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SF-1827 1 DESCRI PRTI ON PROCESS FOR PREPARI NG
SE-188'KYLATED AROVATI C COVPOUND TECHNI CAL FI ELD

5[ 0001] The present inventibn relates to a process for

preparing the correspondi ng al kyl ated aromatic

conmpound by reacting an aromatic conpound with a

ket one and hydrogen. More particularly, the present

i nvention rel ates toDESGRAPBIIONN whi ch cunene is

prepared in a single reaction step in a high yield

Usi PROCESIOIFOR BRESARIIRS LAY AW AoRM &AL b MIoUND

conposition containing Cu and Zn as catal ysts and

usi ng acetone, benzene and hydrogen as starting

mat eri al s. BACKGROUND ART [ 0002] A process for

reparing cunene by reacting benzene 15 with

TECHN%F@gyFEﬁg? a process for preparing cunene

hydr oper oxi de by oxi di zi ng cunene and a process for

pri@f&ii ng phefind mrEbeadetionventy cacirdl deconposi pGocess for

cunmene hydroperoxi de are publicly known, and a

prepaRifgess 6OPBEhIUH MLy LAELH AIOmMLS 18 RIBRYhd by reacting
preparation process generally called a cumnene

t ' is the 20
on ocBEPESE S bl FRER L Db CUTERE P e 18 Bty

0003] This cunene process is characterized in that
the PIRRGnEP TR T ¢ e uEP Y BrodReRdn Whd@h Glineriesi s prepared
. advant ageous when acetone is needed at the same tine,
in a sjpglehiendtd cecormmiioa hygldisiadvans ageauss Mikeac AE elibBeance
is in excess. Then, in order to lead SF-1827 2 a

and a dhtheyeneenbds PEi&e cBAt WeRIng@RuOAR] A 28ScA d18Wt s and using
material and a ketone produced sinultaneously to an

acetoRdyaptagas{ i SetLal, Lgegsapéf%gr%@a@be%&% gsed, for

exanp proce whi ch™sécon uty Benzene
obt ai ned from n-butene and benzene i s oxidized and
aci d deconposed

BACKGROUND ART

[0002] A process for preparing cumene by reacting benzene
with propylene, a process for preparing cumene hydroperoxide by
oxidizing cumene and a process for preparing phenol and acetone by
aciddecomposing cumene hydroperoxide arepublicly known, anda process
combining these reactions is a phenol preparation process generally
called a cumene process. At present, this cumene process is the
mainstream of the_ phenol preparation process.

(00031 This cumene process is characterized in that
acetone is simultaneously 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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5 to obtain phenol and nethyl ethyl ketone at the
sF—1gane tinme (see patent docunent 1 and patent docunent
2) . In this process, howeyer, the selectivity of the
ai med secondary butyl benzene hydroperoxi de obt ai ned
by the oxidation of secondary butyl benzene is only
about 80% and in addition, not |ess than 15% of

a dif2EeLQRNeNONS deShl Bhdm A Q135013 84 derff REHEE a1 and a ketone
Therefore, this process is inferior, as the pheno

reparat.i.on _process, .10 the. cunene process. i iel.d.
prod s Re R AleBL SRR 2R dhBRASAPES Brettite: drsctageen
in which cycl ohexyl benzene obt aj ned from cycl ohexene ‘
PTopoffd hERZ eREATRL x| HiPFEFeaRd Lac VL de ctfrased vt bubhiiagmzene
phenol and cycl ohexanone. In 15 this process, pheno
obtairedliran neduyrde hydriogeratd ng dhedi=mslibhibngcid decomposed
cycl ohexanone, so that formation of a ketone as a

to obShdg ﬁeﬁ@?&%n&ﬁx@tﬁ?l%ﬁege{&ﬁ@ﬁkltYne LBmE RiiSe (see patent
process, however, the yield of the ained

cycl ghexyl benzene, hydr oper,oxi t.ai ned by the
docunBE 31 R TOaR] i g cPoberTene s PEUEReT oW ="gRa £

its industrial value is |ow 20[0005]Accordingly, in
seleqdiigdic vt 61 alle B HrUbISEROTER YT BpY Y EhRNZang Nvsirgrespride

mat eri al and acetone that is produced sinultaneously
obtaiwed eymahat@iniatg can oddwandagerpibutyd bennene jx aoegys about

wherein the yields of oxidation and acid

80%, GRCORROShd]©MbRl ed gbest thhhers: havacBespneionosed formed
processes in which acetone sinultaneously SF-1827 3

r ed j.s.r as_a. r.i f .the cu
2s 2 SRS nE e P S bR Ga Rl S B B
~readily converted into isopropanol by, hydraogenati on,
Prepay@tiRat PAOREBEesEC | MSMTER IS BpPERaRoT™ i B FlEt her
subj ected to dehydration reaction to .convert it into
5 Pl ene, thenhthe propylhemsebesn rest pdorpsdd a process
benzene to obtain cunene and the propylene is
in whieBy&}€ibhsyabeaweBl@Htiaainef f+He GHNBAexPhOCLSIShadsene is
been proposed (see patent docunment 3) . In this
e : [ pr
o e e o o o LR A e
. Step are further, required. 10[ 0Q06] Accor di, ngl a .
this e5Re3s”, BGRTEN ] SHrBRHOPY ot JreeBy ting Yhe Tesulting
hydrogenation of acetone is directly reacted with
cycldhe@@ract oso it th fegmanacnast redstpnrepos ed sideeproduct can
pat ent docunent 4 and patent docunent 5) . Especially
be avbhdad Fateat 1 docuiethibprbbese, hasebeen ttleserdllbest ane aimed
process in which acetone sinultaneously produced is

cyclo:SAnarkad. ﬂﬁ&é%i@%%@%%iﬁé@ Bgt Ne io%%ﬁé? P3R%Ucaction

I'S reacted wi tth benzene to obtaln cunene, usi ng
t he cunene, .phenol is prepared. In this process, .
of CYN RN RS AROGRMRT O SUh 15 FBGUFTBLE ¥ £Fohov -
to the original cunene process. [ 0007]In contrast
wi i GHe abovéccesdanplpeess ¢¥dsthitch a20idceromeems of
si mul t aneously produced is recycled w thout
propylngiceasiangithe nawbedtofi St epsl aketbfe cOmvENtd @rakduced
cunmene process, that is, a process in which acetone

5 imuli].?ag%{oru%@gl whi @ﬁltaggt%.%%hné’ &l¥f gﬁ@anﬁﬁfé %Egt?tget ggﬁ@ne process

osed a process pfeparing an al _
wnerdOBLI & SOMPOUND, ; conpr! Sg. 1eacting an, &/ omaLiG,, o oo,

there have been proposed processes in which acetone simultaneously
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SF-1827 4 in the presence of a solid acid substance
sP-1gamd a catal yst conposition containing copper (see

pat ent docunent 7) . As the Cu-based reduction

catal yst in the exanples, however, a Cu-based

catal yst containing, as a second conponent, Cr or Al

and a slight anmount of Zn is only 5 discl osed.

produddt B8rredyiclics desChihethddaiaze@ the &mn@epy@@éis@%y the
the solid acid substance, but O-zeolite is only

I ex The nt. .l.nyen S

Hse d%hg%ggéggrmc %éﬁ%lJﬁ?ca¢§$ st n %lu?%g%&ﬁngsgékékéji%%o
chabazite as the solid aC|d subst ance, but_ cunene was

lSOpﬁﬂﬁ?“P&ﬁﬁéBYQF?gﬁ%ﬁqﬁPnfNﬁ?éHV%% Rﬁﬁﬁ%§52€bWPﬂ€§-lﬁ9&§P€anOl
i s one havingrmuch smaller 10 pore dianeters as

is fuoiegar edbnetbedmiecehadrdi-amet eescofomenzemavert it into
cunmene (non-patent docunent 1), so that it is readily

propyle@@ynath fid otk BgyIeact b @ dctrsalfi thSpd RISt HbBL M & Bumene
such a catal yst. As described above, fo nation of

of r f

and cBY TR EP Rt AR T LAERR Y ol IS 08N s Rl process
result of actual 15 |nspect|onb¥the present

has beay &1opPsedal Qﬂﬁﬁ%ﬁﬁﬁQEﬁﬁ%m$W%§ fr OFfRERE DRECLESE o REGVET
as a side product by any of the above catal ysts; and

there He prprelsbas Predy étet bwbestrsat ilsfeact er pydsogenation step
i ndustrial production processes. That is to say, the

and 5ele@&idruit ¥n Oft SyInERe fius k' eBBl:yré@W in the Case of
the conventional catalysts, and the industria

| g as not
Horladine | O 2REBTaEane d%afioa%ésap B ok orﬁpﬁsml
91972/ 2 Patent docunment 2: Grant Pate

obtaijjed %!éﬁg‘ﬁ%%%%ﬁl%? ﬁFeBSE‘ﬁrfeﬁwF‘l’éeCtﬁalb5ﬁ§§%ecﬁ>é[%%ﬁ1benzene

Lai d- Open Publication No. SF-1827 5 174737/1990
to obpaiaruniseuneatoesn Depretsst (Paeapatard] dogpeent 4 and patent

Publication No. 231442/ 1990 Pat ent
docurg@aurggnt Espehﬂman@senPatpmtehaj@béQMﬁhthblkﬁatéOMaﬁkbeen
535497/ 1999 Pat ent docunent 6: Nati ona

descRHRld Gabi-gR-0f {Ata{nal 'a%@%longatsgﬁﬁl%e%@%s%r%ggged is

Pat ent docunent 7: National Publication
|onaI Pat ent 16/.2005 10
conTe R aNt 1 CORERP R VBER Ao pSosbarats Hogpacted with
DI SCLOSURE OF THE INVENTICN
benzene to obtain cumene, and using the cumene, phenol is prepared.

In this process, however, a hydrogenation step is required in addition
to the original cumene process.

