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SF- 1827 1 DESCRI PRTI ON PROCESS FOR PREPARI NG
SEF-18QKYLATED AROVATI C COMPOUND 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

US| PIO@ESIOIFOR  BREFARTING | A136E AHEr R OB ERE AEMTOUND

conposition containing Cu and Zn as catal ysts and
usi ng acetone, benzene and hydrogen as starting
materi 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
cunene hydroperoxide 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
and a catalyst composition containing Cu and Zn as catalysts and using

acetone, benzene and hydrogen as starting materials.

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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a difference in price between an olefin as a raw
sp—1dgmterial and a ketone produced sinultaneously to an
advant ageous direction, thgere has been proposed, for
exanpl e, a process in which secondary butyl benzene
obt ai ned from n-butene and benzene i s oxidized and
aci d deconposed 5 to obtain phenol and nethyl ethyl
a difketone ah JheSeoB.dden(SrsRat €At r LPRHIERL 2 1 28RL: ketone
pat ent docunent 2) . In this process, however, the
selectivity of the ained secondar ut yl benzene
oroa e gLy hh Sy RSB aPH AT AP e GNP Peen
butyl benzene is only about 80% and in addition, not ‘
propq fRANCATUB Y/ at STEPHREROARB VRLFHrRIPIEGTYsPHTEgrenzene
product. Therefore, this process is inferior, as the
obtaipleen drop refaraieoangrivaessie tie dhedicamepedpiace s composed
yi el d. [0004] Further, there has been al so proposed a
to cbPROE§HRNbN M fBLAYEaNEYkbeRzene Gl 8bned iieOMee patent
cycl ohexene and benzene i s oxidized and acid
deconpgsed t.0 qbtain phengl a cl ohexanone. 1n 15
docurt i TP B8 T cad i R ERR0) af i S5 SaHro AT Sqe e RTE T, T
t he resulting cycl ohexanone, so that formation of a,
seleqtdiidivy a8 BhSi YR CRFONIEEY Betalbrirrnyg didgrpgroxide
this process, however, the yield of the ained
obtained blreklyd benizérte diy difopecondatey dbttailbedzbyetie only about
oxi dation reaction of cycl obenzene is nuch | ower, and
80%, ISl HRAHSATH Bdn Valdie 18 s! oMan 2{DQR5LAce8PHEMEN Y id Bormed
order to avoid problens of propylene that is a raw
er ] nd that. | [ .. st mul t aneo
2s 2 SR R BFEE SR daPhne o BeaP s ERe R S g b
- wherein the yields of oxidation and acid .
PrepHAtaMPoBFPFBRS ar BC hilh€3MeNEn BreCRa el bekf - oposed
processes in which acetone sinultaneously SF-1827 3
pricfddd i s r Eoythed, ashera dasnheenialsobrohesedmemaocess
process by the use of various nethods. Acetone can be
in whieadtyyl eyebkadehBtdhtSeRI0PARe lcyRY ohydengenat b&izene is
so that a process in which isopropanol is further

oo A 864 oL oA 00 L0SL ALL0 GOOVEER bk LA, 3n
s DRSS GuORLPLD, SUUENE, 8, R PLODULSNEL LS e ting

been proposed (see patent document 3) . In this
cyclgfegeasse, haawehert foreesips of o dstenttamta shdetmeeduct can
steps, i.e. , a hydrogenation step and a dehydrati on
be avsi@ed &emb Ul { herlm eigls pedcedd] BOR6TAercandi il ofithe aimed
process i n which isopropanol obtained by

cycl%ﬁ%@%@ﬁ%&h@%ﬁir&@oﬂ%& ébg%fr?éa Ljry{o%g%%gg?a%é)g reaction

ne to obtaln cunene has been p see

tent docunent 4 and patent docunent 5)... Especi al
of ot hRIERRL LoLBRBNIOEE 1 FAFb Thds  DEeRs Gk ehel 45 Lov-
process in which acetone sinultaneously produced is
15l H¥pder t ed ARcoTiddoplBpanol orddtei ot BFoidopropkerd of
is reacted with benzene to obtain cunene, and using
propylccwiane i sphengl nstoreparedl akbBrbhé St0Ges Hroduced
however, a hydrogenation step is required in addition

simulflmt%ttr{]%%ﬁ@yi @h m%ﬁ%ﬁ?n@ﬁ%%%?ﬁdv%?%ﬁg BENORLEBRL process

e above, as a process I n

wherein the yields of oxidation and acid decompesition are highest,

there have been proposed processes in which acetone simultaneously
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20 acetone simultaneously produced is recycled
spP-18m1 hout increasing the nunber of steps of the

conventional cumene process, that is, a process in

whi ch acetone is directly reacted with benzene, there

has been discl osed a process for preparing an

al kyl ated aromati c conpound, conprising reacting an

produdic@Maki Lo GATRAUAE bl fatkét DA ANEnBYEARIRNpr&FedB2E the

4 in the presence of a solid acid substance and a

lyst . cC jtio ai ni c r..(.s nt .
use oo vAriRhsSERRRL PR E0NS Gt T R VS BBaPBLER e
_ t he exanpl es, however, a Cu-based catal yst . ,
lsoPQﬂB%ﬁ%lﬁﬂh8¥d5§9%9§%%%hd5%6ﬁﬁﬁhéﬁFPC@@SdF1ﬂplﬁﬁ&ﬁﬁprOPanOl
slight amount of Zn is only 5 disclosed. Further, it
is furghdesenbbedtedate Zeblvdretdan beadgsech as tdveveoki dt into
acid substance, but 0-zeolite is only disclosed in

propylR@ e XaE €8 pFBBy PERS eRt-daealfiith wsefbid€s obtain cumene
copper-chrom um catal yst in the exanpl es and

S. C ce, C e_Wa

and cEEEREIERE S EEaPLed R G LD B LR i ooss
i s one havingnmuch small er 10 pore dianeters as

has beghpsceasifit (P eroPF N arOUiamRt /s of" bBh3 @FECEFS, however,
cunene (non-patent docunent 1), so that it is readily

thereprissanpdobhert g teactvonstesel fi.ies i apbpsrdfenatiitdn step
such a catalyst. As described above, fo nation of

and WIS 1At s6& iAot hernrbheieage of a solid
acid substance different fromthe exanples. As a

re of act ] e igggyt e.pr .

in@gk#%rs, a ﬁ%%?%%%#%%ﬂd%%ive ro%gcgﬁgﬁé %%?Qﬁﬁﬁ%&ﬁl

as sid roduct by_any of the above catal ysts, and
obta e by HYBLBasnpT tRALHE PEChENErh ErGitbFyaghed with benzene

i ndustrial production processes. That is to say, the

to obsaflacrumaneyhof kagrepeopesasktisemsbatdrondpaunsret dased phtent
the conventional catalysts, and the industrial 20

docurieemel5)hasesipdcibady raashpstaht alidcument 6, PAkedthas been
docunent 1: Japanese Patent Lai d-Qpen Publication No.

descﬂjc%@/aléggcgéé et HOCHTBRL +2neUs Pou PF &n & @it E@’Bﬁﬂfzed is
No. 0162448/ 2004 Pat ent docunent 3: Japanesé’ at ent

Lai d- Qpen Publication . -1827 5 174737/ 1990 .

con G o AP hHRRE A SlpanisBe TR SRPPTRIH et Toacted with
Publ i cati on No. 231442/1990 Pat ent ‘

benzefse iRePRT BN FHPERRSs @NPatehnd Hiel capene pulilgnedt Lo aepared.
535497/ 1999 Pat ent docunent 6: Nationa

In thPsplriocatsphosbvient armaltogralatRatesnteNDs r&239856d4 20Q31dition

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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Pat ent docunent 7: National Publication of
SF-1datternational Patent No. 513116/ 2005 10Non- pat ent

docurment 1: ZEOLITES, Vol .44, pp. 202-213, 1984

DI SCLOSURE OF THE | NVENTI ON PROBLEM TO BE SOLVED BY

THE | NVENTI ON [ 0008] Accordingly, in order to directly

react acetone 15 with benzene to obtai n cunene,

in thdeyedepmendt of sal Neweli dcahBbstcs wstiedncata i gh&omposition
activity and higher selectivity has been desired.

contéﬂ@% t%ﬁ%ﬁ%&%@éé- g ngkgggqglrﬂﬁagﬁgigugaFedre ugtion

i nve ave earnestly studre ef 1o solv
t he above probl ens, .and as a result, they have found .
Cata]‘(yﬁg't 1Bythfs ieﬁafﬂpigscét%%ﬂ%, aac%k?aﬁfdat%%a%%%t%émmgf

and a catal yst conposition containing specific netals
as a isgcandpeeipérerjuanti vy Aht &od andslbyphysiemguat kef dimeis only
such as acetone, an aronatic compound such as benzene

disclaiednhy drnogee9sistiay Hepgr MBé@rdnaltSzed e L 0N GSPABEN NG the
SF-1827 6 al kyl ated aromati ¢ conmpound such as cunene

co1id 2 FRLALOEELLE B,2100LLERSLIEN PLEPI Bl M OR oot

ave 1oun

hydr ocarbon as a sjde product is extrenmely little.

