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88$ F 462?613587 1 DESCRI PTI ON PROCESS FOR PRODUCI NG
CUMENE 5 TECHNI CAL FI ELD The present invention rel ates
to a process for producing cunene. Mrre particularly,
the present invention relates to a process for
produci ng cunene, which can efficiently produce

cunene at | ow cost. 10 BACKGROUND ART There is
publicly known a process for producing cunmene by
dehydrating cunyl al coholPESCRIRIIMEsence of a
dehydration catalyst to convert into a-nethyl

styrene, subsequently 15 hydrogenating a-nethyl

fo convert i nto ROCRES FOR BROKHFING EhaeE R @ V<!
Chem cal News, Vol une 74 Nunber 1947, 5-11, March
2001). However, the publicly known process could not

be necessarily sati sf img@dNIOAD e yiewWwooi nt  of
efficient 20 production of cunene at | ow cost.

DI SCITEEURE ofde nftHE nkAVEN DO e T2t efar € e At progessi Bori sroducing

to provide a process for efficiently producing cunene

sumeqg .copre2paNhiehtarilye phespnesenvehnventienaresates to

to a process for the productlon of _cunene, _whi ch

@oB’EPF§§§ 50 REQ L Lre&mWhdeh, Fag| e5RbF1gRYLY produce
en W.th a dehydration catalyst and a

dro
ﬁ%ﬂF@ eﬁﬁ:%ﬂV(xﬁ%ﬁyst wherei n the dehydration

catal yst and hydrogenation catalyst are alternately
packed so as to form

BACKGROUND ART

There is publicly known a process for producing cumene by
dehydrating cumyl alcohol in the presence of a dehydration
catalyst to convert into @ -methyl styrene, subsequently
hydrogenating & -methyl styrene in the presence of a
hydrogenation catalyst to convert into cumene (for example,
European Chemical News, Volume 74, Number 1947, 5-11, March
2001). However, the publicly known process could not be
necessarily satisfied from the viewpoint of efficient

production of cumene at low cost.

DISCLOSURE OF THE INVENTION

The present inventionistoprovide aprocess forefficiently
producing cumene at low cost.

Namely, the present invention relates to a process for the
production of cumene, which comprises producing cumene from
cumyl alcohol and hydrogen with a dehydration catalyst and a
hydrogenation catalyst, wherein the dehydration catalyst and

hydrogenation catalyst are alternately packed so as to form
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BE?PF%%&&EP@%BSS? 2 n layers (nis an integer of 3 or

nore) or are packed as a m xture thereof in a reactor.
BEST MODE FOR CARRYING OUT THE, I NVENTION 5 In the
present invention, production of a-nethyl styrene

t hrough dehydration of cunyl al cohol and production of
cumene through hydrogenation of said a -nethyl
styrene are conducted in one reactor. In other words,
oubeyers o ipieduc dutegem efidyer mOTeoheF axepPackediys a mixture
styrene. 10 The dehydration is a reaction for
Eberead A inteaEY hyl  styrene and water through
dehydration of cunyl alcohol in the presence of the
dehydration catal yst. As the dehydration catalyst,

there are ﬁ%§$?ﬂoHEF?bnoéhﬁﬁ§gnﬁy6%Ta%ﬂﬁﬂiﬁﬁﬁﬂﬁt0N

al um na, anta, zirconita an I'i ca-al um na 15 and

acti vai edheaprEkBAt SnPEREEONEUpF6 QT Vi 6N NI Smefthyl styrene
catalyst Ilife, selectivity and the |ike. The

hydiagsn dlehgidriat ian ed&ctunplfatcobol artd pgoduat imnmefecumene
by supplying a-nethyl styrene and water obtai ned by
ddhnyobrait hmuqugertartedﬂry@ﬁog@mét ﬂmmefdtﬁl ﬁs’frﬁrllew@r a5¢ Y conductea

hydr ogenati ng a- net 20 styrene.
%mpg%mpk@%%&m gther Joehd  AenS e BERIGRt§roR cumyl

ﬁ% ! qg C}oug 10 %] 1% of the Peri odi c Tabl e of the
afh BEY (fY cF speci fically, nickel,
pal | aﬂﬁé’@eh S t1YR 1§@r€999§5n¥@r tbatedtiBdt intéd A¥-methyl

vi ewpoi nts Of suppression of 25 nucl ear hydrogenati on
Qft yerid (iR Wateirnfh2bdghi @éhyiekdionpat |athyinalwbhol in the

copper are preferable, further anong these, palladium
|prddmnm®s¢fptbéedeh?éracmppepamadwatcataIysts

As the dehydration catalyst, there are listed metal oxides
such as activated alumina, titania, zirconia and silica-alumina,
and activated alumina is preferred from viewpoints of catalyst
life, selectivity and the like.

