to such
a process comprising the aforesaid step (a) to step (d) wherein cumene is
oxidized and then decomposed. Further, various modifications can be
provided without any problem. 10 EXAMPLES [0048] Example 1

out Rrepdrationoftcatatyst 1070015l of puré wateni30.87tg pf eoppeemiteateshing
trinydrate 15 [Cu(N03)2.3H20], 32.90 g of zinc nitrate hexahydrate

the [ZniNG3)2:BIH 20 and>¥r86.g of aluminum nitrate nonahydrate
[AI(NO3)3.9H20] were dissolved to prepare an aqueous solution (solution
A) . O €¥d other handhe87:44 grafisodiumicathonate dgcahydiaters process,
[Na2CO3I0OH20] was dissolved in 870 ml of pure water to prepare an

cunageienus selutior=20 (soltion: By A flask centainirg :800-mlofavatersvasoduct
prepared, and with stirring water in the flask at room temperature, the

of tsalutionsArand dhessolutionB were dropwdseraddedtodhpavaler-abifie oyable
same rates. After the resulting slurry was stirred for 150 minutes, the

as preaipitatein Hie siryrwas subiegtedHovacuum-filtration and SE-J382vi12201¢
sufficiently washed with distilled water. Thereafter, the recovered

to siecipitate wMas driggh forsl2 hewrs gfapéxgaad&ta@ggct 19 80C;and (thefherein

calcined for 3 hours in an electric furnace adjusted to 350C
cumene 1s oxidized and then decomposed. Further, various

meodifications can be provided without any problem.

EXAMPLES

[0048) Example 1

Preparation of catalyst

In 700 ml of pure water, 30.37 g of copper nitrate trihydrate
[Cu(NO3)2-3H0], 32.90 g of zinc nitrate hexahydrate [Zn(NOj3),- 6H,0]
and 7.36 g of aluminum nitrate nonahydrate [Al (NOsz);*9H;Cl were
dissolved to prepare an agueous solution (solution A). On the other
hand, 87.44 g of sodium carbonate decahydrate [NayCOs;:10H0] was
dissolved in 870 ml of pure water to prepare an agueous solution
{(solution B). A flask containing 800 ml of water was prepared, and
with stirring water in the flask at room temperature, the solution
A and the soluticon B were dropwise added to the water at the same
rates. After the resulting slurry was stirred for 150 minutes, the

precipitate in the slurry was subjected to vacuum filtration and
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in the atmosphere, to obtain an oxide. The oxide was subjected to 5
{% Igt-making molding and pulverized, followed by collecting 10 ml of the

SF- . . ) :
pulverizate. The pulverizate was charged in a small reaction tube and
subjected to reduction treatment with a mixed gas of H2/N2 (1/9) under
the conditions of GHSV of 6000 (hr-1) and 350C to obtain a catalyst 1
(mass% of element: Cu 40%, Zn 36%, Al 3%, atomic ratio 10 of Zn to Cu:

suf £1.87)10049]xaraple 21 Bieparation aheatalystinetQ0: il of pure:watesveread
23.14 g of copper nitrate trihnydrate 15 [Cu(N03)2.3H20], 40.21 g of zinc

preditfateshexahydmtedAnfNOI)2-6H2€Y, i 1. 93»-okiroaditiate:nopalyetate and
[ Fe (NO3) 3. 9H20] and 7 . 36 g of aluminum nitrate nonahydrate

t he PAHNQ3YRHZOt were-dissolved: 1o prepareian mAgueous selitiondgotdiono c
A). On the other hand, 88.03 g of sodium carbonate decahydrate

in {Na2Ge310H2Q wasdisselved in88Q mkof pure.20,wateriaPreparedhed to
agueous solution (solution B) . A flask containing 800 ml of water was

tab PEePared: anc with:sticringwaterin,the flask- at logratemperatyre,dhgy 10 m1
solution A and the solution B were dropwise added to the water at the