[0007] In contrast with the above, as a process in which
acetone simultaneously 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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PROBLEM TO BE SOLVED BY THE | NVENTI ON

SF-1420008] Accordingly, in order to directly react acetone
15 with benzene to obtain gunmene, devel opnment of a
novel catalyst system of higher activity and hi gher
selectivity has been desired. MEANS TO SCLVE THE
PROBLEM [ 0009] The present inventors have earnestly

in thetpih=RthdeNo2Q 96Ued 2lca dsohverdme: abave caEaby et or@Bdition
as a result, they have found that by using, as

contaﬁ%‘iﬁl yt;sc;pﬁvera Scécg gg‘t&% SOéHRéF e aﬁ%dtﬁe %ﬂt %ggé& eructlon
conposi tron cont |n|ng specl metals 1n a
%nt|t ratio 3¥ u5|ng a ketone such as acetone
catalystai s E4EBRpSN as AR AR hRAT Y EF b goRtadning,
starting materials, the correspondlng SF-1827 6
as a gekyhdt edrpemandt.i €rcompdlinang uzhslagghtuaenent sof Zn is only
obtained in a single reaction step in a high yield.

discliogetherruttey have f aepdribad frnBédOtOtad be used as the
hydrocarbon as a side product is extrenmely little.

solui§Q§9£EE${aAéét8u§ yZe E 5%%%1 |nv ntl%ﬂyn%?g&xamples

ocess e corres

aromatj c conmpoun r|S|ng reactln an aro
The DA S o8 %ﬁgg YA GG e, tﬁﬂa@%ﬁ%eﬁ@émples

of a solid acid substance and a catal yst conposition

and chahtal ve B¢ Tie &od iZdid aubstrocef i coméle warsgiaty formed
fromO0.70 to 1.60 (atomic ratio) . The present

virtuanuent i drdsredl, Sinchgoi@siessed, othPfepabh8datOnphadBlmal ler

conprising the follow ng steps of: - (a) a step
[ t
pore ﬁgagggg%giggcﬁﬂﬂﬁﬁ%dQ%Eﬁqggge%$;%# aCI%Hgggéﬁ%g§wmene or
unene e to synthesi ze and
cumerig) TpOHEPR ey HoBBEEEE T FEaEiTng S e SHRCLONeP TR g that

. in the step_(Db) MAth benzene to s ntheS|ze curmene,
the regcion 1tsel ) salmpeqsidileretiiesung a Aetatifine As described
obtained in the step (c) to the step (a),
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, a hydrocarbonderived fromacetone
is formed as a side product by any of the above catalysts, and the
processes proved to be unsatisfactory as industrial productiocn
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 &ll.

Patent document 1: Japanese Patent Laid-Open Publication No.
81972/1982

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

Patent document 3: Japanese Patent Laid-Open Publication No.
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wherein the step (c) is carried out in accordance
sr-1Whtbh the 20 aforesaid process for preparing the

al'kyl ated aromatic conpound; EFFECT OF THE | NVENTI ON

[ 0011] According to the present invention, using a

ket one such as acetone, an aromatic conpound such as

benzene and hydrogen SF-1827 7 as starting
1747§9E%5§§Is, the correspondi ng al kyl ated aromatic

cohpound such as cunene can be obtained in a single

reaction step in a higher yield. Therefore, in a

pr B8ESRT IOCUpERpat 1 HgPpReRBI PByeRthEa tdmRife Frbédsation No.

acetone that is-sinultaneously produced-can be reused
2314ADre9%0efficiently. Mreover, the process of the

present invention is an epoch-nmaki ng techni que such

thagrbherRcusene sl fhpuRRse Paxatabhiy-Rainveen1ideion No.

resulting cunmene and cunene obtained from propyl ene
35499r1§§§propanol and benzene, so that phenol can be

p{epared extrenmely advantageously fromthe viewpoints

of _process and econony. 10 BEST MODE FOR CARRYI NG OUT .

THER T RVENAT@e 1001 B F honde PrbAeFhbiProtf Ihemeddonal Fatent

invention, a solid acid substance and a cat al yst
No. B®BP®S/200En containing Cu and Zn in a ratio of Zn to

Cu ranging from0.70 to 1.60 (atomc ratio) are used.

15pL Peh 8o PHRSANT : HAVESLAOPuLY D2 RRAVE: 1NV GRIIGREN S tent
have only to be used, and the nethod of utilizing

' m i specifically restricted. That is, acid
vo. IS P

conponent that is the solid acid substance
and the catal yst conposition conponent containin%
| e¥SR-TRfattd 2RUREY thé : phREERFT v VRilxellr PP a 404t~

particle | evel of centineter

at
(st 1984

DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

f0008] Accordingly, in érdelr to directly react acetone
with benzene to obtain cumene, development of a novel catalyst system

of higher activity and higher selectivity has been desired.

MEANS TO SOLVE THE PROBLEM

[0009] The pfe.s'ent inventors have éérnestly vstudied in
order to solve the above problems, and as a result, they have found
that by using, as catalysts, a solid acid -subé;tance and a catalyst
composition containing specificmetals in a specific gquantity ratio

and by using a ketone such as acetone, an aromatic compound such as

benzene and hydrogen as starting materials, the corresponding
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20 size, or after they are finely divided and m xed,
SF-1 gg'resulting m xture may be nol ded into catal yst
rticles of centineter si%e, or the catal yst
conposi tion conponent containing netal's may be
supported on the acid catal yst conponent that is used
as a carrier, or contrary to this, the acid catalyst

0 nent be supported on the catal yst . SE-1827 8
ALKy LR SPTOh L G SHIBHAIE. BOTR o i e &F STHHES s Hisbdinale
as a carrier. _ [0013% In the present ,
react iveAttp AN 2itighsyigdsbr t BATthesmthpE havedseinditdagfformation
activity and selectivity that the netal quantities in
of atigdeaialpst agoaPOsdd ipvduert dinieny r&ne andl At lar.e
such that the 5 atomic ratio of Zn to Cu is in the
ra f 0.70 1; QLA 44y tan .
r aptlg(gl(ﬂs | ess T?’%gnl%.g%s,ayt'hghgcrt[ I Vi ?)]; %\radéﬂt%ﬁgﬁ Hibproces
£ selecLivi%é are insuffj.cient, %%g i.f _the atomc ratho
or RIS 186, CPRESIRIIVINY TN Gt FEPERYLC fpgPounds
atomc ratio is preferably in the range of 0.80 to
compi$0g TReckbrd @t 2apPnLiiG SAWPOURE YHHye betore and hydrogen
preferably 5 to 55% nore preferably 10 to 50% If
in tHhprasoud o6fa GeltiHadcid sabsaahieearspecias liystt @mposition
small, a large catal ytic anount becones necessary,
cont ¥k A ufa%ﬁftzﬂrir@'aseaﬁf& QERSNEXS @SSE MRy 1 RP £ L8R . Heco 1. 60
- cost of equipnent is high, resulting in poor econony.
If the, content of Cu.i.s toqg .large,,a proper atomc o
(atopig FRCHT) 2n 105 RATSERRGY SIS 48 haPhPaRTEaCePa0Pe RESH TS
regard to the conditions other than the quantity
phenehyt jepmprizangot oy, foklttidy affeReordi't i ons di scl osed
in the patent docunent 7 can be utilized in the
pr ooess safert b prédening nuendnonto Eonhvexanpt ejntw tdumene
regard to a process for preparing the catal yst 20
hydr iide on containing Cu and Zn, other conponents,
utilizationnethod, specific exanples of the solid
acj,d subst ances, use_.nethod,. etc S .
co”%iff&%?? 8 c?cals%?%%@%3$ﬁ§%H%k%g§%%8g0%¥ﬁﬁﬁﬁeﬁﬁﬁ%de to
be utilized. [0016] For exanple, the catalyst

- synthemdzcsiphieaR L coRtlap AE RS,

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

(d) a step of recycling the cumené obtained in the step (<)
to the step {(a),

wherein the step (c) ‘is carried out in accordance with the

aforesaid process for preparing the alkylated aromatic compound.

EFFECT OF THE INVENTION

10011] ' According to the present invention, using a ketone

such as acetone, an aromatic compound such as benzene and hydrogen
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SF-1827 9 Cu and Zn may contain other netals within
[imts not detrinental to the object of the present
SE-1BAVention, and exanpl es of _the other metals include
Al and Fe. In the case whefe the cat al yst conposition
contains these netals, the quantity ratio of themto
Cu is not nore than 10% 5 by weight. [0017]1n the
catal yst conposition containing Cu_and Zn in the
as stprédBAMAtREEALE o FRe@PTHREPRRAARY ANEY LA ERT 2EPTRt ¢ Fempound
but it is preferable that Cu and Zn are each
such eentamnaed dan béeftaiinkdoin & sthale arbdeioMserpoimer higher
netal s are contained, those netals also are each 10

yield! ei@abky in {he form ol @y oxbgeriAl thadeh Bhehe cumene
process for preparing the catalyst conposition is not

specifically . .restricted, the catalys SLLi
procd B pAERAPRR B frs BHTAr B o kR Seacer B Ayl oel "o
~of the wet processes include an inpregnation process .
effighenal vo- BPEeP TR atthenPpreres £ Ehe tHSSent: pevention 1s an
co-precipitation process 15 is preferable fromthe
epociimaipoigtethai ghé gluccthut t yherse dbtmb medference in quality
[0018] As the catal yst preparation process using the '
betw& RRCLBLL At 10D REREESEnd [ABIS LN PP ECLhI @ Wene or

nment 1 oned, for exanple, a process conprising bringing

. an aqueous, sol ution that is m.xt ur e, of e
3500 Egp ARt b A o POREFES S 1T S T6F RUEATT I'C or SnRaret B0 Sikhemely
.as copper, zinc and iron into contact wth an agueous
advarAgRIGH Yo L RO EBF CVEDRRINHE (¥ §F9Eess mretissrrahs:
washi ng/ recovering the precipitate, drying the
recovered precipitate and then calcining the dried
product. The acid salts of netallic elenents are not
BEST M&%: (B |cakrir et bet oftmprawmedoihat oxi des of
netallic elements SF-1827 10 are given by '
dryij al ci ni preci.pita t ai by : .
kAT or ¢ she et kP R el gn @ o1t
~ _Exanpl es of such acid salts in¢lude nitrate, sulfa%? :
acid gHeP HANCEC RREr R 82t BT IEPEF AR R @1 BdRBoth D 2n 10
whi ch are brought into contact with the acid salts of
a ratnet af I7nct & Cel eaegitsg ifmoude’ cap Bo kbt eapficatatald) are used.
nmetals or al kaline earth netals and bi carbonates