The hydrogenation is a reaction for converting into cumene
by supplying ¢ -methyl styrene andwater obtained by dehydration
in the hydrogenation catalyst thereby hydrogenating & -methyl
styrene.

As the hydrogenation catalyst, a solid catalyst containing
a metal of Group 10 or 11 of the Periodic Table of the Elements,
can be listed, and, specifically, nickel, palladium, platinum
and copper are listed. But, from viewpoints of suppression of
nuclear hydrogenation of an aromatic ring and high yield,
palladium and copper are preferable, further among these,
palladium is the most preferable. Copper-based catalysts
include copper, Raney copper, cbpper-chromium, copper-zinc,

copper-chromium-zinc, copper-silica, copper-alumina and the
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I ncl'ude” copper, Raney copper, copper-chromnmi um

copper-zinc, copper-chrom um zinc, copper-silica,
copper -al um na and the PCTIJP2004/013587 3 |ike.

Pal | adi um based catal ysts include pal |l adi um al um na,

pal | adiumsilica, palladiumcarbon and the like. In

the present invention, a fixed bed reactor is usually

used. 5 The dehydration and hydrogenati on can be ]
Aé¥pecPiaidladiworiaradcaraly$tguincprdseradilggiym-alumina,
sol vent. The solvent should be substantiall ,knert to
paddeddte-#id Ii%d RakladHamsgRTRAR aﬁﬁytgﬁ ike.

subst an contained,in a,solution.tq_.b S .
exanﬂ&b%ge RAES AT P VERESRS! - FS%éx%ﬁxﬁﬁgeﬁgf?Eg%uﬁ%ﬁ%sually
AS e product, it 10 is possible to use cunene as a

SGBSti tute wit hout adding a solvent in particular. As

ot herpHs efdtly &PA VESY Sand NBY@r63anheibnsttes dekarepectively
(e.g. octane, decane, dodecane),nono -cyclic aromatic

comdawtdd ent 1igeddepikasetiyineazeokyenbl Mmesodneént should
the like. 15 The feature of the inventionis, in a
beosebsthotipldquinagt tomsactanhs and pradysis- Ghe solvent
hydrogen with the dehydration cat al

t d
APIRRy 8 SabssPnca GPg e ineddn & ﬂela*éﬁﬁrt&f\?%ﬁsEEatFaﬂR/%’fample g
d hyd ti t al t | | k i .
MR TSI T A R
Qls §£blgq?q{seg€ﬁllﬁgge%% Aslibstyratehpi@dut Bdding a solvent
reactor. Preferable

enbodi nents thereof are as
i@l lpawssicliieaflehydrati on catal yst and hydrogenati on

catal yst are alternately packed in a fixed bed

r eastothen wsefol fsolventayarilerd wans benlistedeallsangs (e.qg.
%rctr;?]ree') &ec\g\ggg,tdlla%edceal.yg )r 'a }nlogg-%?ftc?.li%séromatic compound (e.qg.
benzene, ethylbenzene, toluene) and the like.

The feature of the invention is, in a process for producing
cumene from cumyl alcohol and hydrogen with the dehydration
catalyst and hydrogenation catalyst, that the dehydration
catalyst and hydrogenation catalyst are alternately packed in
a reactor so as to form n layers (n is an integer of 3 or more)
or packed as a mixture thereof in a reactor.

Preferable embodiments thereof are as follows:

The dehydration catalyst and hydrogenation catalyst are
alternately packed in a fixed bed reactor so as to formn layers
(n is an integer of 3 or more). When the dehydration catalyst
and hydrogenation catalyst are alternately packed so as to form
layers of 3 or more, it is advantageous compared to two layers
in points described below.

As a reactor used, though there are an adiabatic reactor

and isothermal reactor, the adiabatic reactor is preferred
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Eg an%(hy&rogenatlon catal yst are alternately packed

so as to form layers of 3 or nore, it is advantageous
conpared to two layers in poijits described bel ow. As

a reactor used, though there are an adi abatic reactor

and isothermal reactor, the adiabatic reactor is

preferred PCT/JP2004/ 013587 4 because the isothernmal

reactor requires an equipnent for heat renoval. In a
baseuse the hepbharnal eereeer RHELIERPahedudPMeRtefer heat

with progress of the _reaction because the dehydration
SPTER- APchERSPSORrRnRATRRAT L EaRTTOR: HhG, Cgfperature

h her, hand i h i ,

BPR e ML P REOGEGERaP B NP eabtT SRon, ReCrubb faf ddiyazation
rC)'fsgﬁmgithlc?%l‘i’cgi%ageﬂﬁgﬁhﬁfﬁﬁh' PRacthEnOWA®! on the other
tenperature i g

econes er than the inlet tenperature

BERAUS & e AqNe @b hepdt IeANGEL 1t Hfetigf Pestyténe is an
total. 10 In the two-layer packing, because the