Thepy lrfhvaﬁﬂ*%°§stu&€-§’§3",e ﬁpf?P@ep?—é%gﬁeﬂlPWéﬁﬁhsﬁt i§the examples
process for preparing the correspondi ng al kyl ated

and chrbanite aconpoeed ldounpt Bubsgareacthuigcanerg vaatiet formed
conpound with a ketone and hydrogen in the presence

virtwafl 1§.saldtkarird Swist sasie o] ehend b ¥aé heoipgsutheRal ler
containing Cu and Zn in a ratio of Zn to Cu rangi ng

pore HiaMPef0 éé’éﬁﬁggr%@tQﬂkﬁ ﬁ@%é&ﬂlar-HT%mBE§§%Q%%§ﬁgfene or

invention is a process for preparing
risin foll ow

cumery TRRh PSR COREMEST o doRverhat (s A FoaibnepTesindl that
. hydr oper oxi de,

the redction 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, 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.



10

15

20

(b) a step of acid deconposing the cunene
sr-18%@r operoxi de to synthesize phenol and acetone, 15(c)
a step of reacting the acetone foinmed in the step (b)

wi th benzene to synthesize cunene, and (d) a
step of recycling the cunene obtained in the step (c)
to the step (a), wherein the step (c) is

1747%?/59&& out in accordance with the 20 aforesaid
rocess for preparing the al kylated aromatic
conpound EFFECT OF THE | NVENTI ON [ 0011] According to
t hB2pPRS RCURVEM i JRPANSF RGP Wt bAdT Bgblication No.
acetone, an aromatic conpound such as benzene and
2314hydipgen SF-1827 7 as starting materials, the
correspondi ng al kyl ated aromati c conpound such as ~
CURBRENE A RRAPI A NRPahBsa SifHiers eacipdNpabePcdilich No.
hi gher yield. Therefore, in a process for preparing
by the cunene process, acetone that is
35499ng$%aneously produced can be reused nore 5
efficiently. Mireover, the process of the present
i nfeherbACT ISRt %pHéﬁlﬂW& ﬁ’@‘bﬂ—é%‘?ﬂrqwéf Epfegrndraenal Patent
there is no difference in quality between the
No. b23@8%/agpxunmene and cunene obtai ned from propyl ene
or isopropanol and benzene, so that phenol can be

pr epagedasxin&®el ynadyani neasu sty fd-0sm iﬁ&fﬂae;%alamtp%tent
of process and econony. 10 BEST MODE FOR CARRYI NG QUT

No. 3 $9§ggg ON [0012] I n the reaction of the present

nven a solid acid substance and a cat al yst
conposi tion contalnlng Cu and Zn in_a ratio of
)

Z
CuNPRARA TR derimend Lo 4E@BITatoMod it iRy - a?rO@”r?@ééd 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 prés’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
rand by using a }.cetone such as acetone, an aromatic comp-ound such as

benzene and hydrogen as starting materials, the corresponding
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15 In the present invention, the above two conponents
SF_1?%¥e only to be used, and the nethod of utilizing
emis not specifically rgstrlcted. That is, acid
cat al yst conponent that is the solid acid substance
and the catal yst conposition conponent containing at
| east Cu and Zn may be physically m xed . on a catal yst

rticle |evel of centineter 20 size, or_after. they .
alky BIE REmS T AR ST et THE Pkl 17 e xt Urs Single
may be nolded into catal yst particles of centineter ,
reactigestep inpdicdt visist. cbapbbRE: Sherbapedfennd that formation
containing netals nay be supported on the acid
of aChydtatsirbeanpengnsiddatrdduatsed astaenatyi kbrttler.
contrary to this, the acid catal yst conponent may be
suppofded on e Cal abysly, Bhol8<be8tCRORIILhOM a process
component containing netals that 1s used as a
carrier. 0013]. I n the present invention, it
for FESAGR KHE FPERFTHE St TG GF BETTOr LY SRRt
selectivity that the netal quantities in the catalyst
comp £ bgus iCE Rohled Ma APAYE U ComPorRday B s acke tang apfdisirogen
atomc ratio of Zn to Cuis in the range of 0.70 to
in tHe pBesence of a [s3014]adid shesatanecardaticiti= yiseSsorigari tion
0.70, the activity and the selectivity are

co;t%ﬂgﬂfgf bal & znon a %@ﬂ?_ﬁ O €0 AL Lo EXRPeHSn b.60 o 1.60

activity i's insufficient. The atonmic ratio is

referably |.n the range of 0.80.t0.1.50. The content o
(atoBiCERE T | nTOREHSGE B I0 Pot orABP § T 58505 igmaring

preferably 10 to 50% If the anount of Cu.that is an
phengkt ismapspednesthe foblatdd steisarcdé catal ytic amount

becomes necessary, and the reactor al so becones

exces s wrepseft batdi heng astimaie equicomeetti st hirgly cumene

resulting in poor econony. If the content of Cu is
hydrd@9o-d:al@e, a proper atomc ratio of Zn to Cu cannot

(b)r 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 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



10

15

20

15 be mai ntained. [0015]Wth regard to the conditions:
other than the quantity ratio of Zn to Cu, nethods
SF-18Ad conditions disclosed in the patent docunent 7 can
be utilized in the process7of t he present invention.
For exanple, with regard to a process for preparing
the catal yst 20 conposition containing Cu and Zn,
ot her conponents, utilizationnethod, specific .
as staxarppasteriahe, SHLi PHGHEIHET Ark¥sat o 8T AR iy compound
etc., nethods, conditions, etc. disclosed in the
such alxovandes Waenbe cartdieedt it izz edngJOGE6FEdon exappl®,a higher
t he catal yst conposition containing SF-1827 9 Cu and

yieldN WRY 08L&l N PLhEELARE &% Wipt-Bbah114dTiphenBPtby the cumene
detrinmental to the object of the present invention,

and exanpl es ,of the_ .other netals ing| F
R e e b e R
_these netals, the quantity ratio of themto, Cu is not
effigiprthanMepesse by thei BReCeFDOL7FIa RIFSERAt ARYRtLion 15 an

conposition containing Cu and Zn in the present
epoch-fmyEintricofechii and dchmajiab aviesanysshe ydtfdeeendbatin guality
is.preferable that Cu and Zn are each contained in '

betwddlf dHd PEsOf ¢ SndrRllen@Xhfle ciieR ebtRIndikabs pdpylene or

contal ned, those netals also are each 10 preferably

. in the formof an oxide. Althou t.he, pr f or
oD p0RaTh 10 REREabat Y&t RGhpBLELy b s PRopr Soarddextrenely
.specifically restricted, the catal yst conposition can
advanpeageapdvedroR, Ther VERWRRINES LTWELCprdt 8! ERRRPY es
of the wet processes include an inpregnation process
and a co-precipitation process. O these, the '
co-precipitation process 15 is preferable fromthe
T calaly TREOBua Chiny | it/EnerToRt ai ned. _ -
[0018] ‘As the catal yst preparation process using the

(ofol j pitation _process,. th peci ly :
me B@@ ﬁ%je d, fo rlone X gﬁpﬁeeafcst& O%r %%: g%l % %c]foe%%rn ?sﬁﬁ}g&téri?’%g i gS olid
an aqueous solution that is a m xture of aqueous

acid syRiBIS Pdagi BRERIIY GPTROCAFIPR ATEAeAtEd U and Zn in

a ratio of Zn to Cu ranging from 0.70 to 1.60 (atomic ratio) are used.