In tHd@knt 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 catal"yst compositionr 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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[0019] The nmethod to bring the aqueous sol utions of
acid salts of netallic elenments into contact with the
SF-184leous sol ution of a basic compound is not
specifically restricted pr8vided that pH 10 of an
aqueous sol ution obtained by the contact of them can
be controlled to be in the range of 6 to 9. Exanpl es
of such nethods include a method of mxing the
compPeFielstis CoBPYReh contalpinyg dnero fhatwis msheaaueaysier.
solutions of acid salts of netallic elenments at the
- sap®13iime, a mat hhd pfesddi nhamEgueous $olitipadtant from
that is a m xture of the aqueous 15 solutions of acid -

“the V%L;béla{s gt @éelﬁ SAERES 9 4Ry AGAROMS: a@tgi'q%%nceatles

a basic conpoun nd a nethod of “adding the aqueous

n of a ¢ _conmpound to soI on t hat

in R0 o R S LR s ROl Nl 42 e
metallic el enents. 'Wejemmrﬂuretobﬂngthe

atomigyedus 98| b onCbflsadind téw range aft@d1q doellefBnt s
into contact 20 with the aqueous solution of a basic:
copumd i s naf Spestidnicarbyioest Yas etkpo oVl deHe thativity
the tenperature is in the range of about 10 to about

and tﬁggeﬂe%ggghg?%r@%ﬁﬂlgl%rﬁbt §1‘1(@9§ é% 5 %‘Efd Egtiggxceeds
acid salts of netal I"ement s Mﬁth the basic
c ound. mashed t.h.wa 827 11

1.60,¢ BB o (Tt e 88t P rbott e o beots Mirgferably
then dried by air. or in an inert gas atnosphere at a

in theerpegatel €. 69 BDout>000The asuEentAPfefu drsyilngthe F@nge of
dri ed product. is calcined, whereby the catalyst of

prefedrad ipr 6SEOt5'5%1,Veﬁﬁﬂ60@reélarbblgblai tedk0%lheif the amount of
calcination 5 can be carried out at a tenperature of

Cu th@?oﬂé ZDAECLE 0o Ao i ENEs GAL &1 AA11110N, LIRS é&ﬁ'&ﬁyﬁfa amount

preferably not higher than 450C. A caIC|nat|on
becors g R gl £ o Gt e P Co PR Sreeesi e, so that
sufficiently carried out. The caIC|nat|on i s usual
the cosity P&deBULPTNY He PreSenEESHETARE B} Paen ﬁ@Pflormgaﬁf the
[0021] The catal yst after calcination can be used for
contenfeof eac tisono@s argel, Sz dowpad aitsmat smtposst Mretdat cannot
the catal yst after calcination is treated with a
be malieduGineg.gas such as hydrogen or carbon nonoxide in a
Iqu|d phase or a gas phase and then used for the

onta| 'nglghwgggzgégggfs Jeé¥§%H§HE?8§%e% Ikthan the

or extrusion nolding and then used for_th
quantrlé‘fé(cif? HO Fr ZpitR & pBESRAPS At Ceﬂdht%fé?saﬁlnlécé‘aﬁql ép the
such as nullite or cordierite, a silica cloth, a

'paten$phngwmmﬂknamb@uelbﬂnglnuheguamessDf&he;kmhentdnvention.

‘ forma honeyconb catal yst and-then used 20 for the
For e&@ﬁ@ﬂ_leonm.ﬂ@oﬁésjaﬂlﬁ teAkAbYSlce@NBOsi btk GoRt 2hRi Bfralyst

and Zn is
compositioncontainingCuandZn, other components, utilizationmethod,
specific examples of the solid acid substances, use method, etc.,
methods, conditions, etc. disclosed in the above document can be

utilized.

[0016] For example, the catalyst composition containing
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sonmeti mes enhanced in activity or selectivity by
adding netal salts, such as PbSO4, FeCl2 and SnCl2,
SF-18PKal i netal s such as K and Na or alkali netal salts,
BaSO4, or the like, and thérefore, they may be added
SF-1827 12 when necessary. [0024] The shape of the
catal yst conposition containing Cu and Zn i s not
specifically restricted, and any of spherical,

Cu any|Znnuay cahtadxtotidedmghdl sruisied $hapls nog detrimental to
avai l able. The size of 5 its particle is in the range
the ¢ t0dr WRR R et0At MWL s, Sehldekefp BeLoEdimgot et hetals

size of the reactor. [0025] The solid acid substance
inclﬁg%ﬂ%?\d'f%.t hﬁx Pﬁg%ggta WHIVRNH O Lyt %5k 1 BAWRGains
a Tunctron 'as an acid and-has only to be subst ance
that is generally called a %glhd gffd. As such 10 8 .
thesgdiqiqlgei 'S ENEAEY, T2ElT itle FIST 1T G at UiMOfalors than 103
al um na, sul fur ion-supported zirconia, W3-supported
by weigltonia or the like is enployable. [0026]In
particular, a zeolite conpound that is an inorganic

crystat] i ne panodBe GrmRAYRACespESEddfon containing Cu and Zn
siliconandal um num 15 is a preferred catal yst- from

in tl{x%zpr\/is% oZiL eshtqfonh,eigl %ﬁ&ifﬁ S/ehggg a%? @g%{l%‘jcﬁﬁ’e,‘)fbut it

esired cunene. e zeolrte conpoun

. zeol ite conpound. having a 10- to, 16- nenbered_ox n -
15 pategable dMtoyABRE. 20 Ate e3¢l Go7F ERRFF B TS [opk OF 2 metal
zeolite conpounds having a 10- to 16-nmenbered oxygen
oxidej n@hencdtice fetalterdte cohgalinadi ttdosEIMzls also are each

preferablyin the for%n of an oxide. Althoughthe process for preparing
the catalyst composition is not specifically restrictgd, the catalyst
composifion can be prepared by, for example, a wet process. Examplesr
of the wet processes include an il_-"apregnation ﬁrocess and a-
co-precipitation procesé. Oof these, the co-precipitation process
is preferable from the viewpoint that high activity is obtained.
[0018] As the catalyst preparation process using the
co-precipitation process, there can be specifically mentioned, for
example, a process comprising bringing an aqueous solution that is
a mixture‘ of agueous solutions of acid salts of metallic elements
such as copper, zinc and iron into contact with an aqueous.solu;tion
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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20 ZSM 11, ZSM 12, NU-87, Theta-1, weinebeneite, X
SF-l%%fe’ Y type, USY type, nordenite type, deal um nated
denite type, p type, Ng%ﬁzz type, MCM 36, MCM 56
type, gnelinite, offretite, cloverite, VPI-5 and
uTth- 1. [0028]Cr the zeolite conmpounds, those having
pores of simlar dianeters to t he nnlecular

e o0 B ARS8 BEELELENS D BLOTSLI o

that is, a pore of a 12-menmebred oxygen ring

| of theraipl esliot vihk 7BoFiE EOBBAPOUNIFHEVIAG §tliafa&caﬂesalts

of a 12-nmenbered oxygen ring include 5 Y type, USY
inclutypeit faraleniull € at ¥ pend tgdrverniattdenr Geampées yydethe basic

type, MCM 22 type, MCM 56 type and ZSM 12 . An
compoBXATRIE cOfa G- ARR! J.tn%o%m&qdfﬁvﬂﬂéga@@s IBDSF Rk a11ic

oxygen ring structure includes ZSM 5

crenchfERLELOR LLLSLEALE, O ALY 00 1o RS s v

4992606, US 5453554, 10 Erdoel Erdgas Khole 113 84,

and b199¥P0n3t¢5|EﬁQﬁﬁ§§uned that p type, MCM 22 type and

MCM 56 type.are particularly preferred structures.
Wibb1oegard tohdndthpe b Vo2 abtedss dedatided ofracid
literature that MCM22 is a little superior to 13
t | | t Yo €h! ¥hé YadtlectdMESBut i on
Salts(é‘f%“—“a%%%?%%%% Lkt b ackesh hindloors
literature 15 that there iLttl e differ nce bet
of & Rt CHIBBHPD AmARE T CaRdy: Rartore O Ayt aed Al pa
192, 163-173, 2000) so that a difference in ,
of an a@pePR DFPLYL ben PRE2ERRS bY Fhesaisrckiadarhen ¢r) %Cﬁﬂ%@lle—d
techni ques, there is no description on the formation
to beofinathydraess hoh & hat 9. s Hetplrsntdl stch ecdrieriscahclude a
efficiency, and it is astonishing that the 20

methoaeaftmmdgﬁ tREOHHGE.RS QRAN iy brd hakibydsRganat Widh the
pr opanol is produced with a Cu catalyst in the

s RS A SEL%18 5 PhBh 0, Sonepngunsh S sime

expected at all that the i nhi.bi.tion effects of MCM 22
a methoR| OMEMEE I 2greare FO L hEoR Ghadstd f SHAITUFadio-tt aqueous
silicon.to alumnumin these SF-1827 14 zeolite
solutd¢onpoufdsibssats hé memjd iof e Pgments 2OO/NE agmepus solution
particularly fromthe viewpoints of activity and heat

of a 1Y Idokpouhl, | Snd i hBehé@Nge a0t ipg efrey aBliyobé kdlation of
100/1. [0030] Further, so-called isonorphous