ydtb@antid aresAstion, eXod hesmperavaceéi vhsés ebhdupredress of
after the dehydration reaction as an endothermc

thac reectional et ousApltet eWperpstEePecogsehigher than the
adverse effects that the tenperature difference .. _.,_ 4
ﬂ@tl@éeﬁe'ap%wtt@ﬁdm%t&ﬁ%tBSrqe%ﬁah‘F‘gﬁ‘%ﬂ%ﬁ%‘éﬁFbF% s larger
part_ hecones 15 very large, for this reason, the rate

oft d:é’&fé'r'ati on reaction |lowers at the |ow tenperature

party Ol gfvg)e-i HIERSYPN beddifs PUHROBFdrdgenation as an
accel erate y rapidrise of the tenperature at the

iyt Heapies ke 1Bards cbidactadaffepahkidehyarathicereaction
| ayers or nore, the tenperature 20 distribution in

tawe areaotdrthershootdedt sonckst admppdr gompdetgd + Hhere are

endotherm c reaction and the hydrogenation as the
appeared adverse effects that” the  temperature difference

between a low temperature part and high temperature part becomes
very large, for this reason, the rate of dehydration reaction
lowers at the low temperature part or a side reaction beyond
the purpose is accelerated by rapid rise of the temperature
at the high temperature part.

In a case of padking of three layers or more, the temperature
distribution in the reactor is smoothed since the hydration
as the endothermic reaction and the hydrogenation as the
exothermic reaction are conducted alternately and gradually,
and, the above-described adverse effect is reduced compared
to the two layers packing.

Examples of 3 layers or more include 4 layers packing of
a dehydration catalyst, hydrogenation catalyst, dehydration
catalyst and hydrogenation catalyst in this order from the inlet
of the reactor, and 6 layers packing of a dehydration catalyst,

hydrogenation catalyst, dehydration catalyst, hydrogenation
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exotherm c reaction are conducted alternately and

gradual ly, and, the above-descri bed adverse effect is
reduced conpared to the two Iayers packing. 25
Exanpl es of 3 layers or nore include 4 |ayers packing
of a dehydration catal yst, hydrogenation catalyst,
dehydration catalyst and hydrogenation catalyst in
this order fromthe inlet of the reactor, and 6
I@@t@rlquac IGiefy A3t tal qie IeAdiadty Son a8gk awgpgenatlon catalyst in
hydr ogenation catal yst, dehydration cat

aéﬁaﬁ%?Pméhﬁmb%ﬁpéléaef%ﬂ%ﬂ% 3&* are not restricted

qﬁ#%:ratlon cat al yst and hydrogenation catalyst in
rYer fromthe inlet of the reactor, but are not

reSt'f'lllétrF\SjmbéPeéftﬁie :%B‘%JW'EQ@&O% b?‘éfle@é@ﬂj &an"Bken number

preferab an even nu nore because the

@X‘H’ﬁhb@@ B¢l ySttnesabhgarak€bnl a1y ettt BRe inlet layer
hydrogenati on catal yst as the final |ayer are usually

el eheeHydkbgenatdionneatadgsy ahathe viieral Heywermpege usually
respectively a plurality of |layer of the dehydration
(Emesﬂq/tsqedand/torlsk1ym1bgt¢m$%¢1r%aﬂa@§stWhﬁPI BEIPaf&rs

in respective 10 catal sts are si

ﬁ?eeﬁf@@%tb’r‘éejfihét Pifsed LbeoksTaes ot e ﬂsﬁyqrﬁﬁi&“nSFtalet
&é}% arl_?/ 2&0‘?}1 h@il nI agiﬁgtOf :';1t].lfi.e otfea ';E—L tfl:fspectlve

other catal y

Wﬁé@raﬁe pé':[tﬂ.@fzgrOf bathek HQaBr@MﬁIé Q!heﬁff those are

cohol. 15 Furthernore, it I's not necessary
tdiati tdxe. cat al yst anounts of respective |ayers are
equi val ent, and the anobunts can be arbitrarily
seleEUEdthpathmgo¢mqn&§ﬁﬁxybbabﬁhﬁiﬂkﬁhpaﬁﬁOﬁﬁﬁereaCtor

hydr ogenati on. Moreover, as another enbodi nent, the
%s the dehydration catalyst, and another catalyst may be packed

for a purpose of other than dehydration of cumyl alcohol.
Furthermore, it is not necessary that the catalyst amounts of
respective layers are equivalent, and the amounts can be
arbitrarily selected depending on properties of dehydration
and hydrogenation. Moreover, as another embodiment, there is
a method in which a mixed catalyst of the dehydration catalyst
and hydrogenation catalyst is packed in a reactor.

