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PRST/IPXEAL648074 1 DESCRI PTI ON PROCESS FOR PRODUCI NG
CUMENE 5 TECHNI CAL FI ELD The present invention rel ates
to a process for producing cunqene. BACKGROUND ART 10
There is publicly known a process for produci ng cunene
by dehydrating cunyl alcohol to convert into a-nethyl
styrene, subsequently hydrogenating a -nethyl styrene .
in the presence of a hydrogenation catalyst to
convert into cunene(for epaseERIPTION opean Cheni cal
News, Volunme 74, Nunmber 1947, 5-11, March 15 2001). .
However, the publicly known process was not
necessar|ly satisfied fromthe viewpoint of efficient
producti on of curRRQCESS FQRy RRQPUCINGCCUMERE O THE

I NVENTI ON 20 The present invention is to provide a
process for efficiently producing cunene at | ow cost.

T, ' h sent invention relates to a process
f%ﬁaﬂgigaﬁc?ﬁgi umene, which conprises supplying cunyl
al Coh?‘heaﬁlgesglﬂr 996Bnt2oR Hel¥deat 5:9”a°§‘£‘@éé(§§ £&r Cf_aroducing

obtain a xture 25 contalning a -nethyl” styrene an
watmengr,oduced and hydrogen, and supplying the

m xture to a hydrogenation catal yst. MODE FOR CARRYI NG

OUT THE INVENTION In the present invention, when cunyl

al cohol is dehydrated PCT/JP2003/016074 2

BACKGROUND AR

There is publicly known a process for producing cumene by

dehydrating cumyl alcohol 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 was not necessarily
satisfied from the viewpoint of efficient production of cumene

at low cost.

DISCLOSURE OF THE INVENTION

The present invention is toprovideaprocess forefficiently
producing cumene at low cost.

That is, the present invention relates to a process for
producing cumene, which comprises supplying cumyl alcohol and
hydrogen to a dehydration catalyst to obtain a mixture
containing ¢ -methyl styrene and water produced and hydrogen,

and supplying the mixture to a hydrocgenation catalyst.

MODE FOR CARRYING OUT THE INVENTION

In the present invention, when cumyl alcohol is dehydrated
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i PCT/HR2068:836Hde of a dehydration catal yst to convert
into a -nethyl styrene and water, it is essential to
supply cunyl al cohol and hydrogen to the dehydration
catal yst. The dehydrati on cataﬂyst i ncl udes aci ds such
as sulfuric 5 acid, phosphoric acid and p-tol uene

sul fonic acid and netal oxides such as activated
alumna, titania, zirconia, silica-alumna and

e éﬁgﬁgrégéhgecétfaﬁy&’éﬁy@f&ti?éﬁfS&EQh.?stf{:Qn&:bﬁeert into @

VI ewpol separation fromthe reaction m xture

angdef Ryt hgtyaehky aned walte nat siprefssmbial ftonstpply cumyl
vi ewpol nt 10 of catal yst Ilfe selectivity, etc. The
debydhal.i andi sydsugeny t@ommct@ilmribmlac@ahglﬁahyl

al cohol with the dehydration catalyst, but, int

pr esefhe ﬂﬁhﬁﬁFﬂ@ﬁonhyétQQHﬁtl%n§F§§e§uﬁﬁFﬂ§ds?6ht4ﬁaSU1fur1°

Sellieimitid e RS AR g0 o
b duct ’
e SFREHER B BN g, B A

EEFEEEQDEX¥&EBQUQEQQszlﬁﬂééqw§$ﬂ¥&¥E%ﬂ&i#§téiare preferable

ol vent. sol vent shoul d be substantially inert to
t BeomedBbavt 8wpddni0 off edpairat ibne fye eiife MwAadieicn mixture,
subst ance present in a cunyl alcohol solution to be

uard. fucthex aniliva tthk e lomkpl &5 eotef erahkle fxon the viewpoint
with cunene as a product, it is possible to use
cQﬁeﬁétaéYﬁtsm&ﬁﬁdLﬁQ4%ﬁﬁ4ﬂiH adffy a sol vent in

t.h f ul |
P e e BZe T 18 kL9 SERhTeeHITRE S8 EBrapo cumrt

14 t| e, h t
BRI (TR0 1o PFEET oo
t Qm}@h%ti%he nSydtDidd Vi lsh AnthpPiéd ertebl thed S@elipdration

In usual, the pressure is advantageously 10 to
1QaQQQyIsEatoThﬁ>nduct hydrogenation subsequent to the
dehydration.