Substit ut I r.ej ‘her .
a ba31 com nuurﬁmeg?,lc hs%ﬁ% S t\#ﬁ% :L% Qmﬁ%ﬂéo%&ﬂg aghgeﬁs solutions
substltuted for alun1nun1atons contained in th

of aciBopptibs sREIMRGH 1S SLEBSRRP oyl @em{v%%almé: sREpag the

of the solid acid substance is not specifically
aqueonestol ot bons anfl syl eklsphef immlalldy pheménad into contact
ext ruded _
with the agueous solution of a basic compound is not specifically
resfricted provided that the temperature is in the range of about
10 to about 80°C.
[0G20] Theprecipitate obtainedbyreactingtheacidsalts

of metallic elements with the basic compound is washed with water
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10 and crushed shapes is available. The size of its
particle is in the range of 0.01 mmto 100 mmand is
SF-18d7ect ed according to the size of the reactor
[0032]1t is al so possible that the catalyst
conposition containing Cu and Zn is supported on an
acid catalyst as a carrier 15 that is the solid acid
substance. Specifically, the catal yst conposition can
at apemuppdrtred bysaahby hopbn hembechtthe tachd°Caral yeen dried
IS inpregnated with an aqueous solution of nitrate of

by al hepietraks anshd BeR seheigietke &Rt bafhd e tMHCRFt NI8SE- 100

netal s are bonded to organic nol ecul es called |igands
o I € o | exes, | e 20 S
o 1 B R B ne BsT b= AR E Llfeitedabiefery ohe
Es‘iqﬁéegnated Wi th an aorgani c solvent and then , )
catalypeitedhe PIRECREFBYCVRESr CaBpEs PR8N Bécadde Sotpination
conpl exes are vaporized under vacuum etc. Mbreover,
can g soautigst ablteat sa a- omEreciyiet atfi shopt AHE'S ite WADER. The
synthesis of a carrier and supporting of netals are
calceaitied tlperdtul82is ISraidnitianeoushyqghyr ananmgce. a
nmetal salt that becones the . catal yst conposition
21 6 i ni ' o aci at al yst
calc PRI BT BRI GE bl OB Sl B0 e T R T e
0033] The ratio of the catalyst cqnmposition
decoppe & HhgichamreZart b2t het Sl d 14e PRt SYb@Es pet- The
in the range of usually 0.001 to 10, preferably 0.01
calcigaPiorn asernmidly emssiadvio iof the pmeseheesy] draoi dn inert
substance. [0034] When the present invention is
gas.carried out, it is desirable to dehydrate the solid
acid substance and the catal yst 10 conposition
co 544 ng Cu d |.C . I
t hgé'@iaisﬂe of a %%xgéeéggsﬁeggc %%né%’lyégt%gﬁogﬁéglg%%l%setd tox
-and  the cocatalyst , are charged..n a reactor and -
the TRacii QR it bl Sa REnpErt ar 804SR LEIRAT Eharasepyst atter
for not shorter than 10 m nutes with passing an inert
calcimat i hs dgeatedotal arradeiding & sugh asheydesagtropr carbon
In order to allow 15 the catal yst conposition
monoxdd an B NGl piad =4y & gaexhtiddid amdthan ¥ed Foeathaerdaction.
in a stream of hydrogen can be carried out after the

dehyghat i on t rgat Ha?@élyi@@%ﬁﬁblgééﬁ%ﬁ%o%gﬁﬁ&ﬁ@% LAd 7n is

char ge proper species of catalysts i n order
. corr ndingly to the stage of 'the .reactigon inc e
sub3 G S B R B R Hh AP ES e SeR pei fidemios i voed
the .catal.yst conposition containing the netals are 7
for thagaghdionhemilxt gre bs stipmogded f2)a gemerhodcanrier such
whi ch the catal yst conposition containing the netals

as mald tehersobtdi acitk, substance aletichar gedng9 @StdD sintered
forma |layer conposed of the catalyst composition

porol&PBhakBi fig £hhe) Ml Al £6oR 4 MORIFBAMtalyst and then used
for the reaction.

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

such as Pb504, FeCl, and SnCl., alkali metals such as K and Na or alkali

- metal salts, BaSO;, or the like, and therefore, they may be added
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SF- 1827 16 side) and a | ayer conposed of the solid
aci d substance (on the downstreamside) , (3) a

sF-1E.thod in which the solid acid substance on which the
cat al yst conposition contanpi ng the netals has been
supported is charged, (4) a nethod in which the
~catal yst conposition containing the netals and the
solid acid substance are charged so as to forma

whenl a¥eEsgAposed of the catalyst conposition.containing
the nmetals (on the upstreamside) and a | ayer

h
f i d j b _ o
CoTRORFLi on cORPITIARG The Rorar 2L en PR HovAlL § St Lning

si de (5) a nmethod in which the catalyst

) . ho ! .
- Cu aggngBsi s it chRdificad Lyhee3brhetedss apReof oiphprical,

aci d ‘substance are charged so as to forma | ayer
cyliadmposed ecft riHedcatdlorsishednpiospdd o aontlabiieng fHesize of
nmetals (on the upstream side) and a | ayer conposed of

its bhetrsell d Acid 3ebshageeoom Wi ey £Be16@UR ¥l is selected
conposition containing thenetals has been supported

n_t he downst.ream.si de a nmethod in which the
acco%%%ﬁ?y%? éhﬁnﬁiﬁﬁjcgit%g)ggﬁgg%ﬁing the netals and the
solid acid substance are-charged so as to forma
| ay8P28bnposedTlde theldaicid sePItatffsiEancesand the present
catalyst conposition containing the netals (on the
invenpibnebmsicder 1and aavayera churposed eb dhensial addabasl only
" substance (on the downstreamside) , and (7) a nethod
to beNaWhiGh 4he TRl st geREPLSH §iam 1ceNtakBing 4d3&. As such
netals 20 and the soli'd acid substance are charged so
sito form.a layer conposed of - the li.d_acid . .
= sof iRl i el o ekeal pet SRl pgn e funina, sulfur
. contai ning the netal s has been supported (on the, ,
1on-gPBPPERRA FiCHfy ¥ BayEP LR FEdCoPLEher SIS d 146 &S
substance (on the downstream side) . The "upstream
empleydelei ndi cates the entrance side of the reactor,
that SF-1827 17 is, the layer through which the raw
nmateppsl s passhnphhei dulast, Ralkool téheom@asid @Ratand an
the "downstream side" indicates the exit side of the
. C . ] [ 19 i . .
lnorﬁgﬁgE 8EP]S£Q§£lﬂlé ﬁo%ﬁgs Cg%?ée)?;lﬁg Hp{);? é\!@gf glifgor[ gl)ﬂﬁ aluminum

errars pass | I"at e reaction.

: 5[/0036] I n the present inyention, the aromatic .

5 & DI SECROYSoubHEl Grea Ve OMBBUAIE GF Borb pgistance and
carbon atons, and exanples of such conpounds i ncl ude _

selepbhyéhe ofdingl depiessd suohnas Berizenzectiglayernocamd, a zeolite
xyl ene, their substituent derivatives, -naphthal ene _

compbonB| 0giesy Suah- awp naphehbkesg éffben ring is employable.
met hyl napht hal ene, and -their substituent 10 ‘

derpygbives. T, s d o _
er[gbf?ﬂ ves b‘gg%ﬂégff%érlg?f Zcr}]n %oﬁé@gpé&ncp&n%”ﬂggggg a 10

of o 20 car a symetric one or

asymetri ¢ one can be used.  Th roup bonded to. _
to 165‘%{%?1%9%@6‘&’&%”3 Lifgr 1% ,ergﬁegﬁkﬁr r&é‘?ﬁ?&d&FeanZSM“i
aryl group. Specific exanples of the ketones include
ZSM-at et B3¢, L e NHE 7ot Aktkel pnee Bmbeasdttephdnoyes, Y type, USY
. 15[ 0037]1t is industrially nost inportant that
t ype GRS A AN ReRZenra0Ri hLAEH atbAferd te0rPbOAlY eQpef McM-22
the ketone and the aromati c conpound to prepare
c 1€, [ act i on h [C: ; _
type TG BEER D FXbRRCThel Al TR ALEPELLY CRRANRY, vers
characterized in that it is carried 20 out in the
and Bflsknce of hydrogen. The "hydrogen" referred to
herein may be a nol ecul ar hydrogen gas or nay be a
hy@P0z2%) bon sueh Ew arclldhexapmpolrals geheratlesring pores of
hydr ogen under the reaction conditions. In the case
where acetone is reacted with benzene, hydrogen has
only to be present in an equinolar quantity or nore
with acetone in principle

O
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SF-1827 18- fromthe viewpoi nts of separation and
recovery of cumene, and a preferred quantity is in
the range of 1 to 10 tinesl,3preferably 1 to 15 tines,
the nolar quantity of acetone. Wen it is desired to
reduce the conversion of acetone to not nore than
100% for the purpose of separating and recovering
acetone, the quantity of hydrogen used is decreased
simil®r essetdra-@nnhequileehasr diantttys of canmenhenae preferable,
whereby it can be coped with. Hydrogen fed to the
and a g?&tféﬂp c?fst BcRE-eSENt, }88¥§rEdr%lrt%%‘éHSbWﬂZhoﬁﬁgen atoms,
en” at acetone to produce water, ‘and
wat er goes out_fromthe exit of .ther act
that HieruPore of ﬁﬁayra?%@aeﬁl S e (REhhe et she zeorits
quantity with acetone is not substantially consuned
compamdsohgvasgan HFEVOIEhPE 8i HePRatesh cgyesn nptng include
proceed. [0039]In the case where a hydrogen gas is

Y typkNtkeduerd horddiei teagde OGeal iRl gased Sorsatalleyt f1s, B type,
contlnuously However, feeding 15 of a hydrogen gas

© MCM- 2&;&% dl nteﬁ%ﬁé’aﬁ@zmw and.hene olf%ebz%&a&;@c%pound

suc ttent feeding that after addition of

, ro e as_at the begi nnjn [ |
havi e i AGTREP RS I g A PRSP o NG E S 2a2-
certain period of tinme, a hydrogen %as is fed again,
or[402%he cas&rem ﬂaé@r@tm@ raeléfeft ﬁéﬁonao:ﬁmrb?g@éﬁ by
‘gas may be fed after 20 it is dissolved in a solvent.

propylRniethaety eherprlecess, raadtyidinogerny .gass A80pees et SITidPb54,
" the top of a colum nay be fed together wth a light