In this method, since the dehydration as an endothermic
reaction and the hydrogenation as an exothermic reaction are
apparently conducted in parallel, the temperature distribution
inside the reactor is more smoothed, in comparison with the
two-layer packing, leading to reduction of the above-described
adverse effect.

The dehydration catalyst and the hydrogenation catalyst in
the mixed catalyst are not necessarily uniform in mixed ratio

over the whole reactor, and the mixed ratio can be properly
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a method in which a m xed catal yst of the dehydration

catal yst 20 and hydrogenation catal yst is packed in a
reactor. In this method, sincethe dehydration as an
endothermc reaction and the hydrogenati on as an
exotherm c reaction are apparently conducted in
parallel, the tenperature distribution insidethe
reactor is nore snoot hed, in conparison

25
dpst dgRERHGI OBaBFRReEs Leauac: Fof Jebyasafisd cataryst
b Y shé' bed dverse gi ct- The dehydratl on
@E%a% YR dgeRatrdR " catal yst in  the mi xed
cat 81;'%%{ %e mttﬁlgtcggféﬁﬁ'l:yl oA P5 BRI Ni A é&&lf;@&hoto layers

over ole"reac and the mxed rati o can

REORY ¥eRGHTHTAYM o8 /s Hed eﬂi@%ﬁﬁl&@@@ﬂl@ﬂl@ﬂ catalyst,

properties of the dehydration catalyst and the

Ry dricgen atd yur citieatesf . m&vrbleseti apt he present

invention, in addition to layers of the dehydration
catBhgstotall aheuhfdefgbhat fenydnetiont catglysi kegbe packed
Iayer t hereof nmay be set up. The total anmount of _th

mmww g% tbe oa%ealaae%dsol hhate cuEydt &1 1 1s

h | hol
A AR AR, o
pre eraébllc;H %Oéulh tgf‘-‘&\ﬁsh-elﬁf thaewh%ﬁcet Qt ithel®eactor is

y 90/oor Simlarly, the total amount of

e fdpdingensd i on rﬁ@i-él ysimiDabeypaeked tiotalh@amount of the
reactor may be an anmount so that a -nethyl styrene is
Siyfdrageardtt yorc arataalesit i o de pavdes] iandhehgeactor may be an
conversion of a-nethyl styrene in the whole of the

rREa Y SPstfrﬁ%%T%th@)@)GYd?e%ié suff yptepphy Gogiyerted into

tenperature. and pressure are se| ect 0]
cumene, and the %onvers:.on of5 me%gny‘i s‘i:yrene in the whole

of the reactor is preferably 38% or more.

The reaction temperature and pressure are selected so that
water in the solution is not condensed. The reaction temperature
is preferably 150 to 300C, and the reaction pressure is
preferably 100 to 2000kPa. When the reaction temperature is
too low or the reaction pressure is too higher, water may be
condensed leading to deterioration of the performance of the
hydrogenation catalyst. Further, when the pressure is too high,
it is alsoc disadvantageous in the reaction equilibrium of
dehydration. When the temperature is too high or the pressure
is too low, it may become disadvantageous because the catalyst
life is shortened by fouling or the like caused by much
generation of the gas phase part.

In the present invention, the operationrange of the reaction
temperature and reaction pressure is wide because the

temperature distribution inside the reactor is more smoothed
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water in the solution is not condensed. The reaction

tenperature is preferably 150 to 300'C, and the

reaction pressure is preferably 100 to 2000kPa. WWen

the reaction tenperature is too |low or the reaction
pressure is too higher, water may be 20 condensed

| eading to deterioration of the performance of the

hydr ogenati on catal yst. Further, when the pressure is
roophrgid td tthe tweolaveadvaskingoushpretfpEer edde Gfesent
equi librium of _ dehydration. Wien the fe rature is.,
ASYemtdPno A S Rl §7 AAYRRL GOV EFBR, t#ﬁ%ﬁ‘fﬁéé&?&ﬂbed
di,sadvant ageous because the catalyst 25 life is
YHE¥PEA&E by fouling or the |ike caused by much

genefatifan [He Iy 9357, dH18H PH biddl A AP f¥rived from @

i nvention, "'the operation range of the reaction

LeiRerAl $¥ frand (TRACLkaNpPEe Tt dud S10% B¢ Hasmescos lte-methyl
tenperature distribution inside the reactor is nore
stgatehed) BEH UE20ppr@EtTs ¥ncerjies edntentime ttiwa-dfyermethyl
packi ng, therefore, the present inventionis also_ _,
sdvaenggdouther vereher pan Ll continsdd ed ilaues df afgition to
the present invention, a side-reaction derived froma