of SAMS.MBjes Afterthe f?l%uglf'ﬂv%lym’aW@%gé”&qa@%ééqmQ%§iﬂh§eactiom

precipitate in the slurry was subjected SF-1827 23 1o vacuum filtration

rup@nghsutligiently washed,with distilled water, Jthereafter, the recovered ¢ /y,

precipitate was dried for 12 hours in a dryer adjusted to 80C, and then
(1/§pleingd.far 3. hours, in an elegtric. funace adiysted to,330G e + prain
atmosphere, to obtain an oxide. The
a catalyst 1 (mass% of element: Cu 40%, Zn 36%, Al 3%, atomic ratio

of Zn to Cu: 0.87).

[0049] Example 2

Preparation of catalyst

In 700 ml of pure water, 23.14 g of copper nitrate trihydrate
[Cu{NO4)» 3Hs0], 40.21 g of zinc nitrate hexahydrate [Zn(NO3),-6H,0],
1.93gofironnitratenonahydrate [Fe(NO3) 13- 9H0Y and 7. 36 gof aluminum
nitrate nonahydrate [Al(NOs)s-9H20)] were dissolved to prepare an
aquecus solution (sclution A). On the other hand, 88.03 g of sodium
carbonate decahydrate [Na,CO0;+10H0] was dissolved in 880 ml of pure
water toprepare an agueous solution (solutionB). Aflaskcontaining
800 ml of water was prepared, and with stirring water in the flask
at room temperature, the soluticn A and the solution B were dropwise
added to¢ the water at the same rates. After the resulting slurry

was stirred for 150minutes, theprecipitate inthe slurrywas subjected
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5 oxide was subjected to tablet-making molding and pulverized, followed
sr-y-eollecting 10 ml of the pulverizate. The pulverizate was charged in a
small reaction tube and subjected tg feduction treatment with a mixed gas
of H2/N2 (1/9) under the conditions of GHSV of 6000 (hr-1) and 350C to
obtain a catalyst 2 (mass% of element: Cu 30%, Zn 44%, 10 Al 3%, Fe
1%, atomic ratio of Zn to Cu: 1.42). [0050) Example 3 In a quartz glass
to vegactor havingza diameter ofiBTim anokd jengthhofi4@icm, 41@ gidfithe water.
catalyst 1 and 1.0 g of 1 zeolite (available 15 from Catalysts & Chemicals
Therdndistries Cog Ltdgdhavirg hesncégmpeession soldeddat20- MRarandrithen a
classified as that of 250 to 500 ) were charged, then they were dried at
drye358€ifos dchbubirs a° Stream oftritrogen-an3® mlimin, andthereafterdheytric
were subjected to reduction treatment at 350C for 1 hour in a stream of

furrhydrogeni2at b mimin Stiltinasteamof hydrogendhetemperative The
was lowered to 160 C, then a mixed liquid of benzene/acetone (5/1 by

oxidpelx naspassesithrough thegactolprarateefskh2 plimin: apgthe exitoyed
was cooled to capture the product. The product after 3 hours from the

by cbegnning.ef therfeactionwas anatyzed-ky gas-echppmatography, wkr 1824 ged
24 and as a result, concentrations of the components other than benzene

in ABdavaterwere:acetongl.13h,gumenerz.0%.m-disapropyhenzene 18, 9%: tn
and p-diisopropylbenzene 8.0%, in terms of weight ratio. 5 [0051]
a miEXanple 4 Reaetion was,caried oyt indhe same manresasinExgaple .1

and 350°C to obtain a catalyst 2 (mass$% of element: Cu 30%, Zn 44%,

Al 3%, Fe 1%, atomic ratio of Zn to Cu: 1.42).