Erdoe*ioﬁgr%ﬁaoécfﬂégé M3 "'§ hoyahy tP ﬁﬁéslﬁﬁr%dolfhahcy EOBEN MoM-22

I's’ genéra 'y equa that of the reactor,

oo S TR 2L LRI SEE AL A0 P26 v

reaction is carried out, its conditions are not
regarspec Pfiyged kyd MEB-PRetdd i salrpardber Frel hbgsatm that MCM-22
reaction conditions hitherto publicly known can be

is a BOoptedupsriberx@peypélhamseaindiit sat iwaitsy aneé sdlswtivity

known, and-they are al so applicable For 5 exanple,
of cuhdfe f %l EOW'UEQ5@9@§EE} O -and 1@%%@&1@@@@&@Q1&eratufe_

[0041] ntact of a mxture of acetone and benzene
at _are.r. r|
chat HLeLE SSY BTFEQULTS S AkS AL, A VAL OORRAES (o5,
countercurrent and gas-1iquid cocurrent, and % ?
a rence in

Journgil et Gail BT svheé 9P gl Bhtr 2300 0)ass freiyPatea

downward flow 10 of Iiquid-upward flow of gas, upward

superfibewtof ot i iqified-idovinwaid fidowlelzrgasin iwapdiét dreasiniques,

liquid and gas, and downward flow of |iquid and gas.

there 9Q42bAE Hough {die Jreaski 0ArkherDel &jfURehy8r8@irbon that is
specifically restricted either, it is in the range of

7det3::4%en 5_32 éFgrq?rﬁjgct %%glegg e a@'fde_ffr %béu%%@rplgkﬂnéo@?at the_

*King pressure 1S 1n the ran
preferably 0.01 to 100 MPa, nore preferably O.

reactignyPa PIARkITe RECBRBS & TURFERT| AT 0 0R Sd%?&aml that

the catal ytic amount used is not specifically
is pro@stad eied z Guicaftad yexamptbe nueseheccusecebereis ﬁ@hlblted
reaction is carried out using a fixed bed flow

depend€¥bC8pon 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 compositional ratio of silicon to aluminum in these
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20 the catalytic amount is in the range of preferably

0.1 to 200/ hr, nore preferably 0.2 to 100/ hr, in
SF-188¥ms of a value obtained by dividing an anount

(weight) of the raw materi fed per hour by the

wei ght of the catalyst, that is, WHSV. The pressure

IS a gauge pressure unless otherwi se noted. SF-1827

20 [0043] When the present invention is carried out,
zeolite jcompbyndddssiibl tha Fangg ebld/énto G004 lgaznd artigularly

inert to the catalyst and the reaction reagent is
from aBeed dupol Aes lFagt t O 19y sha@Meands taid 11 egctiitons it the range

performed in a dilute state. 5[0044] The present

of p{é%6¥§319n59§nt89 66?#? ed out by any of a batch
process; a sen1-%atc process and a continuous fl ow

orBSEER, 7o PSRRI, BLCOLI o8, S e RRLL S 24 3.

m xed phase. As the catal yst charge systens, various
zeol By b cigunitas @thiexethded luinig: diy@d agedd, d10%e, Mn
suspensi on bed and a plate fixed bed, are adopted,
and Bndrtheupytgsentad Avend i iy abems ardrited nedt i rei@nyeolite
of these systens. [0045]1n the case where the

skelé%ﬂ&“ﬁgEﬁsé@é@ﬁ%%%aﬁﬁ§feases after the |l apse of a

certain perio tinme, the activity of the catal yst

ca e recovered b erform ng regeneratign through a

pu (%@ﬂy knowﬁ%fssﬁégﬁoag ?%%4%?1 SFaﬁrS€§FFﬁﬂ%% Spiot

the volume of production of cunmene, Merry-go-round
specifpidedd vi restiiich edacarst ankcdesphaidceds airld ngici anbexipuded

parallel, and while regeneration is perforned by one

and dreaékarshddee [eadtd dmbls.carhé edzeusf hy stiertriediedi@lin the
one or two reactors 20 may be adopted. In the case

rang%%r 8. bPree tLeR6h Ud ML 1858 od0WR QEcLHBMIRY, DS size of

connected 1 n series to reduce variation of
h $ro uction. In the case where the present invention
© 1¥T&ried out in a fluidized bed flow reaction

systemor a noving bed reaction system it _is o
pos¥ile It is also possible that the catalyst composition

containing Cu and Zn is supported on an acid catalyst as a carriér
that 1is the solid acid substance. Specifically, the catalyst

composition can be supported by a method in which the acid catalyst
is impregnéted‘ﬂith 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 ofder to maké thé
metals soluble in an organic sclvent and the acid catalyst is

impregnated with an organic solvent and theﬁ calcined, a method of
vapor depcsition because some complexes are vaporized under vacuum,
etc. Moreover, also adoptablie is a.coprecipitatjcglprocessj11which

synthesis of a carrier and supporting of metals are carried out
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to maintain a given activity by drawng a part or al
of the catalyst SF-1827 21 out of the reactor
SF-18®hti nuously or intermttently and repl enishing the
correspondi ng anount. [004A I n the present invention,
t hr ought heabovepr ocess, cunene can be dlrectly
obt ai ned from acetone that is a side product 5 of the
preparati on of phenol. The thus obtained cunene is
simubrgrieaayailyebasall cwvimgrat Betal $art phepabéagugrhdhel cahdlyst
acetone, and is applicable to such a process

comp&OPIdrs BEt LNl ehesaiadzat e dddxils® RhER E(rQ)adMalef:Qtﬁlyst
cumene is OX|d|zed and then deconposed. Furt her,

o o LSRR R B L o

catalyst In 700 m of pure water, 30.37 of cop
ni 19@3F tri hydhat et eé(m)czltéﬁi%]comeésgﬁl@ &Pntalmg
- zinc nitrate hexahydrate [Zn(NO3)26H20] and 7.36 g of
Cu anal Zmritourhensbl Ad @ ol dnaliysiraatee LAIIENOS) 3206R201F werslly 0.001
di ssol ved to prepare an aqueous solution (solution
to 10A)pregfbﬂaﬁﬁy0@ her +hand.; r8eAfls 8 £0fass08h B 6a8rdORBNEe solid
ecahydrate [ Na2003. 10%20] was di ssolved in 870 m of
4 e mater to prepare an aqueous sol ution 20
aci (%Hﬁ U6 ‘B). A flask containing 800 ml of water was
pre ared, and with stirring water in the flask at
I%Bnper at Hhen i REGSERTOM e he @amiedorte it is
mere dropwi se added to the water at the sane rates.

‘desiAfdler tichelehgdudte nthes|aoliy was dssibsethdomntb@he catalyst

mnutes, the precipitate in the slurry was subjected
compd®: vagUEph A1’} cAk@Nen SF=18461icly known method. In the

case of a fixed bed reaction system, the catalyst and the t_:ocatalyst
are charged in a reactor and maintained at'a temperature Qf not lower
than 300°C for not shorter than 10 minutes.with passiﬁg aﬁ inert gas
such as nitrogen or helium thr'o'ugh' the reaétor. 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
de-hyd.ration treatment.

{00353 - Exambles of methods to charge prolp'ér-'spet:ies of
catalystsin order correspondingly to the stage of the reaction include
(1) a method in which the solid acid éubstance and the catalyst
compositioncontaining themetalsare ﬁixed and themixture is. charged,
(2) a method in which the catalyst composition containing the metals

and the sclid acid substance are charged so as to form a layer composed

of the catalyst compesition containing the metals (on the upstream
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22 suf f ic ently washed with distilled water.

Thereafter, the recovered precipitate was dried for
SF-1827hours in a.dryer adjusted to 80C, and then

calcined for 3 hours in antlectric furnace adjusted

to 350C in the atnosphere, to obtain an oxide. The

oxi de was subjected to 5 tabl et-nmaking nol ding and

pul veri zed, followed by collecting 10 M of the
sidepahderlizzatecnphecgul voeispdtia aws! simtgadei (endhemgwnstream

reacti on tube and subjected to reduction treatnent
sideWM t R MnXeshdas: ohiER/ e Y191 Hedersudie sgerdbh iwlish the

0 V of 6000 (hr-1) and 350C to obtain a catal yst

ss% of. el ement ; . 409 -39 t.om .
catal T G 1L 08 TR L] o F Spported is
Preparation of catalyst 1In 700 Ml of pure water, .
chargsdia(4) efmefgiskrinnkich &her CAYEHEF CABPPELTE R Rtaining
3H20] , 40.21 g of zinc nitrate hexahydrate [Zn
the £&NB)2 HiHI2AE solidFcig efibistencai aratehargedhydrag o fom
[Fe (NOG3) 3 91420] and 7. 36 g of alumnumnitrate
a laponahygnate dAheNSB) 3t MR HomtRker bs sMedntiflg the metals

preparé an aqueous solution (solution A) . On the

o RSP AP LA S BEE S0S N e

water to prepare an aqueous sol utjon solutionzgﬁa& A
and §hepsRt2BIRtaFATRRS SO MFoRta it g tv\%&eg(y@éﬁé%&,he nstream
with stirring water in the flask at roomtenperature,
sidel he{ ok uteithndA ramtiithefsotatdps B onpepes it bpnicoataddeny the

to the water at the sane rates. After the resulting

metadh Wi MRSt i 4@t Eapsiafc8idn esarddtiespracipifcita layer
: in the slurry was subj ected SF-1827 23 to vacuum

complsbhrat Lo AN SIS LebgnLl Y. upshad i Rodit iked (on che

wat er . erea e recover preci prtate was

- dried for 12 hours in a dryer "adjusted, to 8QC, and
upstefEh TR ABE 7 dAYSGPEoE ROt GBCErH TS abstance on

adjusted to 350C in the atnosphere, to obtain an

whicbxheeatThps5coxpdel ween som}a betratheme twbl etasipggmerported

nol di ng and pul verized, followed by collecting 10 m
(on tok dR@ REkYREL dal ¢.( 6T RanguH o h @t €h tas cahal gedcompa@sition
smal |l reaction tube and subjected to reduction

concH AR MEHSR8 bt 100 KMl e, e

PN DRI N LI R R

[ 0050] Exanpl e 3 In a quartz gl ass reactor
comphavt hon godtaieiey the Betmar@natheHgERrefn 40 demang g Layer
g of the catalyst 1 and 1.0 g of p zeolite (available -
compdBed roMtEat abysd sk dCoapttahse | ushei @swiGst rednt dide), and
havi ng been conpression nol ded at 20 MPa and t hen
i fii.ed ;
) 4 b B e g S S E B R o T o chg etale
of nitrogen at 30 m/mn, and thereafter they