SO Qf iR ¥eMReTrakune| S1SEFLBULLCEn of a di mer

of ay E:.Iaia/én o ég?%e?ﬁ€$eggﬁ€o%%5§rs§§?h§i§f§ d#'€he reactor

concer% on o rene-i € reactor can

B aCAnfedd &k |19Y\§rh§%@r@§igﬁ£iéﬂanteatﬁﬂgtthilﬁgre@c, téliﬁ it is

tenperature distribution. Hydrogen can be supplie

fprePeab1df tollseipp1af firldm kechialetlOfantei pbattoaf. That is,
t he hydrogenation catal yst layer, and it is
agfoariads ta dro o uppt 5 produced thievgbfdehydratitenis promoted
That is, vaporization of water produced through .
mwﬂa{gi@]«gié%@y&}me existence of hydrogén in the

dehydration zone and the equilibrium dehydration conversion
rises, therefore, high conversion can be attained effectively
compared to absence of hydrogen.

Though water generated in the dehydration is passed through
the hydrogenation catalyst, it is possible to operate at low
cost without particularly setting up an apparatus for water
removal as described above, by operating at the level not
condensing water.

The amount of hydrogen required in the reaction may be
equimolar to @ -methyl styrene produced by the dehydration,
but the excess amount of hydrogen is usually required because
other components consuming hydrogen are contained in the raw
material. Further, the molar ratio of hydrogen to @ -methyl
styrene of 1 to 10 is adopted from a reason why the reaction
proceeds faster with rising of a partial pressure of hydrogen.

It is further preferably 1 to 5. Hydrogen in an excess amount
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by bringing into anyti ne exi stence of hydrogen in the

dehydration zone and the equilibrium dehydration
conversion 15 rises, thereforeg high conversion can be
attained effectively conpared to absence of hydrogen.
Though wat er generated in the dehydration is passed
through the hydrogenation catalyst, it is possible to
operate at | ow cost without particularly settin

ZRTdpsta A ot R et I iR BR ?}%%da%%ogg?d after
by oper.atj at the |evel. not_ .condensing water. The
R 51 AFhGdie CEeT b A0 RLERE Feact 1 on may be

equi g@a‘f rbgeﬁ'sﬁf %-lee QEXESH% PLOGHEE nﬁ.zs dPQ@fer_ably applied

dehy on, b Xcess anmpunt o ogen is

youal h¥nyageitied BeepuafaZhyatbgena®iBanshkep 6eNsUsid8uction
hydr ogen are contained in t%e raw material. Further,
pecwisarod girapyiledy diei@® tonaafmihyl thet ¥palewihgl steps:
to 10 is adopted froma reason why the reaction
procket@atihencstobt harskempebiobt piningl cynens Uppdppperoxide
hydrogen. It is further preferably 1 to 5. Hydrogen

iPH SFISIZEANG FHARS PCT/ JP2004/ 013587 8 renmi ned after

the reacilLo can_be recycl ed _and,used_after

SopSTtATP ek kSR L R e R PRI hFbpydens; oxide and
r [ i t ;

SR, £RE oL W e iy LR ey A BPEr bR Se Sbtained in the

REAEMIIN sthePWeoEsSpeépPLeRpyt ene oxi de cont ai ni ng

the follow ng steps: oxidation step: a step of

obt alehndpratienes typlr @petep d€ olvyaining zirgieddrywingtyrene by

epoxi dation step: a step of obtaining propyl ene oxide

Sedry Anahiin g Icyswe| a&yohg&c@bhgiaeﬁem theiepgedsiatdeon step in
%%%mﬁEE%éALé'E% a dehydration catalyst;

hydrogenation step: a step of obtaining cumene by
hydrogenation of & -methyl styrene in the presence of a
hydrogenation catalyst:; and

recycling step: recycling cumene obtained in the
hydrogenation step to the oxidation step.

The oxidation step is a step for obtaining cumene
hydroperoxide by oxidizing cumene. The oxidation of cumene
is usually conducted by auto-oxidation using an
oxygen-containing gas such as air or oxygen-concentrated air.
This oxidation may be conducted without use of an additive,
and an additive such as an alkali may be used.

The reaction temperature is usually from 50 to 200C, and
the reaction pressure is usually between atmospheric pressure
and 5 MPa. In the oxidation method in which the additive is

used, an alkali metal compound such as NaOH or KOH, an alkaline

earth metal compound, or alkali metal carbonate such as Na,;CO;
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10 oxidation step with propyl ene; dehydration step: a

step of obtaining a-nethyl styrene by dehydrating
cunyl al cohol obtained in the gpoxidation step in the
presence of a dehydration catalyst; hydrogenation
step: a step of obtaining cunmene by 15 hydrogenati on
of a-nethyl styrene in the presence of a

hydr ogenati on catal yst; and recycling step: recycling
QENAECOt AMAeRian (a4 :RPdr GFchdiabhmetag amgnqiyum carbonate

i datiop step, Th i dat| N t f
G5t B DR P B s A S BB, e
Th j [ f, . i I . .
e A B R8D 405 A SBRAUEEA Mopyonc oxsae