BES

In the present invention, the above two componentsn 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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20 such as copper, zinc and iron into contact wth an
aqueous sol ution of a basic conpound to give a

SE- 1%?%0|p|tate washi ng/ recovering the precipitate,
dryi ng the recovered precifitate and then cal ci ning
the dried product. The acid salts of netallic
el ements are not specifically restricted provided
that oxides of netallic elements SF-1827 10 are

COmMPRR AelPTh FOBPYRGTH CONERANAYY anpaeks pheit &S otscsl aad pprrier.
the reaction of the acid salts with a basic conpound.
 Expimpl Es of suehtheipresdiits imednidenni ttaie, irpdrfane from
and hydrochl ori de. Exanpl es of the basic conpounds

“the vm/ewgelafg o*irmml gniﬁ’d GRALAGY Wi I, Haterac ingt§?|cfvﬁn9ﬁt1es

met al el ement $ i nclude carbonhates of al ka
aIs or alkalln earth netal d bi,car bonat e
n tkiané:PES#Y fcﬁ?fﬁﬂofﬁg ﬁBt%‘E}bt"i”omd?ﬁ e &éSu%uc that the
solutions of acid salts of netalllc el ements into
atomigpiagdée @it Anthe Gyudcodd sdeutrrageort L blsite defBound
is not specifically restricted provided that pH 10 of
an[Gugous solrftienatodiial nadiby st hescomdaot 70f thBem:ivity
can be controlled to be in the range of 6 to 9.

and tﬁéagme%%lqﬁt%% et eds i udey af@éﬁgéox&%%ﬁngceeds

e aqueous Solution of a basic compound Wt

th
ous,_sol utions of aIt of .nmetal lic el enent
1. 60, HHEEE AR DAt Bator TR T IEobs bEererably
solution that is .a mxture of t he aqueous 15 -
in theorapgerkf & 8Acte kdld-s Breneenientc o8l ewsim ¢nt Bhe trange of
aqueous solution of a basic conpound, and a nethod of
prefeaddiing 5t he aspieausres preffeanbaly aA0basispwconpdutite tsodnt of
solution that is a mxture of the aqueous sol utions

Cu th@ft §§'a§h skt 5o Afpdmiaal kb &) eRnls .- a INE-JeCAREL AHWE amount

rlng t he aqueous solutlons of aC|d salts of
cecol BSOS A0 AL B A o o
restricted provided that the tenperature |s in the
the dogig@fofIubiRnNY O S §18Pouf SSOECLPDOYDIPAGE BEREBPRY t afld the
obtai ned by reacting the acid salts of nmetallic
contegltepénts 1w too tlilergeasa Cplf@@’EpD ghdmis nedsloedf Mirt howWat eennot

SF-1827 11
be maintained.

[0015] With regard to the conditions other than the

quantity ratio of Zn 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, other components, utilizationmethod,
specific examples of the solid acid substances, use method, etc.,
methods, conditions, etc. disclosed,in the aﬁove document can be
utilized.

[0016] For example, the catalyst composition containing
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at a tenperature of usually roomtenperature to 50C
and then dried by air or in an inert gas atnosphere
SF-1827a tenperature of about 100 to 160C. After drying,
the dried product is calci Bed, whereby the catal yst
of the present invention can be obtained. The
calcination 5 can be carried out at a tenperature of
about 200C to 470C. The calcination tenperature is
Cu ane &hemaplognhain hitgieer mehahs460MInAL el s meti datrimental to
tenperature of not |ower than 300C is preferable

the dIEGAUSSr RS PFRESHE | Qvaitithe pikekphpBéLoEIhe other metals
sufficiently carried out. The calcination is usually

: [ toi I i nert :

inc1iB551 AR 2 Th AR RS Ol By s R caiee
the reaction as it is, but %% hs %{SO possi bl e thq; .

thesepeicdical (ae WAPEL t¥aF RFRAAToRPE 19 &4t &t ARt RogS than 103
reduci ng gas such as hydrogen or carbon nonoxide in a

by wkigui d phase or a gas phase and then used for the
reaction. 15 [0022] The catal yst conposition
comp@im ng Curandhdn-dis1seh esheskittd chabbetaitakigigu and Zn
nmol di ng or extrusion nolding and then used for the

: [ 1. .can b ' [ :

in AEIRHE Byle G 58 SUEPALLEY ARy A6 BTHRCEEEE) B i

. spongy _nmetal sintered porous plate or the like to -

1s pReERR I AdHAFOHB A RIAFSt S 2T CPRERL IRB 41 20\ E?BP o& a metal
reaction. [0023] The catal yst conposition containing

oxideéu &hgnzZothes metelsmose enhandedd: rhaseingtalprlso are each
selectivity by adding nmetal salts, such as PbSO4,

prefEeSHP, andhSFEER o radkaki deet allshsugh tas pfoardsNarqireparing
-al kal1 nmetal salts, BaSO4, or the |ike, and '

thecﬁ%%&%geE%mp %%%' %SQQ% éﬁff@él&?%%s%%i@@@@,thecatalyst
necessary. z) e shape of the Catal yst )

co psitio% contain%gg and anjs not . s eciggcaE!¥ Les
CompPERLt I FRY PeIHFRATT 0Py 5 pRET TR S\t FREPFEEPSS - B

extruded and crushed shapes is available. The size of
of the|wst mmoceskesi snehudh el s asgnadion PFRIS LGOS

and is selected according to the size of the reactor.
co-precipitation process. Of 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 agueous solution
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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[ 0025] The solid acid substance for use in the present
SF_légwention is a catalyst having a function as an acid
nd has only to be a subsience that i.s generally
called a solid acid. As such 10 a solid acid
substance, zeolite, silica alumna, alumna, sulfur

i on-supported zirconia, W3-supported zirconia or the

|ike is,enpl le..[0026] I n. part.icul it _
aze G B AL TS SPe AR PG DR Lo Er Yt o P Heth B St Feaction

conmpoundconposedof siliconandal um num 15 is a

© of thypeetidr skt CHL ANy basioRPTREUPAewTHPL S5fotheueh acid salts

resi stance and selectivity of the desired cunene. As ‘
inclutiBenzetdid e sc0ffpesnghd aydeokhiertéapodndmhass ngf ahdOeasic

to 16-nenbered oxygen ring is enployable.
compo%gg%%%ﬁ@@e%gﬂghkn%t%%dg&t%mmém Sddrallic

6- menbered oxygen ring include ferrierite,

heul andite, ZSM 5, 20 1 Z 12 7. Theta-1
lenefE i B8 O ST SEbL TERY T S5 R TR b e tals
type, deal um nated nordenite type, p type, MM 22
and bigpsbonmovesehavebe type, gnelinite, offretite,
cloverite, VPI-5 and UTD-1. [0028] O the zeolite
cqupaeYnds, those nehong:pbrdsgofhe dguesksrsbantions of acid
di aneters to the nol ecul ar -di aneters of cunene are

saltsPbef Iﬁé@ﬁfiac andanpsef 8F 8 ehstdUCLMER £8e ARRLES solution

constituted by 12 oxygen atons, that is, a pore of a

‘ 12-menebred oxygen ring.. Exanples of the zeolit .

of & BRI ARG T PRt I TR g BoS o IRhAser Bty shet o
ring include 5 Y type, USY type, nordenite type, .

of an gaateins Aal edhen dbhpteed Ypeheraniset qfimerpcanppcontrolled
MCM 56 type and ZSM 12 . An exanple of the zeolite

to becOnpouadriiey e &l @ondobasedipiesgel sy sttthecsuiaclude a
i ncl udes ZSM 5. [0029] From | iterature on

methodl K¥| @iy ¢hebghzenss Rib10raRY! 806 1hat o Sodbund with the
anal ogous Teaction (e.g. , US 4992606, US 5453554, 10

Er doel _Erdgas. Khol.e 3 % ﬁ%ﬁﬁ%% Licd s Rresuned, .
1 ts at ’
aquecy ﬁﬁo(a“putt]fﬁ%,owgf atlj;l}éedfalﬁ t ?rﬁpe are e bme
particularly preferred structures., Wth rggard to 11
a nethqmel AN LNGMR 2AUPPLS SOGBELPRBEE i 1P Pi Giod tapaueous
MCM 22 is a little superior to 13 type in catalytic o
solutdohbwf pcaddsskel eofimattallot elements 80g-he aggsous solution
5453554) , but it is described in Oher literature
of a basic compound, and a method of adding the agueous solution of
a basic compound toa solutionthat isamixtureof the aqueous soiutions
of acid salts of metallic elements. The témperature to bring the
aqueous solutions of acid salts of metallic elements into contact
with the agqueous soiution 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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15 that there is little difference between themin
performance (e.g. , Journal of Catalysis, 192,