and thFeliLactd SHETLENF BT BATHER “AA 3S0EOTBE FduromPosed

in a stream of hydrogen’ : o
of the solid acid substance on which the catalyst composition

containing the metals has been supported (on the upstream side) and
alayer 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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20 at 11 mM/mn. Still in a streamof hydrogen, the
tenperature was |l owered to 160C, then a m xed liquid
sF-1@f>7benzene/ acetone (5/1 by nol) was passed through
the reactor at a rate of 112 m/mn, and the exit was
cooled to capture the product. The product after 3
hours from the begi nning of the reaction was anal yzed
by gas chronmat ography, SF-1827 24 and as a result,

is, ERDCeRLrath QASMONNIBE ttRMPaneRittedlher pddAnbaz €nest half
andwat erwere: "acetone 0 . 1%, cunmene 72. 0%

diisapropylb eng % ang. n-.di;l l.ben .y
of th Gha TPy FRC of S SHESFBETD, CHRD0ST el & Cu side
Reaction was carried out in the sane nner. as in .
of thRaFRAE T, ERekpiSt REE LABCEAtAIGID ¥IjGe epgav materials
instead of the catalyst 1. The product after 3 hours
passf tanthbeldegimbiald of the reactiom was anal yzed by

gas chromat ography, and as a result, concentrations

of [bgs10 conppheaMes pethent t Nafeheivtgnehantwadaerc compound
were: acetone 0% cuhene 88 . 9%

. di i sopropyl benzene 7. 9% sl 0 hen e

s, Soob PR TEY o CORORaT gL 1 D 2 G030 bore gy g oxameles
Exanpl e 1 15Reaction was carried out in the sanme

of suaihpRrPANdsHL IBdaIfs RETF SNSleBP- PRARS TIPS BRT BT et Ouene
(avai l abl e from Sud- Chem e AG product nanme: G99b,

and rwbste pfthelienmiist iCumedf%ie i valdye Ban2pht Mileg%w homologues,
atomc ratio of Zn to Cu: 0) was used instead of the

suchCakah¥phtHaldie RloddehyahtiphtBaens s diomhthe substituent
begi nning of the reaction was anal yzed by gas 20 :

f

.chromat ogr.ap nd. as r C [ f

der i R S onaRt & 6Nt Ct A0 BEbhe SN Rarar e 50 20 carbon
acetone 8.4% cunene 56. 7% mdiisopropyl benzene

atoms3 go6lands UALE6pPERy Phef eREYIRC LS PHet ERRgPpfused.  The
wei ght ratio. SF-1827 25 [0053] Conparative Exanple 2

grouRehohfied wasazi@monyédgoatpihst hEox #enpaanedn asliyd group or
Exanpl e 3, except that a catal yst using copper

an agkinypahe. agpachase éxvmbladbl ef fulemiSudnéheiricd vl acetone,
product nane: T4489, mass% of elenment: Cu 39% 5 Al

% 69 79 ' ' f Zn to Cu: 0.15
meth ?S%Eégé ]{%tc%\égaa c?égf Al QWpHERNe Of Zn to )

I'ns the catalyst 1. The product after

3 rs.fromthe begjnni of, the reaction was

ang$§§§é by ga tch?oﬁ%éﬁéﬁ%ﬂﬁ%fﬁ’gﬁﬁ%a§m%9?%%§htﬁhat acetone

concentrations of the conponents other than benzene ,
and LTtz anst ere wepeted estoAEMBLBAY len péfd g tgye and the aromatic

m di i sopropyl benzene 22. 1% and 10
compRudti 86ppopyd erAsemel0. 7% in terms of weight ratio.

[0038] The reaction of the aromatic compound with the
ketone in the present inventionis characterize& 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 é hydrocarbon such as
cyclohexane that generates hydrogen under the reaction conditions..
In the case where acetone is reacted with benzene, hydrogen has orily

tobe present in an equimolar quantity ormorewithacetone inprinciple
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[0054] Exanple 5 In a quartz glass reactor having a
di anmeter of 3 cmand a length of 40 cm 1.0 g of the
gp-1@atial yst 2 and 1.0 g of MCM 22 zeolite (obtained 15
by conpression nol ding a cepgal yst prepared in
accordance with VERI FI ED SYNTHESES OF ZEQLITIC
MATERI ALS Second Revi sed Edition 2001, p. 225, at 20
MPa and then classifying it as that of 250 to 50011)

fromWBhE $1AIIRAL st BENséheyatese Hd edcaieBpE fimehehomhid a
in a stréamof nitrogen at 30 m/mn, and thereafter

t hey .were subjected t.o r tien,t ; 0
oref e Fg "Bty 7R i aitlE RO dhon oo g Pt anly 1
- _Thereafter, the tenperature was |owered to ,150C in a
to 13t maA of DRy Gge AUantath Phi dcetomen Mk ed FF fdrHred to
of benzene/acetone (3/1 by nol) was passed through
reduthe hecaatwarsdbna atetofie to Roninpng fhannd dehkorghe purpose
was cooled to capture the product. In addition,

of s&HUMNIGPEnPI WRErdh§ h A drledt hSkubB2Tt 2@ DUy drogen used
though It was not carried out in the above exanpl es

. and conparative, examles, . T r . .af ter r
is AfPEe e SRk RARoR B PaTa QLR ISRt iR Sinereby
_ gas chronatograph% (colum _for gas phase,anal%sis: '
it cam e FosED ot CAHSORRESBORAR 115 CRATIRRS AICP0 8F NBDS B e5ent
DF=5UM 5
invermahof acdadted by VARMANb:IogsTC Gl o b6 r ddepubrgpiaspapdlysiwater,
: ZB-WAX, manuf actured by Phenonenex Inc.), and as a

" and £BSH! fatSURRE, ot FFSRPFRPYL BENBENEh&NEbactor. Therefore,

p-di i sopropyl benzene, which were val ues, were

hydrc_:ol_g‘%%ioqglg]qré{% n%h%zq 6J¥}i1§ léjchiva@die%l%o\qﬂaﬁ{]igfmi%hlacetone is not
substantially conéumed so long as an unfavorable side reaction does
not proceed.

{6039} in the case where a hydrogen gas is introduced
tothereaction, thegasis usuaily fed ciontinﬁously. However, feeding
of a hydrogen gas is not limited to this way, and there may be carried
out such intermittfent feeding that after a_ddition of a hydrogeﬁ gas
at thebeginningof thereaction, feeding isceasedduringthe reaction; '
and after a certain period of time, a hydrogen gas is fed again, or
in the case of liquid phase reaction, a hydrogen gas may be fec_I after
it is dissolved in a solvent. In the recycrle process, a hydrogen
gas recovered from the top of a column 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 of feeding of hydrogen.
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Reaction was carried out under the sanme conditions as

in Exanple 5, except that a commercially avail able
SF-xmpper-zinc catalyst (avail able from Sud- Chem e AG

product name: Shift Max 2199 mass% of el enment: Cu 32

to 35% Zn 35 to 40% Al 4 to 7% atomc ratio of 15

Zn to Cu: 1.00 to 1.20) was used instead of the

catal yst 2, and zeolite (available from Catal ysts

&Chemisedl s | ndygthieR EBactidd 15 PavtHH BAEN its conditions
conpression nol ded at 20 MPa and then classified as

t _of 250 to 500 i.3S): u [ f .
are 1R SPeRbRCar LS NG e Bt HETea PR Srdrrpetion
reacti on was anal yzed by gas 20 chromat ography, and .
Con%lanﬁé@ahﬁ,rte@ﬁ@ﬁéplWaPng&ﬁP&ﬁw%@@é iy are. Various
p- dii sopropyl benzene, whi chwereval ues, were obtained
modiifikiaghypnel asise absshowwni, nafidbtbeyt. afHCE&cExapplieayle. For
SF-1827 27 Reaction was carried out under the sane

exanffRdi £hensgoaoirih i@ iBnseX¥f8Phetitls @re adoptable.
comerci ally avail abl e copper-zinc catal yst

(avaj4,abl e from Sud- e Al u X [ ft
Vo 010 s sok BT BF it O3 £5 oA, g heglzene thac
40% Al 4 to 7% ataomc ratio of 5 Zn to Cu: 1.00 to

are reagfipnypaw Jedeeyifdteddthia thedreden Pef pay M carried out
product after 3 hours fromthe begi nning of the

by argacofi gaswasyandlomwed cbpugasntc hmbwteeglaghyd eowhrasna, and

‘result, cunmene, mdiisopropyl benzene and

the Ri9EEEOPE ORI BRAZENG: I\BAE NGRS HBS, aVEbE downward flow
obtained in high yields, as shown in Table 1. 10
[; 7 anmpl.e ' i b react |

o LR L EARPa et 4% 9o G ard e S Sl g ddara f1ow
hi gh- pressure hydrogen, mass, fl ow, a hi h;Pressure .

of g3iSyr BREATHeslOW cowl iant @t ﬂaérfavﬁaogm, 3rfehttp et 1iquid
havi ng a cat'al yst charge 15 part, and a backpressure

and \g#lsve, pressurized liquid phase flow reaction by a
down flow was carried out. [0058]1n a SUS 316 reactor
havigtazgn i nnenldhanghethd®frdacorl t@m@edbtar ovsert
(having been classified as that of 250 to

specifically restricted either, it is in the range of preferably 50

to 300°C, more preferably 60 to 200 °C. Inusual, the wor‘kiﬁg 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 restrictec;l,- but for example, in the
case where the reaction is carried out using a fixed bed flow device,r
the catalﬁic amount is in the range of preferably 0.1 to 200/hr,
more preferably 0.2 to 100/hr, in terms of a value obtained by dividing
an amount (weight) of the raw material fed per hour by the wgight
of the catalryst, that is, WHSV. The pressure is a gauge pressure

unless otherwise noted.
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500 p,) of a copper-zinc catalyst (available from