The dehydration can be conducted in a gas phase or liquid
phase, ‘further, in the presence or absence of a solvent, and
it is preferably conducted in a liquid phase using a solvent.
The solvent should be éubstantially inert to the reactants and
products. The solvent may be a substance present in a cumyl
alcohol solution to be used. For example, when cumyl alcohol
ig a mixture with cumene as a product, it i1s possible to use
cumene as a substitute without adding a solvent in particular.
As other useful solvents, there can be listed alkanes (e.g.
octane, decane, dodecane), mono-cyclic aromatic compoﬁnd (e.qg.
benzene, ethylbenzene, toluene) and the like. The dehydration
temperature is usually 50 to 450°C, preferably 150 to 300C.

In usual, the pressure is advantageously 10 to 10,000 kPa. The

dehydration can be advantageously co_nducted by using a catalyst
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dEMFHFAPIMHELEN be advant ageously conducted by using a

catal yst PCT/JP2003/016074 3 in a slurry formor

fi xed-bed form In the present LJ'hnventi on, a-nethyl

styrene and water obtained in the hydration are

supplied into a hydrogenati on catal yst to convert

a-nethyl styrene into cunene. 5 As the hydrogenation
catalyst, a solid catalyst containing a netal of

Gieup 4Duptylfoth dihefiReyd-asE@ £bafl.e Iaf thbepFeeennt snvention,
can be listed. Specifically, nickel, palladium
pl@atmathyandtycepecand erdtiest ehtaimkedaln athenhpddation are
copper are preferable from viewoint of high yield
as@pPlgededditen ohydrpeaktonrcatalyshntar sﬁavpast ¢ -methyl
ring. Copper-based catal ysts include copper, Raney

cé“’ﬂ:g' N JIPS - um copper-2| nc,

oon e EhEBR Lo diar 1SRRGV OB s PP B 3B Bontatning
Pal hadhy 'B@b%@u%alow hadhErend bbedodikathpds Wi Qﬁbb@fﬂements

and the |1 ke Though the hydrogenation is carried
OdanPpeCDiE B&d | NGrecifbtdyly stndokel Apd1ladiegenpbMatinum and
t he hydrogenation catalyst, water in a mxture

olgtogipeetiabeg i aefbhpddapa bhadtum angd cedperdye? prefgiraple from
a- net hyl styrene and hydrogen to the hydrogenation

c Figmpainfty o fe high ikt and E}ﬂ;&r B oot bydrogenation of
DR Tt A 1PE o FPHEPA- BRogd Rt 1 PRL bR lther . Raney

| ef _
S taRRe Sorbinl AEn. Soprer 1R BRI ‘f‘%*ﬁf“m =ine,
| RPperQ 18 d£ 2 TP S 2T 198 U $ - thd NE1166] VAl 1 8@3/um-based
be a substance existing in an a -nethyl styrene 25

sadaﬂalqgrgﬁs) irec usdsl . pabladékampaumihen paldadilim-silica,
styrene is
palladium-carbon and the like.

Though the hydrogenation is carried out by contacting &
-methyl styrene and hydrogen with the hydrogenation catalyst,
water in a mixture obtained by the dehydration is supplied
together with ¢ -methyl styrene and hydrogen to the
hydrogenation catalyst for carrying out the hydrogenation
subsequent to the dehydration. The hydrogenation can be
conducted in a liquid or gas phase in the presence or absence
of a solvent, but it is preferable touse the solvent. The solvent
should be substantially inert to the reactants and products.
The solvent may be a substance existing in an @ -methyl styrene
solution to be used. For example, when & -methyl styrene is
amixture with cumene as a product, it is possible to use cumene
as a substitute of the solvent without adding a solvent in

particular. As other useful solvents, there can be listed

alkanes (e.g. octane, decane, dodecane), mono-cyclic arcomatic
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aPﬁ?QPawgmuﬁ?ﬁ:cunene as a product, it is possible to
use cunene as a substitute of the solvent w thout

addi ng a solvent in particular, As other useful

solvents, there can be |isted 4élkanes (e.g. octane,

decane, dodecane), nono-cyclic aromatic

PCT/ JP2003/ 016074 4 conpounds (e.g. benzene,

et hyl benzene, toluene) and the like. The _

hydfnpoandisi 08.HCPei féné £ dihySeniend, to1¥hd) and the like.
preferably 30 to 400t. In usual, the pressure is
afherhydrogshyt160 ttempealts OO0 kBa1sEa ke Of tats®Cofpreferably
the present_ invention is to produce cunene bg