3l Auf)Y N GRNL e 'B £t Bh§ - cuhBhé Ryhf8pLeBxTRE BBtained
conducted wi thout use of an additive, and an additive

siEheige GRidékabh SeEpbeithedropyIEmR.reaction

tenperature is usually from50 to 2000C, and the
reactAsnapcasadiysti,s seddd loatidtveden axteqephierable from the
pressure and 5 MPa. In the oxidation nmethod in which
treevRiel Bt vof | gepaselionncfl kaprtienaPredHpsenda8gdcratalysts

o e LT SORER R 489 mtion oid8, 4¥S plorerable

P P / L\@E@ i 2

aﬁéﬂ] [ gﬁn%&f&gﬁ%%%?u% car ong%%_angBEt ﬁgjfep%?’ei ggétsi gg& under
aﬁgmgi@hh?éﬂd hegaeid1edPEy LPPXI 08 tABsSI@d By st St 8B-called
for obtaining propyl ene oxide and cunyl alcohol by
rep<d i hijcs Waiaa ity opataindagolt aiheed cdi liynbbhded to silicon

oxi dation step with propylene. As a catal yst, solid
cxbdy starerpregferabapl e Foonexample, a catalyst prepared by

supporting aTi compoundonasilicacarrier, acatalyst prepared
by combining a Ti compound with silicon oxide by a
coprecipitation method or sol gel method, zeolite compounds
containing Ti, and the like, can be listed.

Cumene hydroperoxide used as a raw material in the
epoxidation step may be a dilute or dense purified material
or non-purified material.

The epoxidation is conducted by contacting propylene and
cumene hydroperoxide with the catalyst. The reaction is
carried out in a liquid phase using a solvent. The solvent
should be liquid under a temperature and pressure in the reaction,
and substantially inert to reactants and products. The
solvent may be a substance present in a hydroperoxide solution
to be used. For example, when cumene hydroperoxide is a mixture
with cumene which is a raw material thereof, the cumene can
be used as a substitute of a solvent without particularly adding

asolvent. Additionally, mono-cyclicaromatic compounds (e.g.
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VI éwpol nt "of separation of reaction products, and

catal ysts containing titaniumcontaining silicon

oxide, are preferable fromthg viewoint of obtaining

t he objective product under 10 high yield and high
selectivity. As these catal ysts, so-called Ti-silica

catal ysts containing Ti chemcally bonded to silicon

oxi de, are preferable. For exanple, a catalyst

beszened o luripporchherebanzenapoorihedighdprobgnzene ),
carrier, a catalyst prepared by conbining a,Ti

@drse@td (R-th Sotaeeh S‘ﬁicéé‘ebydé’df@a&?gr é'g’idpitP&t tdke. can be

t I hod it d
TS50 0 Sl A8 AR 20011 STTVIES e
hyd i de. kal i
1" USSR SR PLE 8 JHUSRIN erm g <o 200T.

epox ep may te or nse purified

%@f»kékerablg%m Risf £t &G oECEr | Bhe P sHierenay vi@td phessure
i's conducted Dy contacting propylene and cunene

ydraparent de Xeép tHe reaicaliyst miXhareetntd dhgudd condition.
carried out in a liquid phase using a solvent. The

dol gemeraghokhe peelsisgaied igngdvan tegepasdiyufecsnd 00 to 10000
pressure in the reaction, and substantially inert to

r&Fct ant s and products. The 25 solvent may be a

B

used. ydf oper oXi

{Eﬁ?(ﬂi'é @oril &P a‘;}ﬁggff%ggif;igcééb@d[ aw eheldde bRY £8Fge-scale

e cunene can a substitute of a sol vent

Wirddiftir ke thsatk@F1yn pddi pgxed Belivens. pAdterabngl byed. In
nono-cyclic aromati c conpounds (e. g.

REH IRAG0A/ tHS 5870t Ddbeihernazan dbeicrendetted ob¥naehatch-wise
ort hodi chl or obenzene), al kanes ée.g. oct ane, decane,
dstduarhe)a o#rint heontkeuouanmpthop; sted gonidayqus method.

sol vent s. .
The molar ratio of propylene to cumene hydroperoxide

supplied to the epoxidation step, is preferably 2/1 to 50/1.
When the ratio is 2/1 or more, the efficiency is good because
the reaction rate does not decrease, on the other hand, when
the ratio is 50/1 or less, large energy in recycling is not
required because the amount of propylene to be recycled does
not become bigger.

The dehydration and hydrogenation steps are steps for
obtaining ¢ -methyl styrene by dehydrating cumyl alcohol
obtained in the epoxidation step and subsequently obtaining
cumene by hydrogenating it, respectively, as the

before-mentioned.