Sud- Chem e AG product 20 nane: Shift Max 210, mass%
SE-18R7el ement: Cu 32 to 35% Zn 35 to 40% A 6 to 7%

atomic ratio of Zn to Cu: 400 to 1.2) was first

charged fromthe exit side of the reactor as a

catal yst layer on the upstream side. After quartz

wool was packed, 3.0 g of the aforesaid MCM 22

(obtedhed by cbrgpr essippresanitdingeat el akysdrpireepaned it is

in accordance SF-1827 28 with VERI FI ED SYNTHESES OF
21502584 I CNRTER AL Sopecond Bewiseit EYi tion. 2000ne Racalyst

at 20 MPa and then claSsifying it as that of

0. 500,11, Si/Al nolar, ratio: 20) was charged a .
and 08 2RI Oh RS BP OO LPRECRO MRSt S 0B VAL BUSOF g Teaction
_ reactor was pressuri zed to 3 MPa with hydrogen, and
is perbprmecd et poAlidpeat et was carried out at 200C for

3 hours in a stream of hydrogen at 12.5 m/mn given
frone4die ent r ance pgedenofinhentrieactan .beSteiaklried @ut by any
stream of hydrogen at 12.5 m/mn, the tenperature

of a MASH IWeEad 105456 adp Aol X8dnk bW 1 Blious flow process.
- benzene/ acetone 10 (3/1 %y nol) was fed fromthe

entrance_side.of the . reactor and passed through th

The Ay LaveRtiah T D% SR CTOBR0Ty g LuBIig Phase,
the high-pressure nitrogen nmass flow, nitrogen was

a gag mhasfueed at 92001 Mivid PiKRCoPhRES N 88 EhpaFatdeiskesnarge
the reactor exit and the backpressure valve. In the

systémae waftienst bestombackpreasunefyadd dyeda awelehiiged bed, a
val ve was installed, then a reaction gas was

suspdid 1 Q0ueed h8to ANk el AWbpf agésa&gf@@t 98A2PhY present
through a sanpling tube of 0.Z2 mi, and thé product

. s dete mned b as_chronmat ogr, anal ysi s.
el T B ar bt et T U e e e e 1. &y
20 separating the copper-zinc catalyst and MCM 22
frEﬁHi@kh othé?}t§¢GésﬁW@é@ﬂﬁhﬂﬁ%ﬁaﬁﬁéﬁéﬁgbwé§ydecreases

decreased t hough acetone renmai ned, and cunene was
afteobhailapdehifghtyrseireperiml gf time, theactivityof the catalyst

éan be recovered by performing regeneration through a publicly known
method.

[0046] In order to maintain the volume of productioﬁ of
cumene, Mérry—go—round method in which two or three reactors are
arranged in parallel, and while regeneration i.s performed by one
reactor, the reaction is carriedout bytheresidual 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 fluidrized .
bed flow reaction systemor a moving bed reaction system, it ispossible

tomaintain a given activity by drawing a part or all of the catalyst
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[ 0062] Conpar ati ve Exanple 3 SF-1827 29

Reaction was carried out in the same manner as in
SF-Exanpl e 6, except that copper chromte (avail able

from Sud- Chem e AG productinane: &@9b, mass% of

element: Cu 35% O 31% Ba 2% WM 3% atomc ratio

of Zn to Cu: 0) was used instead of Shift Max 210.

The product 5 after 3 hours fromthe begi nning of the

out gaché O MRS rafeh yZath il y0as Qrbtrélﬁfﬁttﬁgh@lPi}Yan@&@p@%nﬂshing
result, selectivities of cunmene, mdiisopropyl benzene

-di | zene, which were val ues, were
thef%ﬁ%ﬂ%§§85§?%igg%% Sgtion of hydrocarbons derived from

ace n%dmas extrenely large, as shown in Table 1. 10
[ 0083 Cdnpar at P FEeBE&FERE TR vention, tRegeyh bhe ghgve process,

carried out in the sanme manner as in Exanple 6,
curmegec epll hehdt racitbp pertcdngni hnon scxitpse (tetaiikabl s der product
Ni kki Chem cal Co., Ltd., product. name: N242, nass%

of thé peleeaRatiolCdr4WANAl.: 18Wrhld WS iusadusietd efblovable
Shift Max 210. The product after 3 hours fromthe

j i ng: Qf oy a b as, . .
s 2 AR OO L BaeRALLhg Tl COR LERLORY 3340 appicapie
acetone was extrenely |ow,_and side production of .
Lo sueh B RRACES SWREPL &F4BY ¢ &otrals ot &2 tom@refdyr gherein
yi el ds of cunmene, mdii sopropyl benzene and :
cumepredilbs opt dirddb emze iden2 Gevhinphsewtr e Fuaties, weriedsow.
SF- 1827 30 [0064] Table 1 Ex. 5 Ex.6 Ex.7
modifications can be provided without any problem.

EXAMPLES

[0048] Example 1

Preparation of catalyst

In 700 ml of pure water, 30.37 g of coppef nitrate trihydrate
{Cu (NOs)2- 3H,01, 32.90 g of zinc nitrate hexahyc}rat’e [Zn(NO3")2-6H20]
and 7.36 g of aluminum nitrate nonahydfate [B1(NO;3)3-9H,0] were
dissolved to prepare an agueous solution (solution A). On the other
hand, 87.44 g of sodium carbonate decahydrate [Na,CO;:10H,0] was
digsolved in 87d ml of pure water to prepare an aqueous solution
(solution B). A flask containing 800 ml of wate:% was prepared, and
with stirring water in the flask at room temperature, the solution

A and the sclution 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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Ex. 8 Conmp. Ex.3 Conp. Ex.4 Catal yst Reduct i on
Cu-

4
catal yst Catal yst 2 Zn Cu-2Zn Cu-Zn Cu-Cr Cu- Al
SF-1827

22

sufficientlywashed with distilled water. Thereafter, the recovered
precipitate was dried for 12 hours in a dryer adjusted to 80°C, and
then calcined for 3 hours in an electric furnace adjusted to 350°C
in the atmosphere, to obtain an oxide. The oxide was subjected to
tablet-making molding and pulverized, followed by collecting 10 ml
of the pulverizate. The pulverizate was charged in a small reaction
tube and subjected to reduction treatment with a mixed gas of Hz/N:
{1/9) under the gonditions of GHSV of 6000 (hr™') and 350°C to obtain
a catalyst 1 {mass% of element: Cu 40%, Zn 36%, Al-3%, atomic ratio

of Zn to Cu: 0.87).

[0049] Examplie 2

Preparation of catalyst

In 700 ml of pure water, 23.14 g of copper nitrate trihydrate
[Cu(NO3),-3H, 0], 40.21 g of zinc nitrate hexahydrate [Zn(NO;3).-6H;01,
1.93gof ironnitrate nonahydrate [ Fe (NO3) 3+ 9H,0] and 7. 36 g of aluminum
nitrate nonahydrate [Al(NOs)3-9H.C] were dissolved fo prepare an
aqueous solution {solution A). On the other hand, 88.03 g of sodium
carbonate decahydrate [NapCOsz-10H.0] was dissolved in 880 ml of pure
water to prepare an aqueous solution (solution®B). A flaskcontaining
800 ml of water was prepared, and with stirring water in the flask
at room temperature, the solution A and the solution B were dropwise
added to the water at the same rates. After the resulting slurry

was stirred for 150 minutes, theprecipitate inthe slurrywas subjected
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Acid Catalyst MCM22 p MCM 22 MCM 22 13 13 Reaction

condi tions Reaction tenperature (C) 150 150 150
SE-18Zk
23

to vacuum filtration and sufficiently washed with distilled water.
Thereafter, the recovered precipitate was dried for 12 hours in a
dryer adjusted to 80°C, and then calcined for 3 hours in an electric
furnace adjusted to 350°C in the atmosphere, to obtain an oxide. The
oxide was subjected to tablet-makingmolding and pulverized, followed
by collecting 10 ml of the pulverizate. The pulverizate was charged
in a small reaction tube and subjected to reduction treatment with
a mixed gas of Hy/N, {1/9) under the conditions of GHSV of 6000 (hr %)
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).

[G050] Example 3

In a quartz glass reactor having a diameter of 3 cm and a length
of 40 cm, 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 subjected
to reduction treatment at 350°C for 1 hour in a stream of hydrogen
at 11 ml/min. Still in a stream of hydrogen, thé temperature was
lowered to 160°C, then a mixed liguid of benzene/acetone (5/1 by mol)}
was passed through the reactor at a rate of 1.2 ml/miri, 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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150 150 Benzene/ acetone nolar ratio 3.0 3.0 3.0 3.0
3.0 3.0 Hydrogen/acetone nolar ratio 2.0 2.0 2.0 4.0
SF-182"0 2.0 WHSV (hr-1) 0.5 0,5

and as a result, concentrations of the components other than benzene
andwaterwere: acetone 0.1%, cumene 72.0%, m-diisopropylbenzene 19.9%

and p-diisopropylbenzene 8.0%, in terms of weight ratioc.

[0051] Example 4

Reaction was carried out in the same manner as in Example 3,
except that the catalyst 2 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, conceﬁtrations of the
components other than benzene andwater were: acetone 0%, cumene 88. 9%,
m~diisopropylbenzene 7.9% and p-diisopropylbenzene 3.1%, in terms

of weight ratio.

[0052] 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: G9%9%b, mass% of element: Cu 35%, Cr 31%, Ba 2%, Mn 3%, atomic
ratio 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 resﬁlt, concentrations cf the components
other than benzene and water were: acetone 8.4%, cumene 56.7%,
m-diiscopropylbenzene 23.6% and p~diisopropylbenzene 11.1%, in terms

of weight ratio.
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0.5 0.6 0.5 0.5 Pressure (MPa) 0 0 0 3.0 0 0 Reaction
SF_18r2e,sult Conversion of acetone (%

25

[0053] Comparative Example 2

Reaction was carried out in the same manner as in Example 3,
except that a catalyst using copper aluminate as a base (available
from Sud-Chemie AG, product name: T4489, mass% of element: Cu 39%,
Al 16%, Zn 6%, Mn 7%, atomic ratio of Zn to Cu: 0.15) 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 8'-8%, cumene 55.0%, m-diiscpropylbenzene 22.1% and

p=diisopropylbenzene 10.7%, in terms of weight ratio.