s@ppkei ABOLum/dn Al  HiRl DRRFHER 19 adwantageously 100 to
dihydrat'on catal yst, and then supplying the m xture

cofr 808, g1 -nethyl styrene and water produced and

erbod TS RE AL 28 oAy dfhinron A3 ELPDEEAUCE cumene

r are —as e present

| gyeriipdi %@IE%ﬁ%E”HEéﬁﬁﬁwsiﬂdggf@ﬂ@ééﬂ_EM tBel BeWydration

phase confi nuous rmet hod using a alyst in the form
otagafliyseqd- Bad. tien @S Dig Udrd miktilie contadndmyg & -methyl
nmet hod, there are an adi abatic reactor and an

i styireneanbndewater, pundutsdt Andabiydbagers tedtherhydrogenation
pref erabl e because the isothernmal reactor requires an
afp&rd§& -for renpval of heat. In a case of the

adi abafic reactor, the tenperagture Lowers _w th
progrgg?fqﬁéﬁiﬁe%QERﬁ#Tﬁ#ﬁ%cgﬁgge? e2G8nar ZOTTS

cunyl c | el h 1 Gl j n

ot her ‘han ?ggfﬁgéi?ﬁgﬁ%ggkys%gbgﬁa%?g%hggggagg%gnyHEUCted by
shy1eq81ilSpRas&X@bRelh6us aRethed usilf d earReIaist @n the form

rises with progress of the reaction. As the result,

t b€ auflieed-beder aisurae deacias dseghdm tthen ddret inieus method,
there are an adiabatic reactor and an lsothermal reactor, and
the adiabatic reactor is preferable because the isothermal
reactor requires an apparatus for removal of heat. In a case
of the adiabatic reactor, the temperature lowers with progress
of the reaction because the dehydration of cumyl alcohol is
an endothermic reaction, and on the other hand, since the
hydrogenation of ¢ -methyl styrene is an exothermic reaction,
the temperature rises with progress of the reaction. As the
result, the outlet temperature becomes higher than the inlet
temperature because the generated heat quantity is larger.

The reaction temperature and pressure are selected so that
water contained in an ¢ -methyl styrene solution after the
dehydration, is not condensed. The reaction temperature is
preferably 150 to 300C ,and the reaction pressure is preferably

100 to 2000 kPa. When the reaction temperature is lower than

150TC and the reaction pressure is higher than 2000 kPa, water
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t%ﬂ%@?%@@@émﬁécause t he generated heat quantity is
| arger. The reaction tenperature and pressure are

selected so that 25 water contained in an a-nethyl

styrene solution after the.- dehlydration, is not

condensed. The reaction tenperature is preferably 150

to 3000C, and the reaction pressure is preferably

100 to 2000 kPa. Wen the reaction tenperature is

| e rbé kesndeibfedrat tthe beadkitobfptikesdsleydsabigherleading to
than 2000 kPa, water PCT/JP2003/016074 5 may be
cdatieniedastonhef dilid perdiormanctebfdtheidshydeakiioy catalyst.

deterjioration of the performance of the dehydration
cBugther, whepnt fbe, PRESFILR IF erligk. t3b RSPt

4P LS 20D RS 35 S R Rlracton.
t ' ] k j
B0 [AMBLESENES 15 pANEE A0 SACIER Hhe ¥onsuce 1

MigRefeARAR B50 &P !t He hayerébomefaideasat fhy8bus! béSause the
is accelerated by howing and the |ike. Hydrogen can

bgas uitid s € bdrtofiuchegenikehtet anme tiadweedngl8f the catalyst
reactor, nanely the inlet of the dehydration catalyst,
otifenisaddreileratiest diyo hdwlgmg hand ntkke bikehe

hydrogenati on catalyst, and_it is grefgrabl eto
cupp! STREO%eSFAT, RE FHPBLISA FREn Fhactbbah Phddtert Lxed-bed

RN R EHT I O N
éédgit%hefné’fé’%‘?%%mﬂé‘ 9B 148y # fti‘fr—:if Hgdi(:jégQﬁQEEBﬁt%hatalyst )

rlng!ng I nto anytlrre eX|_st_enc_eo yroge_nln e
dghydiat i 09 gpP8Le2ABlet t6 eapphiydFirsM dalijdridid dnlet of the

conversion rises, therefore, high conversion can be

afiaedetiedf featitoel yncoiparefl the sbseircittypfof vidherdehydration
catalyst and complication of equipments. That is, vaporization
of water produced through dehydration is promoted by bringing
into anytime existence of hydrogen in the dehydration zone and
the equilibrium dehydration conversion rises, therefore, high
conversion‘can be attained effectively compared to absence of
water.