100501 Example 3

In a quartz glass reactor having a diameter of 3 cmand a length

of 40 c¢m, 1.0 g of the catalyst 1 and 1.0 g of B zeolite (available

from Catalysts & Chemicals Industries Co., Ltd., having been

compression molded at 20 MPa and then classified as that of 250 to
500 p) were charged, then they were dried at 350°C for 1 hour in a
stream of nitrogen at 30 ml/min, and thereafter they were subiected
to reduction treatment at 350°C for 1 hour in a stream of hydrogen
at 11 ml/min. Still in a stream of hydrogen, the temperature was
lowered to 160°C, then amixed liguid of benzene/acetone (5/1 by mol)
was passed through the reactor at a rate of 1.2 ml/min, and the exit
was cooled to capture the product. The product after 3 hours from

the beginning of the reaction was analyzed by gas chromatography,
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except that the catalyst 2 was used instead of the catalyst 1. The product
g - after 3 hours from the beginning of the reaction was analyzed by gas
chromatography, and as a result, cancentrations of the 10 components
other than benzene and water were: acetone 0%, cumene 88.9%,
m-diisopropylbenzene 7.9% and p-diisopropylbenzene 3.1%, in terms of
weight ratio. [00521 Comparative Example 1 15 Reaction was carried out
and ppsthie Sapne mannerastindxample 3, téxceptithat copperdheoniten benzene
(available from Sud-Chemie AG, product name: G99b, mass% of
and efgments Cur 35% Grs31% *Ba29% M 396 satomid ratipofiZnteCuc 0y 19. 9%
was used instead of the catalyst 1. The product after 3 hours from the
and heginningrofdthelreactienavas ahalyzediyrgas 20 chrontatogeaphy, and
as a result, concentrations of the components other than benzene and
water were: acetone 8.4%, cumene 56.7%, m-diisopropylbenzene 23.6%
and p-diisopropylbenzene 11.1%, in terms of weight ratio. SF-1827 25
[ 0030053] Compasatine: Example 2 Reaction was carried out in the same
manner as in Example 3, except that a catalyst using copper aluminate
as &base {available-from Sud-EGhemie AL spreduet Mame » 44489 magsle 3,
of element: Cu 39%, 5 Al 16%, Zn 6%, Mn 7%, atomic ratio of Zn to Cu:
excép15) was useddastead: of thecatalysy 1i The-productafter-3 hows from The
the beginning of the reaction was analyzed by gas chromatography, and

prod@sc 1esuliy conseptiations of the.companentsrother than.bepzenesand: 1 v zed
water were:

by gas chromatography, and as a ressult, concentrations of the
components other thanbenzene andwaterwere: acetone 0%, cumene 88.9%,

m-diisopropylbenzene 7.9% and p-diisopropylbenzene 3.1%, in terms

of weight ratio.

(00523 Comparative Example 1

Reaction was carried out in the same manner as in Example 3,
except that copper chromite (available from Sud-Chemie AG, product
name: GY98b, mass% of element: Cu 35%, Cr 31%, Ba 2%, Mn 3%, atomic
ratioc of Zn to Cu: 0) was used instead of the catalyst 1. The product
after 3 hours from the beginning of the reaction was analyzed by gas
chromatography, and as a result, concentrations of the components
other than benzene and water were: acetone §.4%, cumene 56.7%,
m-diisopropylbenzene 23.6% and p~diisopropylbenzene 11.1%, in terms