[0054] Example 5

VIn a quartz glass reactor having a diameter of 3 cm and a length
of 40cm, 1.0 g of the catalyst 2and 1.0 g cf MCM-22 zeolite (obtained
by compressionmolding a catalyst preparedinaccordance with VERIFIED
SYNTHESES OF ZEQLITIC MATERIALS Second Revised Edition 2001, p. 225,
at 20 MPa and then classifying it as that of 250 to 500 u) 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 10ml/min. Thereafter,
the temperature was lowered to 150°C in a stream of hydrogen at 3
ml/min, then amixed liquid of benzene/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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99.7 99.0 100.0 97.0 95.0 56.3 Sel ectivity/acetone

base (% Propane + C4 hydrocarbon 2.8 7.6 0.5
SF-1§24 25 1 e

out though it was not carried out in the above examples and comparative
examples. Theproduct after 3hours fromthebeginningof the reaction
was analyzed by gas chromatography (cclumn for gas phase analysis:
PLOT FUSED SILICA 50Mx0.32MM ID COATING AL203/NAZ2504 DF=5UM,
manufactured by VARIAN Inc., column for liquidphase analysis: ZB-WAX,
manufactured by Phenomenex Inc.), and as a result, cumene,
m-diisopropylbenzene and pwdiisopropylbenzene, which were values,

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 ratio of
7Zn to Cu: 1.00 to 1.20) was used instead of the catalyst 2, and B
zeolite (available from Catalysts & Chemicals Industries Co., Ltd.,
naving been compression molded at 20 MPa and then classified as that
of 250 to 500 W) was used instead of MCM-22. 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-diisopropylbenzene, whichwerevalues, wereobtainedinhighyields,

as shown in Table 1.

(00561 Example 7
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8.6 Diisopropyl ether 0.0 0.0 0.0 0.4 1.4 0.0
| sopropanol 0.0 0.0 0.0 0.0 0.0 0.0 Cunene 70.0 41.1
SF-1%672
27

Reaction was carriedout 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 ratio of
ZntoCu:l.OOtol.ZO)wasuéedinsteadofthecatalyst2. The product
after 3 hours from the beginning of the reaction was analyzed by gas
chromatography, and as a resuit, cumene, m-diisopropylbenzene and
p-diisopropylbenzene, whichwerevalues, wereobtainedinhighyields,

as shown in Table 1.

[00573 Example 8

Using a fixed bed reaction device equipped with a high-pressure
feedpump, ahigh-pressurehydrogenmass flow, ahigh-pressurenitrogen
mass flow, an electric furnace, a reactor having a catalyst charge
part, and a backpressure valve, pressurized liquid phase flow reaction
by a down flow was carried out.

10058} In a SUS 316 reactor having an inner diameter of
1l cm, 1.0 g of a powder (having been classified as that of 250 to
500 u) of a 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 6 to 7%, atomic ratioc 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 guartz wool was packed, 3.0 g of the aforesaid MCM-22

(obtained by compression molding a catalyst prepared in accordance



10

15

20

81.6 33.2 35.2 Diisopropyl benzene 23.4 47.3 27.3 16.7
31.4 38.2 Hi gh-boiling substance 3.8 4.0 6.0 0.0 8.9
SF-18872 Selectivity of value%&gwa 93. 4

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, 3i/Al molar ratio: 20) was charged as a catalyst layer on the
downstream side.

[0C59] The reactor was pressurized to 3MPawithhydrogen,
and then reduction treatment was carried out at 200°C for 3 hours
in a stream of hydrogen at 12.5 ml/min given from the entrance side
of the reactor. Still in a stream of hydrogen at 12.5 ml/min, the
temperaturewas loweredto175°C, andamixed ligquidof beniene/acetone
(3/1 by mol) was fed from tﬁe entrance side of the reactor and passed
through the reactor at a rate of 2.50 g/hf.

{0060] By the use of the high—pressuré nitrogenmass 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 intc an injection of gas chromatography through
a sampling tube of 0.2 ml, 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
production of propanewasdecreased thoughacetone remained, and cumene

was obtained highly selectively.

[00621 Comparative Example 3
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88.4 93.5 98.3 64.6 73.4 Selectivity of
inpurities**(% 6.6 11.6 6.5 1.7 35.4 26.6 *Val ues:
SF-18drfene + dii sopropyl benzene **Inpurities: propane +
04 hydrocarbon + diisopropy® ether + high-boiling
substance 5 | NDUSTRI AL APPLI CABI LI TY [ 0065] The
present invention provides a process in which a

ket one such as acetone, an aromatic conpound such as
beRgapbiema@as carried out in the same manner as in Example 6,

except that copper chromite (available from Sud-Chemie AG, product
name: G99, mass% of element: Cu 35%, Cr 31%, Ba 2%, Mn 3%, atomic
ratio of Zn to Cu: 0) 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, 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 6,
except that a copper-alumina catalyst (available from Nikki Chemical
Co., Ltd., prcduct 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-diisopropylbenzene and p-diisopropylbenzene,

which were values, were low.



SF-184%e

hydrogen are used as starting materials to obtain the

corres

[ 0066] This process is appIqQ:abI e to a process for
31 CLAI M5

i ndustrially producing phenol,

1. A process for
compound,

etc.

preparing an al kylated aromatic
conprising reacting an aromati c conpound

[006¢) th a Ke¥dfieland hydrogen in the presence of a

pondi ng 10 al kyl ated aronmati c conpound such as
ne in a single reactiagn step in a higher yield.

zeotTte—conpound—ang—a catatyst-conposittion——5 T Comp. | Comp.
containing Cu and Zn ip,agatje,ofs Zn.t o, Qugangiing, 3 ! gy, 4
Catalyst (rom0. 70 t0 160 (@tomc ratfo). 2T THe
PEREESSonf QlraPyePari Ngathesal Kylcatgd | agomat | Gueamosng,y | cu-a1
agciel @dvaegkd n cl ai m| 1, yawhesei n t@e aneRedd CveeIpd uncb 8
Reaction cdndididn@ENZene, and he Ketone,is acetone. 3-
ReactibherdpefRese fOL) prepari ngo t he| abkyl at edsoar pmavsc | 150 150
BenzerRPARAUAL masaclratned [i n gl@i m L, swheneinot he zeol ijtes.o 3.0
Bydrogeaypette: nsla zaold tje campound bhayi ng A 010+ 400 2.0 2.0
WHSV (b6-‘menber ed oxygen rli ngo.s5 0.5 0.5 4. 0The| 0.5 0.5
Pressuygpo@@ss for preparing the al kyl abed jar dnat | ¢ 3congourid 0
Reaction regglil ained in claim|3, whereip the zeolite|conpoynd
Convpgsioa| et eegkdieoftlt he gr¥up copstsLi ngl®f. 0zeobT {0e |0.95.0 56.3
Selectivity/eptfone baseZ8Nt 12, nordenite,| MCM 22, MCM 56 and
Propgpe 5t C4 3ydsoqa@opr aces$-§ or prépariing the| allkyl gt €8-1 8.6
DL goprervlice®6ipound a9 cl &ifred | n%P aiim %0 wherCefn |t he 4 0.0
TSOREGPF% conpound is |[MCMP2%, MoMP5S% dr 6‘%-%\4 5. 8055%6. A 303' 02 305- 02
e L K R R TR R e e
High=-bolling substance ) 3.8 4.0 £.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 + diisopropylbesnzene

**Tmpurities: propane + C4 hydrocarbon + diisopropyl ether +

high—boiling substance

INDUSTRIAT. 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

in a higher yield.

[0066]

industrially producing phenol, etc.

This process is applicable to a process for

alkylated aromatic compound such as cumene in a single reaction step
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(a) a step of oxidizing cunmene to convert it into
cunene hydr oper oxi de, 3 (b) a step of

aci d deconposi ng the cunene]hydroperoxide to 10

synt hesi ze phenol and acet one, (c) a step
of reacting the acetone forned in the step (b) wth
benzene to synt hesize cunene, and (d) a
step of recycling the cu tained in the step (c)

to the step (a) , 15wherein the step (c) is carried

out, in accordance with the process. for preparing the

21 Kyl at odh BFOHERT EOG GGG ARy FSNET61 S AP 1o gpound,

5. SF-1827 33 ABSTRACT The present invention
compprievhdeseac pirar essa Femaiki ¢ Forerend e ihsa digtesty ynd hydrogen

reacted wwth an aromatic conpound in a single

in theagkkbeansteprte obiaite idampoantespandi age:lket acegosition
aromatic conmpound in a higher 5 yield. By reacting.an

cont%&?l%ﬁi & %?ﬁpﬁ’ﬂ rh[qwl, %" Jl_lgf'ti‘% %@tﬂlﬂ%(}a@g Mi?l%ef'r&ﬁ' t.h® to 1.60

presence a so acli d substance and a catal yst

conposition containing Cu and Zn in a ratio of Zn to
(atopd S ZAGERY-from 0. 70 to 1.60 (atomc ratio), the

correspondi ng al kyl ated aromatic conmpound is

prepar ed.

2. The process for preparing the alkylated aromatic
compound as claimed in claim 1, wherein the aromatic compound is

benzene, and the ketone 1s acetone.

3. The process for preparing the alkylated aromatic
compound as claimed in claim 1, wherein the zeolite compound is a

zeolite compound having a 10- to l6-membered oxygen ring.

4. The process for preparing the alkylated aromatic
compound as claimed in claim 3, wherein the zeolite compound is

selected from the group consisting of zeolite B, zeclite ¥, ZSM-12,

mordenite, MCM-22, MCM-56 and ZSM-5.
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5. The process for preparing thealkylated arcmatic compound
as claimed in claim 4, wherein the zeolite compound is MCM-22, MCM-56

or ZSM-5.

6. .Aprocessforpreparingphenol,comprisingthefollowing
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 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 (¢) iscarriedout inaccordancewiththeprocess

for preparing the alkylated aromatic compound of any one of claims

1 to 5.