EXAMPLE
Catalysts described below was used in Comparative Example

1l and Example 1:
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e "époxi dation tenperature is usually fromO to 2000,

5 and preferably from25 to 200cC. The pressure may be
a pressure sufficient to keeﬁﬂt he reaction mxture in

a liquid condition. |In general, the pressure is
advant ageously from 100 to 10000 kPa. Wen a solid
catalyst is used, it is used for the reaction 10 in
the formof a slurry or fixed bed. In the case of a

| ar gesastoml ys t nilusaet ivabpér alhpanas (Pule@ieed s
preferably used. In_ _addition, the epoxidation can be
cond XXM BY: @ DaPePSWPde nethod, a seni-continuous

met hod or. a contipuQus oqd. The | ar_ratj o of

pr opyt&HRL¥B cBire e8HV5g§é2FgQW&8a ¥%€;ﬂﬁﬁ%%§?to t he
epoxi St ep, nl ferably 2/1 to 50/1. Wen the
rati @dlﬁtgsé%'%fgn%fés%ze efficiency is good because

thc_gﬁngfa%a&éiiw ERiRpf8es [elodeayeaspackinigle ot her

when the ratio is 50/1 or less, large energy in
r ecyolhégaita13Git AlcdqBim-athidcassef 1 het draypent anfl the catalyst
propyl ene to be recycled does 20 not becone bigger.
Fheiddhymattiloickris hy ds ogendt 1ayest epte apackedpdnf gr reactor
obtaining a-nmethyl styrene by dehydrating cunyl
TaSoHg aPoBRaRRediARCERE epok M i ohPSt Shdaver and second

SRS 0L 8L Ta TSRS i Y AUy Ly anct 0.2
Feby o a4 RSOl Yo SaTDS dldune soucion
A Ve ta Sudfll i dtbRIdbAdeh it V@t i d3 % by weight under
a pressure of 4 MPa-G, were simultaneously fed to the reactor,
continuously. After the reaction of 106 hours, a cumyl alcohol
conversion was 99.8% and a selectivity of a cumene dimer
(hydrogenated product of an ¢ -methyl styrene dimer) was 0.9%.

Further, a concentration of & -methyl styrene in cumene
obtained was less than 0.01 % by weight.
Example 1 (Multi-layer packing)

The catalyst B of 0.1 m-thick as a first layer, the catalyst
Aof 0.2 m-thick as a second layer, the catalyst B of 0.4 m-thick
as a third layer, the catalyst A of 0.4 m-thick as a fourth
layer, thecatalyst Bof 0.4m-thickasafifthlayer, the catalyst
A of 2.4 m-thick as a sixth layer and the catalyst B of 0.4
m-thick as a seventh layer (catalyst A: 3 m-thick in total,
catalyst B: 1.3 m-thick in total) were packed in a reactor having
an inner diameter of 4 mm®. The first and second layers, the
third to fifth layers, and the sixth and sevens layers were

heated to 180T, 200C and 230C, respectively, and 0.1 normal

liter/minute of hydrogen and 1.6 g/minute of a cumene solution
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product % é 0.85m) Catal yst B: 0.05w %°d/ al um na

(pul verl zed product:0.5-0.85m) 5 Conparative
Exanpl e 1 (Two-layer packing) {the catalyst A of 3
mthick as a first |ayer and tlhe catalyst B of 1.2
mthick as a second | ayer were packed in a reactor
having an inner dianeter of 4 mm4. The first |ayer

and second |ayer were heated to 230t and 1901,
hesplatg i slupy 1aed ceho ] @dnaenryratiene of 33/ @grewea-ﬂént under

1.6 g/mnute _of a cunene solution havin
& BER&SUEEneENM MR G Uﬁr%SWB}tﬂ@PQHFlS(ngﬁg tn% the reactor,
pressure of 4 M re SI I

ot i YR Eafteh TR Fohtd, ' d bttt atconoy

ool oRv 9
ILq#[ect ivVity oé %%uﬁgngngl %ergéiggQﬂ'\eg’%gggyrgtée%%ﬁc‘%lmer
Afh R Gadied #d pTofRNE od SBT & -WRThS 198t yrEHet dEher f was 0.2%.
concentration of a-nethyl styrene in cunene obtained
was |IBssthdap 8. €dnéehyratight ofExanméthil (dyrenkaysr cumene
packi ng) The catalyst B of 0. 1 m thick as a first
labainedavasnit hegst thag A.8f 6. Pynwetlgihdk as a second
| ayer, the catalyst B of 0.4 mthick as a third
| ayer, the catalyst A of 0.4 mthick as a fourth

| ayer, the catal yS{[NBRgtrP(}QL A'Fﬁiﬁf&@ fi fth

| ayer, the catalys as a sixth layer

and the,LakalySbed Abole? ag’cBPBEK 3o a\:m%jb%@sléﬂtalﬁ(rention,
(catalyst A” 3 mthick in total, gcata lyst B: 1.