of weight ratio.
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acetone 8.8%, cumene 55.0%, m-diisopropylbenzene 22.1% and 10
o - edisopropylbenzene 10.7%, in terms of weight ratio. [0054] Example 5
In a quartz glass reactor having a diggneter of 3 cm and a length of 40
cm, 1.0 g of the catalyst 2 and 1.0 g of MCM-22 zeolite (obtained 15 by
compression molding a catalyst prepared in accordance with VERIFIED
SYNTHESES OFZEOLITIC MATERIALS Second Revised Edition 2001,
(00331225, at 20 ; rrElEgdifying it as that of 250 to 500 ) were
charged, then they were dried at 350C for 1 hour in a stream of nitrogen
at Beanlmin, dad thereafet they iere sgbjeetsd e reducton Hedinmsmle 3,
20 at 200C for 3 hours in a stream of hydrogen at 10 ml/min. Thereatfter,
excahe tehiperatard WasslowsreddockB0e in alstreamtef ydrodersat 3available
ml/min, then a mixed liquid of benzene/acetone (3/1 by mol) was passed
fronthfoubit theteadtor atpratevfria2aml/ivid 3&nd the eXitafas coovted :tdCu 39%,
capture the product. In addition, capture of gas was also carried SF-1827
Al 126, otnthéugnitiwasanotcarrisstdut nfthe above examplesrandised instead
comparative examples. The product after 3 hours from the beginning of
of tthe reaictionswas andlyzed bygas elfromatography (EotumnHforigasiphase; of
analysis: PLOT FUSED SILICA 50Mx0.32MM ID COATING
the Als203/NAZ S04 RS Somagutactinednby MARIAN Ine.naobsma feesult,
liquid phase analysis:ZB-WAX, manufactured by Phenomenex Inc.), and
con@snd resultreumene,. e na-stisopeapytbenzene anchpraisoprepythenzens; ware:
which were values, were obtained in high yields, as shown in Table 1. 10
zce{0@25kEXaMple®ene 55.0%, m-diisopropylbenzene 22.1% and

p-diiscopropylbenzene 10.7%, in terms of weight ratio.

{0054 Example 5

In a guartz glass reactor having a diameter of 3 cm and a length
0f 40 cm, 1.0gcf the catalyst 2 and 1.0 g of MCM-22 zeolite {obtained
py compressionmolding a catalyst prepared inaccordance with VERIFIED
SYNTHESES OF ZEOLITIC MATERIALS Second Revised Edition 2001, p. 225,
at 20 MPa and then classifying it as that of 250 to 500 p) were charged,
then they were dried at 350°C for 1 hour in a stream of nitrogen at
30 ml/min, and thereafter they were subjected to reduction treatment
at 200°C for 3 hours in a stream of hydrogen at 10 ml/min. Thereafter,
the temperature was lowered to 150°C in a stream of hydrogen at 3
ml/min, thern amixed liguid of penzene/acetone (3/1 by mol) was passed
through the reactor at a rate of 1.2 ml/min, and the exit was cooled

to capture the product. In addition, capture of gas was also carried
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Reaction was carried out under the same conditions as in Example 5,
s - exgept that a commercially available copper-zinc catalyst (available from
Sud-Chemie AG, product name: ShifgMax 210, mass% of element: Cu 32
to 35%, Zn 35 to 40%, Al 4 to 7%, atomic ratio of 15 Zn to Cu: 1.00 to
1.20) was used instead of the catalyst 2, and G3 zeolite (available from
Catalysts & Chemicals Industries Co., Ltd., having been compression
out pivlded at2eMPatapdthentssitiad-as thae vef 2591 5003 Waronsed at 1ve
instead of MCM-22. The product after 3 hours from the beginning of the
examnpaetion Was analyzed by yas D0whrerfiatoyrdphycahdas g resale reaction
cumene, m-diisopropylbenzene and p-diisopropylbenzene,which were
was valaey,agdré phjamethintigh yistdeh s showrin Tablgds [00B6EExaaiple 15:
7 SF-1827 27 Reaction was carried out under the same conditions as in
PLOEXdMple S]ekcapbihata commedreidliyrdvailable.coppaizinecaratysvM,
(available from Sud-Chemie AG, product name: Shift Max 210, mass% of
manefement«Cib 3272 BEY6] Zn. 35101469 fAL4 1ay7%; pteraEeaatit of BeZILB-WAX,
Cu: 1.00 to 1.20) was used instead of the catalyst 2. The product after 3
manours frosd the begining of the reactjorwasaanalyzed bygascumene,
chromatography, and as a result, cumene, m-diisopropylbenzene and

m~d Praiisopsppyhenzene, aich waresvalues, ek obtainedin dighyieldsa i ues,
as shown in Table 1. 10 [0057] Example 8

were obtained in high yields, as shown in Table 1.