SF-1P@3- 173, 2000) , so that a difference in superiority
or inferiority is not cleafl In the prior techniques,
there is no description on the formation of a
hydr ocarbon that is detrinental to econom ca
efficiency, and it is astonishing that the 20

at areagtameture of odusél prowantehpefattherohydi©genathay dried
propanol that is produced with a Cu catalyst in the

by aptesenceaafiacel gRe htmbsphidid ed depansing umeonrt Bsout 100
type of the acid catalyst. Further, it cannot be

ct . th Lnhi biti .ef 2

ro 1R EEE B sbaar R A LA (R e St oMy cne
iilicon to alumnumin these SF-1827.14 zeolite )

catalyipdiindec iR SSE t e YefHgéoFap/ e Petabrd; dig calcination
particularly fromthe viewpoints of activity and heat

can beaprfiisd out &% & ndnpeneanvge of pbefier2MlC 5o1476°C. The
100/ 1. [0030] Further, so-called isonorphous

calcsuBsibl WeagheParaoki 1 & phataidbIEhakShobher 4aD 450°c. a

al um num such as Ga, Ti, Fe, M and B, are
- il | upi b in.th
cale it od e P Ep SR P P Gl St g ppcavse
of the, solid acid substance is not specifically
deco’i“%%ﬂ#rﬁfbﬁ’,f BhRI PARFLEf CepRett it ey PRhYY iceried out. The
extruded 10 and crushed shapes is avail able. The size
calcphatien partduelidyi saimiddcheut angthefor@sebcami eit @0 aminert
and is selected according to the size of .the reactor.
gas.[0032] 1t is al so possible that the catal yst
conposition containing Cu and Zn is supported on an
aci al yst Ler I 1e_sql | '
i ax e o S e N T
- be supported by a method |n which the acid catalyst
the REAUIBREGAT dd vhitth L SALEE RS SIRIEL O tof P CARA §SbRIteE
the netals and then calcined, a nethod in which these
calchpatpion asdisendddvitd armpsinicd nyodes gheb asahyérbdergandsroon
to prepare conplexes in order to make the 20 netal s
monosidelbh @ Jiiuda pdigan£a 9ak eidscadntd then askd roatmleyrsdaction.
is inmpregnated with an organic solvent and then
catgoged, a mehRod,of1yaPebnEdeResh bh %n*egszﬁsaﬁg &PTRd zn is
conpl exes are vaporized under vacuum etc. Mreover,
.al.so adoptable is. a coprecipitation _process in ich
sup; §ui S RBbIP natinfy BRRARER B o B aR Tihing wiG HSn voed
carried out SF-1827 15 _ ‘
for the reaction, or it can be supported on a ceramic carrier such

as mullite or cordierite, é 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 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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sinmul taneously by allowing a netal salt that becones
the catal yst conposition containing Cu and Zn to
SF-1EPexi st when an acid catalyst is obtained fromthe
correspondi ng netal salt. [0033] The ratio of the
catal yst conposition containing Cu and Zn to the
'solid acid substance is in the range of usually 0.001
to 10, preferably 0.01 to 2, interns of mass ratio of
whenCHebBsihe, sol i d acid substance. [0034] Wien.the
present invention is carried out, it is desirable to
e the spli id st.anc he cat
q@g%_gﬁ) Siti onrﬁ %f scée gg%al%sl@goﬁt %I ggllrtalnlng
knomn method. In the case of a fixed bed reactlon

- Cu agglsfents it cRefhfdcaad TAELELRRGI Pod anyr of cRiIgedat:

in areactor and nmintained at a tenperature of not
cylihdwgrat haxt3DOEdf and notisshdr skeapdshdn dhitiamltes The hize of
passing an inert gas such as nitrogen or helium
its pAEeYENe the iheat{eOkankl &F d8rot erekbood 3wk R4 is selected
catal yst conposition Containing Cu and Zn to exhibit
t r eat_ment a_stream of hydrogen can be
2ol pYetl Gite ST Wi MeRyOFae on 1 Sat mont
[0035] Exanpl es_of nethods to charge proper species of
cat[Qp%ﬁ s in ofderselert espendipgFindc foKreust dgethe present
the reaction include 20 (1) a nethod in which the
invesalibd acid catladtyanc@aahdgtdefwattdlops s canposiad kod has only
“containing the netals-are m xed and the m xture is

to behar 88dst {de aHMR! hadgbRawhL € éathg‘%ﬁbals?ﬁid acid. As such
conposition containing the netals and the solid acid

stan re charged s to;forma | l.ayer osed
a 50§ 9 Re* eﬁéh ey 03| F%h %on arnrng af?ﬁ%ﬁ Su;fur
the upstreant SF 1827 16 side) and a Iayer conposed
1on-gHPPREL D] FiF BB s HIPS T SFRROY i t2HE CABRASPT iR dildfs) is
, (3) a method in which the solid acid substance on
empleofpiechet he catal yst conposition containing the netals
has been supported is charged, (4) a nethod in which

t hepoatal yst cpﬁpgétti@m—aeqntaaizebmgté heom@dalss tahd is an
the solid acid substance are charged so as to forma

morkﬁ}{% C?QEP‘%? %’Ee‘kgg% ??ﬁé@%ﬁﬁé? 8%@ Q%a bk gﬂ:tf&?}{ @4 Nhni num
€O sed of th solid acid substance and the cat.al
ecbfab o aEn I e ToPaPaLToh nECdomraibanre and
S|de) , (5) a method in which the catal yst _ _
selecbihpoby b dlecdds Bfed agneke. 16GSridtcarec kife etepasol, g zeolite
acid substance are charged so as to forma |ayer _
comp6anROseei i 4 hey-calallsihnefibapesi tigderc Aingl AkNgnphWrable.
netals (on the upstream side) and a | ayer conposed of

d aci e t _
o321 o’ conbanStEE T The HER L A CaMANE! beving = 10
on the downstream side a nmethod i ich the
to 1§ FAPRIEE YT F&Hglsp‘i%jd%é%rﬁﬁ%é&?he@nelt% ndfier pest-5
solid acid substance are charged so as to forma
ZSM-1 ay e2SM-orho 3@ £0f, Thetsoli dvaltiabandiseandetyred heype, USY
catal yst conposition containing the netals (on the

£ ype PSS EEaNS %%eandealhayﬁatgemml% t esqt 't?p@c'l‘ﬁbM 22
subst ance (on t he downstream si de) a met hod

[ [ 0 [
tvpey MO MeRG SR EVEST | BREES di%éub%tf%%%‘é%te Ml&@r yPLS
as_ to forma | ayer conposed of the solid aC|d
and YfBstance on which the catal yst conposition
contai ning the metals has been supported (on the
up$682%m si de)Ofinthea demiéreconppowti=nf thheeshdviighgappdes of
substance (on the downstream side) . The "upstream
side" indicates the entrance side of the reactor,
t hat '
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SF-1827 17 is, the layer through which the raw
materials pass in the first half of the reaction, and
the "downstream side" indiates the exit side of the
reactor, that is, the layer through which the raw
materials pass in the latter half of the reaction.
5[0036] I n the present invention, the aromatic
compound is, for exanple, a conmpound of 6 to 20

simi Gaf BOanad s o 8nd neXanpll @s ditmetehs cdnpoends renotefrable,
benzene honol ogues, such as benzene, tol uene and

and %éﬂrgfgrre@%'t&uﬁlﬂl&%@ fyen oggrdd&@ﬂl\ﬁ%%edr@_@rl@hékﬁé@n atoms,
ogues, such as naph hal ene and
met h Ina ht_hal n -the ir_substituent
tnet J5 INRPRe B A nf e bEFos BB e o Sl oo e
of 3 to 20 carbon atons, and a symmetric one or_an
Compcagmmawngoﬁesitmﬂtb@?%@éda Thangisnsherdeant ing include
carbonyl group is, for exanple, an alkyl group or an

Y typal WSy i m&ﬂ%‘dif’dé?t kesueind el ket onreiscd vebeldp type,
acetone, nethyl ethyl ketone and acet ophenone.