neHdd< kahbd pralrldvarLppacked S proaaeing etﬁaﬁ/amtgwany cumene
i nner dianeter of 4 nm(~. The first and second | ayers,

tate Lowhicog tt.olfi 4d@it agnr sthampiresen s ipadcess ey dessuitably
| ayers were heated to 180cC, 200cC and 230cC,

aeked Vi yprediacbion agr REPPYLENS: oFlde-e of

hydrogen and 1.6 g/ m nute of a cunene sol ution
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PCT/ JP2004/ 013587 12 having a cunyl al cohol

concentration of 23 % by wei ght under a pressure of 4
MPa- G were sinultaneously feggto the reactor,

conti nuously. After the reaction of 88 hours, a cunyl
al cohol conversion was 99.9% and a selectivity of a
cunene dinmer 5 (hydrogenated product of an a-nethyl
styrene diner) was 0.2% Further, a concentration of
a-methyl styrene in cumene CbBIMfned was | ess than
0.01 % by weight. | NDUSTRI AL APPLI CABI LI TY 10 As
descri bed above, according to the present invention,

ther 9 93&@@0@&9@0@9{1&%f&&&é??gﬁrof)g:glglléﬁiquwhﬁgh comprises

ef f eCt’i vel'y cunene a W COS n addition, t

BrB&SRY nRf Attt FLdif cﬁiﬂlaéﬁbéycoﬁ@ﬂ LR h%cLlEb@@lrhCUi% a
of propylene oxide. PCT/JP2004/013587 13 ALMS 1. A
AeB¢ase tion tAcapyeduiid ampirsgerationtiatialommr whesein the
produci ng cunmene from cunyl al cohol and hydrogen with
debydeiayrdoat icatadatst] yetd chyidrnodgnabienacabalystalayrst
wherein the dehydration catalyst and hydrogenation
adterpat edive Pagkedy Aat 85yt PERER K dayetDH (Mo An integer of
layers (n.is an _integer of 3 or re r are_packed

355 Riekbr 07 REPosRYReh A% 2t FPEEre i es DE 'S reactor.
accorfi gg grsgaggg &cc%ﬁ&ﬁ?ntg tPa il £YGhe i MHHY an even
of 4 or "nore. 3. The proces accorﬁlng toclaimi,

waabeh dehey dehyglirad i on  catal yst is activated

alumna. 4. The process according to claim1, wherein

the 3. The process according toclaiml, wherein the dehydration
catalyst is activated alumina.

4, The process according to claim 1, wherein the
hydrogenation catalyst is a catalyst containing a metal of
Group 10 or 11 of the Periodic Table.

5. The process according to claim 4, wherein the metal is
palladium.

6. Aprocess for producing propylene oxide, which comprises
the following steps:

oxidation step: a step of obtaining cumene hydroperoxide
by oxidizing cumene;

epoxidation step: a step of obtaining propylene oxide and
cumyl alcohol by reacting cumene hydroperoxide obtained in the
oxidation step with propylene;

dehydration step: a step of obtaining ¢ -methyl styrene by
dehydrating cumyl alcohol obtained in the epoxidation step in
the presence of a dehydration catalyst;

hydrogenation step: a step of obtaining cumene by

hydrogenating & -methyl styrene in the presence of a
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hydrogenation catalyst is a catal yst containing a

nmetal of 15 Group 10 or 11 of the Periodic Table. 5.
The process according to claifg4, wherein the netal is
pal |l adium 6. A process for producing propyl ene oxide,
whi ch conprises the follow ng steps: 20 oxidation
step: a step of obtaining cunene hydroperoxi de by
oxi di zi ng cunene; epoxidation step: a step of
dhrdiggenpipiopytabalpstdeandd cunyl al cohol by
reacting cunene hydroperoxide obtained in th

OX|d§??BﬁiéP§p5ﬁP9h EﬁGﬁﬂL%ﬂﬁ QHT?%?nRP¥¢?QﬁPS%%pth3
oSt Ert obrebnEn Phe AELERIRAE ST Lo etk the
%{e%y(ﬂ:caet oln 2y Shﬁgéaﬁ 890 ghglﬂi%gl s*m‘:)égigo%%@tﬂﬂm process

ep O a|n unene rogenati ng
A B Y Oét Y5 €8y dnk hsf PEgachGe _lOf'toa 5.
PCT/ JP2004/ 01358 14 hydrogenati on catalyst; and
recycling step: recycling cunmene obtained in the
hydr ogenation step to the oxidation step, wherein the
dehydration and the hydrogenation steps are the
process 5 according to any one of clains 1 to 5.