[0055] Example 6

Reaction was carried out under the same conditions as in Example
5, except that a commercially available copper-zinc catalyst
{available from Sud-Chemie AG, product name:.Shift Max 210, mass?
of element: Cu 32 to 35%, Zn 35 to 40%, Al 4 to 7%, atomic ratioc of
Zn to Cu: 1.00 to 1.20) was used instead of the catalyst 2, and P
zeolite (avallable from Catalysts & Chemicals Industries Co., Ltd.,
having been compression molded at 20 MPa and then classified as that
of 250 to 500 u) was used instead of MCM-Z2. The product after 3
hours from the beginning of the reaction was analyzed by gas
chromatography, and as a result, cumene, m~diisopropylbenzene and
p—diiscopropyibenzene, whichwerevalues, weresobtainedinhighyields,

as shown in Table 1.

[0056] Example 7
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Using a fixed bed reaction device equipped with a high-pressure

sp- feedpump, a high-pressure hydrogen mass flow, a high-pressure nitrogen
mass flow, an electric furnace, a reactor having a catalyst charge 15 part,
and a backpressure valve, pressurized liquid phase flow reaction by a
down flow was carried out. [0058] In a SUS 316 reactor having an inner
diameter of 1 cm, 1.0 g of a powder (having been classified as that of 250
to 566y ofacopperzintechtalysti{deailable $rone Sad<Chemie AGin Example
product 20 name: Shift Max 210, mass% of element: Cu 32 to 35%, Zn 35

3, 4B, A6 te 7% ratomic Fafig of ZaitbaCl =l .Ocprk: 2) wasfirst tharged
from the exit side of the reactor as a catalyst layer on the upstream side.

(avaAfterguarfz wochwas packed23.0 goddhe aforesaid MOM:2Ratobtaihedhasss
by compression molding a catalyst prepared in accordance SF-1827 28

of alhMBERIFIEDSYNTHESES: OF ZEOLPHC MARERIALS, Secondc ratio of
Revised Edition 2001, p. 225, at 20 MPa and then classifying it as that of

Zn t250:t01500 - SilAlmplas sato: 20 was ohamechas atcatglystiayerion theduct
downstream side. 5 [0059] The reactor was pressurized to 3 MPa with

aftdydragen; sapddhereeduetiom reatmentwas sagied autat 2000 feed by gas
hours in a stream of hydrogen at 12.5 ml/min given from the entrance

chrsige efithpreactora St in astrean) obhydragenatii3.SoplppRithenzene and
temperature was lowered to 175 C, and a mixed liquid of

p-abenzenpefacetene L0 (34 byrmel was fad fromthe-entrance side ofthei 1 ds,

reactor and passed through the reactor at a rate of 2.50 g/hr.
as shown in Table 1.

(0057 Example 8

Using a fixed bed reaction device equipped with a high-pressure
feedpump, ahigh-pressurehydrogenmass £low, ahigh-pressurenitrogen
mass flow, an electric furnace, a reactor having a catalyst charge
part, andabackpressurevalve, pressurized liguidphase flow reaction
by a down flow was carried out.