- MCM- aC eytq:%g?h]ldﬁ d‘i’éﬁt@?\%&ﬁcﬁ pEAlly. MSted-MPeLiAThd A1 i te compound

e an ne are reacted as a conbi nati on of

. tone _and. the aromatic co und to r

having, ded0-TEOBSBT e YEHLCTON O SeRG AT o T Boeband

with the ketone in the present |nvent|on i's

chi¥0g&ler i zed Firamt Aateratyse ca rdldyladisnt of eewene by

‘presence of hydrogen. The "hydrogen" referred to
propylenel thamys ke andmigens sradidno gery gass él99?rﬁ§)6b§8&5453554

hydr ocar bon such as cyclohexane t hat generates ‘

YEL QAL ri4he deard tifred thdd@ 82 mM-22
Erdo%%q:x%ﬁg%K#%ﬂ% }ggféggtg #Sene ehydrog[gn

only resent in e UI Iar uantd t :
type arehibla0 B 9 REFpRE LTS rémr?ﬁt‘%se . With

vi ewpoi nts of separation and recovery of cunene, and
regaral po 8feypednd MEMP2y it iFmatrribedge) diteraigiggthat MCM-22

times, preferably 1 to 15 tines, the nolar quantity

is a pitﬂceeegperiWQrb Bty dﬁs&d‘ﬁijﬁidﬁdmeiﬂj}end selectivity =

conversi on-of acetone to not nore than 100% for the

of cuRbhPARe 5Of @9@5@55@9, 3¢ {LGAVELd W RCEEL OB hek B terature
quantlty of hydrogen used is decreased to |less than

et SRgEGL TRUELGUTE LY O QSCLABR, HOFLSPE L EBLOE (oo,

present invention reacts mnth an oxygen atom of w
Journ@éepﬁﬁea&%iXﬁ%ﬁjuég wat @351 Ghd 29704 - vl ddfodsdpiference in

fromthe exit of the reactor. Therefore, 10 hydrogen

superipribiect hiarfdriereédy val mit amﬁamtlt;m\Mhehpamerdmeshn;ques,

not substantially consuned so | ong as an unfavorable

thereS hgenéeééééﬁrbiﬁ(?ﬁﬁ Jrothpr esemae i dDGIOhI AylibecEASEr that is
where a ‘hydrogen gas is intraduced

7det3:imental 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 compositional ratio of silicon to aluminum in these
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to the reaction, the gas is usually fed continuously.
However, feeding 15 of a hydrogen gas is not |imted
SF-1887this way, and there may be carried out such
inteLnmittent feeding that lffter addition of .a
hydr ogen gas at the begi nning of the reaction,
feeding is ceased during the reaction, and after a
certain period of tine, a hydrogen gas is fed again, -
zeol e jcomphendase oh theuipagphate/lete t306n 1, sany des§épularly
gas may be fed after 20 it is dissolved in a sol vent.
from kRetHewbeei el & HaOELSSty antHa0gernlgas tyedaves ed fHeomange
the top of a colunmm may be fed together with a Iight

of p{g%éﬂgggﬁg?ft{8h10$y'hOUQh the pressure of hydrogen

Intro I's generally equal to that of the reactor,

it be appropriately ch ed .according to.the
of (0B g OF TR aPagento St S 7 SEOR BT NG U L c ebd
reaction is carried out, its conditions are not

zeol gy aiheireah Inetradst oitbeadthance ydalimpett@dgsahd, T1, Fe, Mn
reaction conditions hitherto publicly known can be

and Bdapteguas: ittheyarer VMaimiousn aoding i cattadnedat @ tales@eolite
known, and they are al so applicable For 5 exanpl e,

Skﬂ#&%&% Iag%n&nﬁggggié)_ns and net hods are adopt abl e.

ntact™~ of"a m xture of acetone and benzene

that are reactjon raw naterjals with a hydrogen gas
na&xﬁgjcarrieghﬁuﬁkﬁyeaﬂ ke B 66 g&kségnce 18 not
countercurrent and gas-liquid cocurrent, and the

specif rasdtlivoress tofl atieel, | anflpdY gAdspiRT igas , il Iberafyl opxtruded
downward fl ow 10 of Iiquid-upward flow of gas, upward

and drueweafsHdpdis ds downmiand o.1 othefsigasof upwasal-tficdw b in the
liquid and gas, and downward flow of |iquid and gas.

rangd %(}:‘48} M trtFtFlﬂghlba%u{ eaet £ 9N BIMPRLHESrdHhd @b the size of
specifically restricted either, it 1s in the range of

h %geferably 50 15 to 300C, nore preferably 60 to 200

¢ X$29%Tusual, the working pressure is in the range of

preferably 0.01 to 100 MPa, nore preferably 0.05 to | |
50021 When el preserrossivam Pt Fie catril¥gt sigmposition
the catalytic anbunt used is not specifically

contaigsitng Cheshd it ifsosuppanpe@,on ant heid askallyeteas ecarrie
reaction is carried out using a fixed bed flow

that 0&Yit¢R s20ikhg-£at ﬁhﬂéﬁ&nc@mUBbe&ﬁfﬂd&lﬂp‘? £ERB0Eatdlyst
preferably 0.1 to 200/ hr, nore preferably 0.2 to
10Q/.hr, .in.terns. of ye i, ned iy Ldi

comp iR cubiim e oBr et g P HeTARh ARy i ke a0 B calyse

. the weight of the catalyst, that is, WHSV. The

is impregaafed with aR ARGt At 1M e S ImEAR S &EhRgtRigLs and
SF-1827 20 [0043]When the present invention is

then calrieddpw meithoidsin 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 adoptable is a coprecipitatiop process in which

synthesis of a carrier and supporting of metals are carried out
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al so possible that a solvent or a gas that is inert

to the catalyst and the reaction reagent is added to
SF-18h@ reaction systemand the reaction is perfornmed in

a dilute state. 5[0044] Thé Jpresent invention can be

carried out by any of a batch process, a sem -batch

process and a continuous flow process. The present

i nvention can be carried out in any of a liquid
simupteseusd yghs phiase.nand megad- salguitdan keconpmdde Astalyst

the catal yst charge systens, various systens, such as .

compds 14 %80 cBefaididd Widizzedzheds @bl stuipensiwidied caﬁglyst
a plate fixed bed, are adopted, and the present

i.nvent be carrie t Ys f t hese systens.
is OT?R&&%% %rPﬂe Oﬁﬁ?%a;ﬁﬁ%% cgggﬁgtlg'act|V|ty
decr eases after the | apse of a certain period of
ti lR033he act ThetIALE Pﬁet%tcé[tﬁ%fs% SAMBEs + bty &PBYaIN1ing
- by perform ng regeneration through a publicly known
Cu antibZmebhide spDOAG|cin sudkerartae raiimt e rehge wdl wsmalofy 0.001
production of cunene, Merry-go-round nethod in which
to 10, V\Br@feﬂaml%eo TEAGHOS S 1ar o dfd dRaRtd PR BEl@l roalik solid
I e regeneration i's performed by one reactor, the
‘4 éb on |s carried out by the residual one or two
act Y520 may be adopted. In the case where three
reactors are used, two of them may be connected in
seld@H Y o r edHBENVERT AUSSRIGT 116?%%‘1}&“1 H%.CAF PRt as d T 15

where the present invention is carried out in a

‘desifdniieditzedehedréteovieaniliioh ayist enborarecarevicnghbedatalyst

reaction system it is possible to maintain a given
compc?scltt!l\é!r; MOI?&'E!Q{:L% Bg #hd2htbPra phbiof1vt REowRt@kWSH. In the

SF- 1827
case of a fixed bed reaction system, the catalyst and the r: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 arl 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 rrrixed 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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out of the reactor continuously or intermttently and
repl eni shing the correspondi ng anount. [0047]1n the
SF-1pe&sent invention, throughtheaboveprocess, cunene can
be directly obtained fromldcetone that is a side
product 5 of the preparation of phenol. The thus
obt ai ned cunene is enployable as a raw material for
prepari ng phenol and acetone, and is applicable to
side$ aah ad ayeacesposedp  itdiersg lilvea dfdordsdiad cet (op the)dawnstream
step (d) wherein cunene is oxidized and then

sidefleCPIPasSRrnhiUtNehi cN O W ImadkEl € aluisneanokhemich the
provi ded W t hout any problem 10 EXAMPLES

48] Exanpl e 1 0 I
cata%ys*b %%ngﬁgtlg%on 60 1'7§ é}{ﬁ}d é’%}&pgnre%%? H%’ée l%ér yg:l?gm:ted is
&CU(NCB)Z 3F120], 32 90 of zinc nitrate
chargpestahlfdr ateetfias N@ewlzmhzé]heaﬁét?l‘é%t §°B‘P°§FEPT?TP1 (fntaining
nitrate nonahydrate [ Al (NG3)3.9H20] were dissolved to
the peephs eanan tAqueolisd soligt isobstsobatamn chprged sheas to form
ot her hand, 87.44 g of sodium carbonate decahydrate

a la @P%o%@ﬁp@ﬂ t%scgtéﬁy%ﬁ/%m&sgz@ozmccﬁfta@.@hﬁﬁgvﬂﬁ@ﬁnetals

0 prepare an aqueous solution 20 (solution B).