[0058] In a SUS 316 reactor having an inner diameter of
1 cm, 1.0 g of a powder (having been classified as that of 250 to
500 u) of acopper~zinccatalyst (available fromSud-Chemie AG, product
name: Shift Max 210, mass% of element: Cu 32 to 35%, Zn 35 to 40%,
Al 6 to 7%, atomic ratio of Zn to Cu: 1.0 to 1.2} was first charged
from the exit side of the reactor as a catalyst layer on the upstream
side. After quartz wool was packed, 3.0 g of the aforesaid MCM-22

(obtained by compressicn molding a catalyst prepared in accordance
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[0060] By the use of the high-pressure nitrogen mass flow, nitrogen was
sp-1ateduced at 200 ml/min into the middle part between the reactor exit and
the backpressure valve. In the line after the 15 backpressure valve, a
switching valve was installed, then a reaction gas was introduced into an
injection of gas chromatography through a sampling tube of 0.2 ml, and
the product was determined by gas chromatography analysis. [0061] The
withrddatibhiies it 1sTsEtTofv i ZEdBlé UL BY 20 Béparafing the Coppersdrigdition
catalyst and MCM-22 from each other, side production of propane was
200degreaged thetghk @détenenemidined, @ndselrhenegwds ebtaihed highly>C to
selectively. [0062] Comparative Example 3 SF-1827 29 Reaction was
500 garried/eat pthersame maaoner asdindExargple 6s exeaptingd cappetr on the
chromite (available from Sud-Chemie AG, product name: G99b, mass%
dowrof tetement Qe 35%, Cr 31%, Ba 2%, Mn 3%, atomic ratio of Zn to Cu: 0)
was used instead of Shift Max 210. The product 5 after 3 hours from the
begirming df the reariionsvas apalyzes-hy gas i ehromatography; angasayen,
result, selectivities of cumene, m-diisopropylbenzene and

and p-HEsopregylbenzenes yhishwvereavaldes, weredow, andsideproguctioRours
of hydrocarbons derived from acetone was extremely large, as shown in

in alable<skndQ f0063k-comparative, Example 4 Reastion wasteariegQulriRe side
the same manner as in Example 6,

of the reactor. 8till in a stream of hydrogen at 12.5 ml/min, the

temperaturewas loweredto 175°C, and amixed liguid of benzene/acetone

{3/1 by mol} was fed from the entrance side of the reactor and passed

through the reactor at a rate of 2.50 g/hr.

[006e0] By the use of thehigh-pressurenitrogenmass flow,
nitrogen was introduced at 200 ml/min into the middle part between
the reactor exit and the backpressure valve. In the line after the
backpressure valve, a switching valve was installed, then a reaction
gas was introduced into an injection of gas chromatography through
a sampling tube of 0.2 mil, and the product was determined by gas
chromatography analysis.

0061} The reaction result is set forth in Table 1. By
separating the copper-zinc catalyst and MCM-22 from each other, side
productionofpropanewasdecreasedthoughacetone remained, andcumene

was obtained highly selectively.

[006Z] Comparative Example 3
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except that a copper-alumina catalyst (available from Nikki Chemical Co.,
5p-1dd.7 product name: N242, mass% of element: Cu 40%, Al: 18%) 15 was
used instead of Shift Max 210. The psoduct after 3 hours from the
beginning of the reaction was analyzed by gas chromatography, and as a
result, conversion of acetone was extremely low, and side production of
impurities was large, as shown in Table 1. Therefore, yields of cumene,
m-diiseptdpylbeazenezrid:g-disopropyloerzene, m20:whichavere Baklgsie 6,
were low. Sr-1827 30 [0064] Table 1 Comp. Comp. EX. 5 Ex. 6 EX. 7 Ex.
excPEXL BEXcArCatalyst ReduetiOaveatabist €dtalyst 2:1GucZeCile ZAEC usZnduct
Cu-Cr Cu-Al Acid Catalyst MCM-22 MCM-22 MCM-22 Reaction
nameongittbns Reactionftemperatare {C) 150,180 1504, 73450515600 3%, atomic
Benzene/acetone molar ratio 3.0 3.0 3.0 3.0 3.0 3.0 Hydrogen/acetone
ratimotdr Fatia 2.02.02.0r 40120 2.On WHSY §lir-dp) 0% 016:0510.6 0THh8.5roduct
Pressure (MPa) 0 0 0 3.0 0 0 Reaction result Conversion of acetone (%)
aft49.7 90.0-$00:09 =0 O%856:3: Selectiviyyacetond basex90)Piopane by gas
C4 hydrocarbon 2.8 7.6 0.51,.3 25.1 8.6
chromatography, and as a result, selectivities of cumene,

m-diisopropylbenzene and p-diisopropylbenzene, which were values,
were low, and side production of hydrocarbons derived from acetone

was extremely large, as shown in Table 1.

[0063] Comparative Example 4

Reaction was carried out in the same manner as in Example §,
except that a copper-alumina catalyst {(available from Nikki Chemical
Co., Ltd., product name: N242, mass% of element: Cu 40%, Al: 18%)
was used instead of Shift Max 210. The product after 3 hours from
the beginning of the reaction was analyzed by gas chromatography,
and as a result, conversion of acetone was extremely low, and side
production of impurities was large, as shown in Table 1. Therefore,
yields of cumene, m-diiscpropylbenzene and p-diisopropylbenzene,

which were values, were low.



Diisopropyl ether 0.0 0.0 0.0 0.4 1.4 0.0 Isopropanol 0.0 0.0 0.0 0.0 0.0
sp-10-Cumene 70.0 41.1 66.2 81.6 33.2 35.2 Diisopropylbenzene 23.4 47.3
27.3 16.7 31.4 38.2 High-boiling sulystance 3.8 4.0 6.0 0.0 8.9 18.2
Selectivity of values* (%) 93.4 88.4 93.5 98.3 64.6 73.4 Selectivity of
impurities** (%) 6.6 11.6 6.5 1.7 35.4 26.6 *Values: cumene +
diisopropylbenzene **Impurities: propane + C4 hydrocarbon + diisopropy!
[00&dther + higlabb#ing substance 5 INDUSTRIAL APPLICABILITY [0065]

a-Je

T e I T CWP-E LY TN | e ta-aada na-crelk @
IMTIEPIESTTIUImveETITiIUTT PTroviute s 'd Prottaas it VVIIILII (<} I\CL 'ne-sUclt Q%Omp

) . Comp.
acetone, an aromatic compound. such as penzere and -hydsogen arg, "3 | px. 4
Catalyst Used as Starting materials {0 obtain the corresponding 10 [alkylate
arormatic.composngksuch asceumene inlacsingle reactipn step-mma higher | cu-al
yiéid [0866] THis process is apipticable 10 a procesSfordndiistridly B B
Reaction cppggietng phenol, etc. SF-1827 31 CLAIMS 1. A process for reparing
giaetéﬁ? tg;féﬁ“&ﬁﬁnéﬂi comp)oun&35§omp |S|ﬁaoreaJct|r35gt’%n aro“3 atic| * 8 258
nzene N . 3. .
) rﬁé Und v WI k@ig@%oand hygirpgen |in Sh(% preseyice of a E_Ogld ac@ o >0
wHsv ShPstance and a catalyst compasition $ containing 5315 and Zn i grago-of | 4 =
pressdPetqi@ud yanging from 0.70/to 1.60 o 0 3.0 0 0
Reaction result
Conversion of acetone (%) 99.7 89.0 100.0 97.0 95.0 56.3
Selectivity/acetone base (%)
Propane + C4 hydrocarbon 2.8 7.6 0.5 1.3 25.1 8.6
Diisopropyl ether 0.0 0.0 0.0 0.4 1.4 0.0
Isopropanol 0.0 0.0 0.0 0.0 0.0 0.0
Cumene 70.0 41.1 66.2 81.6 33.2 35.2
Diilsopropylbenzene 23.4 £7.3 27.3 i6.7 31.4 38.2
High-boiling substance 3.8 4.0 6.0 0.0 8.9 18.2
Selectivity of values* (%) 83.4 88.4 93.5 8.3 64.6 73.4
Selectivity of impurities** (%) 6.6 11.6 6.5 1.7 35.4 26.6
*Values: cumene + diisopropylbenzene
**Impurities: propane + C4 hydrocarbon + diisopropyl ether +
high=boiling substance
5
INDUSTRIAL APPLICABILITY
[0065] The present invention provides a process in which