' fl ask t 800 f
Con R 9 el oS edV?fng%%nB?gﬁ%&%bstance

the solution A and the sol ution wer e dropwi se. added
and the eaealitefOmROT Hel WaRRN rat2E"d Z\‘P? &etens (g%ﬁﬂet‘? stream
slurry was stirred for 150 mnutes, the precipitate
sided p tHeaslathoy washsubjEet edthbyvaconprEitiemiophaaning the
SF-1827 22 suf f ic ently washed with distilled

metaVelfld tAPe-8aht £F1d 0Bt ecQy eirRdcps efdPEbalLt¥aorm a Llayer
: drled for 12 hours in a dryer adjusted to 80C, and

: f
{:ompo.aJ us‘%P 58'{328%?&%;5*; c?ﬁggg%%ggh%eoﬁtﬁﬁhghg ’Eklfg %‘Egls (on the

bt ai n

' oxi de. The oxi de was subj ect t
UpPStEBRA; HFednang A \ﬁéYYeEeﬁ‘omP%??gv%% t&?ﬁ Egﬂri&ﬁgsﬁgsﬁnce on

of the pulverizate. The pul verizate was charged in a

whickirhkblcateagst onmpodit serdcenibi betrapt hemetedscha ppeen supported

treatment with a m xed gas of H2/N2 (1/9) under the
(on teenitivnsensanki GHPY (6f) Hbh(dhin dhicnth868€a1 psobdmpasition
a catalyst 1 (nmass% of elenment: Cu 40% Zn 36% Al

contg%ziz%omecmreﬂgh_g and the solid acid substance are charged so

"as to form a layer composed of the solid acid substance and the catalyst

composition containing the metals (on the upstream side) and a layer
composed of the solid acid substance (on the downstream side), énd
{7) a method in which the catalyst composition containing the metals
and the solid acid substance are chargéd so as to forma layer composed
of the solid acid substance c)an which ther 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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10of Zn to Cu: 0.87). [0049] Exanple 2 Preparation of

catalyst In 700 mM of pure water, 23.14 g of copper
sF-1gstrate trihydrate 15 [Cu (NO3)2- 3H20] , 40.21 g of

zinc nitrate hexahydrate [Zm (NO3)2 61120] r 1.93 g

of iron nitrate nonahydrate [Fe (NO3) 3 91420] and

7. 36 g of alum num nitrate nonahydrate [Al

(NQB) 3-9H20] were di ssolved to prepare an aqueous

, E0b UtRR {SRIudh PRi theOPalheawddien sheaek 1883 fgret half
sodlun1carbonate decahydrate [ Na2CO3- 10H20] was

i ssolved_ in f ¥ e .a
o t%au%%%%t et oot ek Ea SR 1b T
800 m of water MasﬁEFF ared, and mntg rrlng 1
of thi TIRCTATaSkDAE Yoo W EoNpUr &t HLECUThENLoR AHGASK TRErials
the solution B were dropwi se added to the water at
passt he shaelaateas haAfft ef the resatidmg slurry was
stirred for 150 m nutes, the precipitate-in-the

sl yppyeyas subip Wgre%&Sﬁﬂv@&i& VagpdWhomatic compound
flltratlon and sufficiently washed with dlstllled

reﬁter th v,
g’a]r eax?_rg? S0 &8 Flgourﬁg a&%f@e}% Z%} %é?ﬁérq ﬁd examples
then calcined for 3 hours in an electri furnace
of sugl} eeRePnds BEIEdAPIIHE R RPEPhRTES 1 PSS PR ge toluene
oxi de. The 5 oxi de was subj ected to tabl et-making
and rylehdag thedrpuihsariitoent fetrivativey, cebhebilieng homedogues,
of the pulverizate. The pulverizate was charged in a

suchSHB! hapRAgd 107 ta%@en@ﬂﬁyiﬂﬁpﬁﬁhgﬂeﬁ@ reduehe®d substituent
t r eat ment MAth a mxed gas of H2/N2 (1/9) under the

dition

derlgagéygﬁysﬁj nasé@;of§gﬁeﬁ%9%9§%hQgggﬁégga&%)Q@ Afarbon
3% Fe 1% MOmc:rM|o of Zn to Cu:, 1.

atompOSDPER afiRetF ic one Or| {nAFYERE L iy 8§§ Faadtorused. The
having a dianmeter of 3 umand a length of 40 cm 1.0

group bbntihe vaterysnyl gndup Dsg &6r pxaE0llEt eaf Addilabreup or
15 from Catal ysts & Chem cals Industries Co., Ltd.

an ahlr?\l' BYoRSEN SERARF 88 Sédmp €l esit athe2 GreBac anthdhele acetone,

assified as that of 250 to 500 p) were charged,

methyfﬂegtbpfykg\@&?e %‘f%c%ttoﬁﬁggofn%r 1 hour in a stream

ogen m/mn; and thereafter they were

subj dtor ductlon treal t _at . 350C for r
inl Q%gbjean1of Fyﬂ? WEQ M RO SRy & éﬁg{ acetone

stream of hydrogen, the tenperature was Iomered to
and lB0ENa hen raanteds 3 goreingthen séridrdiigrandihe pyomatic

nol) was passed through the reactor at a rate of 1.2

compBuhfi Bo pREpbd e @xidnewas cool ed to capture the
product. The product after 3 hours fromthe begi nning

of hggheacti op,pas, a0 %7 &de Byh JaS-oFHE PHBEQHPARPRY 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 e 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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SF-1827 24 and as a result, concentrations of the
conponents ot her than benzene andwaterwere: acetone 0
sF-182%%, cunene 72. 0% mdiisopropyl benzene 19 . 9%
and p-diisopropyl benzene 89®% in ternms of weight
rati o. 5[ 0051] Exanmpl e 4 Reaction was carried
out in the sane manner as in Exanple 3, except that
the catalyst 2 was used instead of the catalyst 1.

from IP8e PFOAWSinkt 8F SehOrHiSi I AR hecbegipromgenkheand a
reacti on"was anal yzed by gas chronmat ography, and as a

resul.t, cqncentratiaqns t he 10 nec ot
pref bR R KIS ahauit ol S B gt b O Cenoghe Bererably 1
9% mdiisopropyl benzene 7.9% and . .
to 1p finesopitBpyIdeiy SN8N311Y, Of rPERE - of TR it 1F afsHired to
[ 0052] Conpar ative Exanple 1 15Reaction was carried
reduodttHenctéiersdne cbanetoas ticnn&xanpt han ¥éeper thatrurpose
copper chromte (available from Sud-Chem e AG

of se%faa&%lﬁtn%%ﬁ@ reGB9Bri 18R %1Qnes| ERBRuanClt 329 hGErdddn used

2% 3% atomc ratio of Zn to Cu: 0) was used
. i nstead, of th talyst 1. :
55 o500 B oblR, FRAR G b LB ARy AL RO ereny

~gas 20 chromatography, and_as a result, '

it caprivemorsti BHe of BYHECEBRAPEAR M TBEMEF 2GR BEnLepPresent
and water were: acetone 8.4% cunene 56.7%

invent tlonh sopraapy Whehzemeo:236%=stmar pf did¢sopreoppl bepdere water,
11.1% in teLnms of weight ratio. SF-1827 25

" and {0993} LuWILaLI et EXadml el exit of tifeagdddrWasTherefore,

carried out” in the sane manner as in Exanple 3,
except_that catal yst usj.ng Go Jinat ;
myorfiSEPhn R B8 PR R0 ALY ReBfofe 5o ot