a ketone such as acetone, an aromatic compound such as benzene and
hydrogen are used as starting materials to obtain the corresponding
10 alkylated aromatic compeund such as cumene in a single reaction step
in a higher yield.
[0066] This process is applicable to a process for

industrially producing phencl, etc.
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(atomic ratio). 2. Theprocessforpreparingthe alkylated aromatic compound
sr- B aimed in claim 1, wherein the aromatic compound is benzene, and
10 the ketone is acetone. 3. Theprogess for preparing the
alkylatedaromaticcompound as claimed in claim 1 or 2, wherein the solid
acid substance is a zeolite compound. 15 4. Theprocessforpreparingthe
alkylated aromatic compound as claimed in claim 3, wherein the zeolite
compound is a zeolite compoundCli#auMg) a 10- to 16-membered oxygen
ring. 20 S. Theprocess for preparing the alkylated aromatic compound as

claiined in daim4swherein thre zeolitegcompaud s selectedftdm dbepcund,
group consisting ofzeolite(3, zeolite Y, ZSM-12,mordenite, MCM-22,

cormMCM15H andZSMs5aSkA8RAt32 6othbepracess fior preparingathe hydrogen
alkylated aromatic compound as claimed in claim 5, wherein the zeolite

in teempounchissMGM-22, MEM-E6 euZSMAE:6 4nA precess fosprepating: t ion
phenol, comprising the following steps of: (a) a step of oxidizing cumene

con@ GOIWEItl inteicernenes hydropesexide (b)a:step. gf agid desamposing 1 . 60
the cumene hydroperoxide to 10 synthesize phenol and acetone,

{atomic ratio).

2. Theprocess forpreparingthe alkylated aromatic compound
as claimed in claim 1, wherein the aromatic compound is benzene, and

the ketone is acetone.

3. Theprocess forpreparingthealkylatedaromatic compound
as claimed in claim 1 or 2, wherein the solid acid substance is a

zeolite compound.

4, Theprocess forpreparingthealkylatedaromatic compound
asclaimedinclaim3, whereinthe zeolite compoundisazeolite compound

having a 10- to lé-membered oxygen ring.

5. Theprocess forpreparingthealkylatedaromatic compound
as claimed in claim 4, wherein the zeclite compound is selected from

thegroupconsistingof zeclitef, zeolite Y, Z3M-12, mordenite, MCM-22,

MCM-56 and ZSM~5.
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(c) a step of reacting the acetone formed in the step (b) with benzene to
SE- fggt.pesize cumene, and (d) a step of recycling the cumene obtained in
the step (c) to the step (a), 15 whergin the step (c) is carried out in
accordance with the process for preparing the alkylated aromatic
compound of any one of claims 1 to 6.
6. Theprocess forpreparingthealkylatedaromatic compound

as claimed in claim 5, wherein the zeolite compound ig MCM-22, MCM-56

or ZSM-5.

7. Aprocess for preparing phencl, comprising the following
steps of:

(a) a step of oxidizing cumene to convert it into cumene
hydroperoxide,

(b} a step of acid decomposing the cumene hydroperoxide to
synthesize phenol and acetone,

{c) a step of reacting the aceltone formed in the step (b} with
benzene to synthesize cumene, and

(d) a step of recycling the cumene cobtained in the step ()
to the step (a),

whereinthestep (¢) iscarriedout inaccordancewiththe process
for preparing the alkylated aromatic compound of any one of claims

1 to 6.