: ct nane:
T4489, mass% of elenent: Cu 39% 6% . Zn 6%

5 Al Mh
subsyapt iz bhy COPaIRed g0 ZRNERTR! BREEIonRkd e SiiP FRefELgn does
of the catalyst 1. The product after 3 hours fromthe

not pegcesilng of the reaction was anal yzed by gas
chr omat ography, and as a result, concentrations of

t hgogepponent siptthey ddwen wherzeach@dtbgsal gaswes elntroduced
acetone 8.8% cunene 55.0% mdiisopropyl benzene

to th%%q?ﬁ:&g y Ilcgle%ia%'ofssz? h gg%# g@g%@ﬁgi%gs%y A Ny b@LPB- Ofeeding
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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In a quartz glass reactor having a dianeter of 3 cm

and a length of 40 cm 1.0 g of the catalyst 2 and
SF-Tg®7 g of MCM 22 zeolite (obtained 15 by conpression

nol di ng a catal yst preparegai n accordance with

VERI FI ED SYNTHESES OF ZEOLI TI C MATERI ALS Second

Revi sed Edition 2001, p. 225, at 20 MPa and then

classifying it as that of 250 to 50011) were charged,

t he{@Otflh?y wer eyHih 8hAte360{nh Qls dahPidg bdtd Std e8Mtitions
of nltrogen at 30 mM/mn, and thereafter they were

j ect duct.i at t r .

are E‘%&r In a fféé% sft%cgr ggegﬁgt %\gaﬁgve%%%ds aLg resactlon
Thereafter, the tenperature was lowered to 150C in a

condiftl @R MRy EP HYER LELY SNAYT FRR Pa ARAPTE ARSI 3 kR Various
of benzene/acetone (3/1 by nol) was passed through :

modifieateact oaratabss dtrewaf, dnd2theynire =wb eppleéxédble. For
was cooled to capture the product. In addition,

exa:&i:ﬁ@st UkBeOkoUBSw VRS IR +68hEI BHd mErH& 226 Qubptable.
t ough it was not carried out in the above exanpl es

arati v a T. oduc r

T a0 bogi niFRGar Thd TRSRD Or s Ah §hddirne that
gas chronatography (col um forrgas phase anaIyS|s

are me@vtpgswmr@@emmélzw B RESAP2DHNEESBEed out
DF=5UM 5

by an@nufagamfhﬂbﬁMﬁRbﬁNtaccunrémﬁnﬁmﬁIga;uﬂdgha@eananyens, and

: ZB-WAX, manuf actured by Phenonenex Inc.), and as a

the a&%g&m&g wghenlmm%paﬁ@mﬂé)@aém 88thny of downward flow
||sopropy benzene, which were values, were

of ]%%%.\382%? h#ﬂ? ylfelg%% %’wé@&"‘ﬂéw O-EaQE,SUJJ_'d downward flow

of gas, upward flow of liquid and gas, and downward flow of llqu1d
and gas.
[0042] . Although the reaction temperature is not

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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Reaction was carried out under the sanme conditions as

in Exanple 5, except that a commercially avail able
SF-18@pper-Zinc catal yst (avail able from Sud-Chem e AG

product nane: Shift Max 20 nmass% of elenment: Cu 32

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

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

catalyst 2, and zeolite (available from Catal ysts

&Chedd gl s | ndisiy ths Geserltt dnyeladmgsbheetried out, it is

conpression nol ded at 20 MPa and then classified as

alsolfilsi0f1 2P0at O 30Q kA WS Hasdndist sadh Of¢ 'E/Q'\/El?ez catalyst

he product after 3 hours from the beginning of

eacti on _was_an 20 chr.omat ogr aph
na th g ol B X B R P e s e u e g e Mact don
p- di i sopropyl benzene, whi chwereval ues, were obtai ned
is pepke ding®, dadusposkaier Table 1. [0056] Exanpl e 7
SF-1827 27 Reaction was carried out under the sane
copold44pns as The bxasphet Invexcept chhdie @arried out by any
comerci ally avail abl e copper-zi nc catal yst

r
of a KA Zﬂi%p&%ai [ OBLROL haheobles Qﬁ?%l&%gl%@ﬁgﬁu% #blbrocess.

to 7% atomc ratio,of 5
The Hre%é’t) %?;“E%%% ?saaalar—‘—?% %Bli}%){ %u T#eqmc} phase,
product after 3 hours fromthe begi nning of the
a gay qpragorifad aaatyred byiges phasamat %rgbﬁyqawsas charge
result, cumene, mdiisopropyl benzene and
systemsu|VHnmbneybpeﬁemme sudl als wetexsdihees, aweleidized bed, a
obtained in high yields, as shown in Table 1. 10

susp&r@@ﬂ'] BXAMRhE B plate fixd$idKH, 2 ahbxgg .1 88811 present
devi ce equi pped"with a high- pressure eedpunp, a

1nventr‘[§c:>?08nre§e¥s u;g P:¥ (glﬁnt g:rasgetnj)i’ ((;3\% tgesI gsh &r Gasure

f UrRace,” a T eact or
hav a catal yst charge 15 part, and a backpressure
5lor essurity B FREBMISERAE FA e SAGtaT 1y decreases
domn fIOM/mas carried out. [0058]1n a SUS 316 reactor
aftehabehgpan dfrmesrithianpteroddf time, theactivityof the catalyst

r:an be recovered by performing regeneration through a publicly known
method.

[0046] In order to maintain the volume of productiorl 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 ie 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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1 cm 1.0 g of a powder (having been classified as
that of 250 to 500 p,) of a copper-zinc catalyst
SF-1@xai |l abl e from Sud- Chem e AG product 20 name: Shift
Max 210,  mass% of el enment: 2GQu 32 to 35% Zn 35 to
40% A 6 to 7% atomc ratio of Zn to Cu: 1.0 to
1.2) was first charged fromthe exit side of the
reactor as a catalyst layer on the upstream side.

out Afft he QHEAICEBr WOkt WASURAGKEE, 13:ddnd teEntNe A{OR@$ALH: shing
MCM 22 (obtai ned by conpression nol ding a catal yst

I j ce. SF-1827 28 with VERI FI ED
the B B b SIS \RTER ALS. Setond Fovi ed
Edigiog 2001, _p.. 225, at 20 MPa and then cl assifying
P04at of InEheRs 566t t1Vestial. FBFaRTh Bhegboypprocess,
was charged as a catal yst | ayer on the downstream
cumegiedean 3j0 0583 They redctioedwasoprasssone Zed tie 8 de product
wi t h hydrogen, and then reduction, treatnment was

of tBaprieedrotiodbf éﬂ%d‘lgr Brd QWS dt a3 nSHI@MErRf i s employable
hydrogen at 12.5 m/mn given fromthe entrance side

. [ f d t 12,5
oo sy BECLERE! P UL L0 2 MECH L LoD B ol Ecue

m. xed |iquid of henzene/acetone 10 (3/1 b{ nol ) was .
Lo syely afH‘é’r?%?ﬁ&"E‘ﬁ’FﬂéﬁB@ it Fetnd Het{dr tarFopatdevherein

through the reactor at a rate of 2.50 g/ hr. [0060] By
cumenige 1gsexiodi zdre anidglthenesisapepni¢d og@nrnass, fyamous
nitrogen was introduced at 200 mM/mn into the mddle

modifachthehyesh the greaciel fxthoanthilheRRGKRr essure
valve. In the line after the 15 backpressure valve, a

swi tching valve was installed, then a reaction gas
was i ntroduced into an injection of gas

&ﬂ@gn&tography t hrough a sanpling tube of 0.2 nm, and
product was dete mned by gas chromat ography

anal ysi s. .
[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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[0061] The reaction result is set forth in Table 1. By
20 separating the copper-zinc catal yst and MCM 22
SF-18£dm each other, side production of propane was
decreased t hough acetone r€#ai ned, and cunmene was
obt ai ned highly selectively. [0062] Conparative
Exanple 3 SF-1827 29 Reaction was carried out
in the sane manner as in Exanple 6, except that
suf f¢opperlchromd eithddisitabledfraimrSudiiGhaaid eAG the recovered
product name: (B9b, mass% of elenment: Cu 35% C 31%

precBpi2%e Mas3dkied GuC 1Ak HfinZA dBydUadPhsvas desed’cC, and
i nstead of Shift Max 210. The product 5 after 3 hours

then! L2248 ?Sg'frﬂcﬂ 18- 0f L B L£AGLIQN RS, aalc}ﬁ%ﬁ‘ie@iyto 350°C
gas chromat ogr ap and as a resu t, selectivities
cunene, mdiiso | benzene, , .

in the di iSERPERF! b zcéﬁélwcﬂ Po Varuesidndps Fyfjected to
and side production of hydrocarbons derived from

tablgtenahngvaeldxng eared pulaege zeds ShblgveacnbYabtlelecting 10 ml
[ 0063] Conpar ati ve Exanple 4 Reacti on was

of tif@philedrDttd N rhe mak My was diarbxanpl & &rall reaction
except that a copper-alum na catal yst (avail able from

tube'\%xlﬁl.f's %%E‘cg &%O%duk{tqmq /gggﬁﬁén@mh M%ecﬁ?%% WBE Hy/N,

15 was used i nst

hi f 210. .The f urs fromth
(1/93ii4 e GOTEHG PBRCT SHSUasT Aty SRR B Arigbb "€ to obtain
chr omat ogr aphy, and as a result, conversion of
a cabebiond wassextafemtbyentw, Cartdisi d8 Prioddét $on adfomic ratio
inmpurities was large, as shown in Table 1. Therefore,
of zyi ebdsuofo.aamene, mdii sopropyl benzene and
p- di i sopropyl benzene, 20 which were val ues, were | ow.
SF- 1827 30 [0064] Table 1

[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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Ex. 5 Ex.6 Ex.7 Ex. 8 Conp. Ex.3 Conp. Ex.4 Catal yst

Reducti on catal yst Catal yst 2 Cu-Zn
SE-1827
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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Cu-Zn Cu-Zn Cu-Cr Cu-Al Acid Catalyst MCM22 p MCM 22

MCM 22 13 13 Reaction conditions
SF-1827
24

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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Reaction tenperature (C) 150 150 150 175 150 150
%nzene/acetone molar ratio 3.0 3.0 3.0 3.0 3.0 3.0

SE-18 dr ogen/ acet one nol ar ra&%o 2.0 2.0 2.0

[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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2.0 2.0 WHSV (hr-1) 0.5 0.5 0.5 0.6 0.5 0.5
sure (MPa) 0 0 0 3.0 0 O Reaction result

26

4.0
SP-1437°
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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Conversion of acetone (% 99.7 99.0 100.0 97.0 95. 0

56.3 Sel ectivity/acetone base (9
SF-1827 y (%
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
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Propane + C4 hydrocarbon 2.8 7.6 0.5 1,3 25.1 8.6

Di i sopropyl ether 0.0 0.0 0.0 0.4 1.4 0.0 | sopropanol
SP-1§0% propy prop
28

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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0.0 0.0 0.0 0.0 0.0 Cunene 70.0 41.1 66.2 81.6 33.2

35.2 Diisopropyl benzene 23.4 47.3 27.3 16.7 31.4
SF-1827
29

Reaction was 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.



38.2 High-boiling substance 3.8 4.0 6.0 0.0 8.9 18.2
Sel ectivity of values*(% 93.4 88.4 93.5 98.3 64.6
SF-19374 Sel ecti vi ty of inmpur I?;td es**(% 6.6 11.6

[0064] Tabie 1
Comp. Comp.
Ex. 5 Ex. 6 Ex. 7 Ex. 8 Ex. 3 Ex. 4
Catalyst
Reduction catalyst Catalyst 2| Cu-Zn Cu-zZn Cu-Zn Cu-Cr | Cu-Al
Acid Catalyst MCM-22 B MCM-22 | MCM-22 ) B
Reaction conditions
Reaction temperature (°C) 150 150 150 175 150 130
Benzene/acetone molar ratio 3.0 3.0 3.0 3.0 3.0 3.0
Hydrogen/acetone molar ratio 2.0 2.0 2.0 4.0 2.0 2.0
WHSV (hr™') 0.5 0.5 0.5 0.6 0.5 0.5
Pressure (MPa) 0 0] 0] 3.0 0] 0
Reaction result
Conversicn of acetcone (%) 99.7 99.0 100.0 97.0 95.0 56.3

Selectivity/acetone base (%)

Propane + C4 hydrocarbon 2.8 7.6 0.5 1.3 25.1 B.6
Diisopropyl ether 0.0 0.0 0.0 C.4 1.4 0.0
Isopropanol 0.0 0.0 0.0 c.0 0.0 0.0
Cumene 70.0C 41.1 66.2 Bl.6 33.2 35.2
Diisopropylbenzene 23.4 47.3 27.3 16.7 31.4 38.2
High-boiling 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
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 compound such as cumene in a single reaction step
in a higher yield.
[0066] This process is applicable to a process for

industrially producing phenol, etc.
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6.5 1.7 35.4 26.6 *Val ues: cumene +

di i sopropyl benzene **I npur i propane + 04

hydr ocarbon + dii sopropyl ]her + hi gh-boiling
substance 5 | NDUSTRI AL APPLICABILITY [ 0065] The
present invention provides a process in which a

ket one such as acetone, an aromatic conpound such as

benzene and hydr ogen are(ﬂgﬁg%ps starting materials
to obtain the corresponding 1 alkylated aromatic

compound _such as cunene in sin eaction ste

a Hi-gher AYPEPHST éﬁééﬁrﬁﬂ%%fgoac%%&iyi gﬁﬂﬁf@ I;E E%tcoom(lfound

process for industrially pFOdUCIng phenol, etc. 31
comp@LALNS reacting an aromatic compound with a ketone and hydrogen

in the presence of a zeolite compound and a catalyst composition
containing Cu and Zn in a ratio of Zn te Cu ranging from 0.70 to 1.60

(atomic ratio).

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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1. A process for preparing an al kylated aromatic
conmpound, conprising reactifijg an aromatic conpound
with a ketone and hydrogen i n the presence of a
zeol ite conpound and a catal yst conposition 5
containing Cu and Zn in a ratio of Zn to Cu ranging
from0.70 to 1.60 (atomc ratio). 2. The

recess r (ol SR
gS%C| ai ngg‘ n C%% f}%égﬁjer e%ﬁte ar Omitl CEEECOITpOU pound

I's. 10 henzene, and the ketone is, acetone.
as CpEngst dBEES b - JRGTE M T e 32, ueu-se
conmpound as clained in claiml1, wherein the zeolite
or Z&dmpound is a zeolite conpound haying a 10- to
16- menber ed oxygen ring. 4. The
process for preparing the al kylated aromati c conpound
as claimed in claim3, wherein the zeolite conmpound
iscselec n t ;
zeollte %%ﬂf%%%%%fgﬁgggg%?%ggﬁﬁbﬁ%l %o%%NEEQEQt%eQKﬂlow1ng
ZSM5. 32 5.The process for preparing the alkylated
Stepgr Gfat i ¢ conpound as claimed in claim4, wherein the
zeolite conpound is MCM 22, MCM 56 or ZSM5. 56. A
pr deess Ebepp@épQXlﬁglpHEﬁwmen@oﬁﬁrP@ﬂﬁ@ftrki into cumene

follow ng steps of : (a) a step of
hydrexkébzing, cunene to convert it into cunmene
hydr oper oxi de, (b) a step of acid
dqunpgsbgggtgf &Hﬂ§Qﬁaﬂ%ﬁkﬁﬁ%@o%hgecﬁﬁeﬂg SYyMDesIZ- de to
henol cet one, a step of Treacting
e acetone t he step (b) wi th benzene to
SYnt%ﬁﬁ%ﬁ%sP?%“% qg a%éh? (d) a step of

recycllng the cunene obtained in the step (c ,
st dp) (a)steplafheaasitinchehstagete fermed dine %lﬁtelpn( ) with
accordance with the process for preparing the

benzahkytat egnareshté cowompgunrcthdof any one of claims 1 to
5.

(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.



SF-1827 33 ABSTRACT The present invention
sp-1 .Pvides a process in which a ketone is directly
acted with an aromatic ﬁgﬁpound in a single
reaction step to obtain t correspondi ng al kyl at ed
aromatic conpound in a higher 5 yield. By reacting an
aromati c conpound with a ketone and hydrogen in the

presence of a solid acggﬁﬁgﬁﬁﬁgnce and a catal yst

conposi tion containing Zn in aratio of Zn to
Cu ranging fromO0.70 to 1.60 (atomc ratio), the
c SheeBpRFrdithgnaE R L an & Aici RPEBIRFGuRd visich a ketone is
prepar ed.
directly reacted with an aromatic compound in a single reaction step

to obtain the correspondirig alkylated aromatic compound in a higher
yield. By reacting an arcmatic compound with a ketone and hydrogen
in‘tﬁe presence of a solid.aéid.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 corresponding alkylated aromatic compound is

prepared.