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 the dehydration catalyst may be an amount

.of which cumyl alcohol is sufficiently converted, and the
conversion of cumyl alcohol is preferably 90% or more.

The amount of the hydrogenation catalyst may be an amount

of which @ -methyl styrene is sufficiently converted, and the
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chyﬂgwﬁm\’xgq?ér generated in the dehydration is passed
through the hydrogenation catalyst, it is possible to
operate at | ow cost wthout p%gticularly setting up

an apparatus for water renoval® as described above, by
operating at the level not condensing water. 25 The

anount of the dehydration catal yst may be an anount

of which cunyl alcohol is sufficiently converted, and

t BenveoBYOhSh N ohethll s By rehelis prpfetrabalyl 98 9@ more. From
nore. The anount of the hydrogenation catal yst may be
ahhemplewpobhtuwbE chosit net byls pneferable sthidt diletdghydration
converted, and the PCT/JP2003/016074 6 conversion of a
_setalysst préndvdrogemadian \CAPLLTL npFe. PaPkAfl {Resingle

GERRRaPegnreattar, St AR MEL b hedr,SeagieTs-
pa"keq'h n; sLpgLe ffﬂﬁéeg ?ﬁ‘ﬂo&eﬂﬁ Pe ! h‘&étd H.ﬁltggs%?ral beds

mul ti age reactors nsi e reactor

bgr ‘ila'o\(:' deghbRlths eNeiak iRGUst dQ"vi’&%t‘.i tﬁ@&@hﬁrﬁ%&’tﬂ%‘nd@at alyst
is not divided, the dehydration cat al yst and
haﬁa@@maigmmmbashlyay nlzey Bé daetdot lIgormprecaetie@aath other,
other, or may be partitioned with inert packing. The
poocwsy bk phstitdomed iwhtdntingrt spackingabl y applied

10 to a dehydration step and hydrogenatign ste

t
pr oduE'PieoHrOE?EEé%%tBP Wwvsﬁ@mwn '?‘ﬁa?rPEerﬁhﬂxﬁgaPPlled

X i AR A oo
bt Hons, tps goscrives

0Bb2bW, NdehyaRAS bl I iy 10 1 dOhIKi dd | mgd_fugeﬁatlon of «
-methyl styrene obtained by the dehydration, can be conducted
by the above-described methods:
oxidation step: a step of obtaining cumene hydroperoxide
by oxidizing cumene;
epoxidation step: a step of obtailning propylene oxide and
cumyl alcohol by reacting cumene hydroperoxide contained in
a cumene solution with propylene in an excess amount in the
presence of an epoxidation catalyst in a liquid phase;
dehydration step: a step of obtaining ¢ -methyl styrene by
dehydrating cumyl alcohol obtained in the epoxidation step in
the presence of a dehydration catalyst; and
hydrogenation step: a step of cc;nverting @ -methyl styrene
into cumene in the presence of a hydrogenation catalyst and
recycling cumene to the oxidation step as a raw material.

The oxidation step'is a step for obtaining cumene

hydroperoxide by oxidizing cumene. The oxidation of cumene

is usually conducted by aunto-oxidation using an
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PRI RHPONeEep: a step of obtaining propyl ene oxide
and cunyl al cohol by reacting cunmene hydroperoxide

contained in a cunene solutio? with propylene in an
excess ampunt in the 20 presence of an epoxidation

catalyst in a liquid phase; dehydration step: a step

of obtaining a-methyl styrene by dehydrating cunyl

al cohol obtained in the epoxidation step in the
peeggefiecohtaidenydgas i Aicis alsahy stor dMYydutth egeeaht ated air.
step: a step of converting a-nmethyl styrene 25 into
chihnkseokhdahdopr magnbe cbndukniedogerchiondn uss afysin @dfitive,
recycling cumene to the oxidation step as a raw

naedrpnl addhsiyRi gdchomssas) aldkal simgy fRe 88edi ni ng

BRSBTS 0 00 an
aﬁégéﬁé%% %:9 nﬁ)g‘%’ 8% a”gsﬁ-s”géﬂ?ot?’é{)v}égg A&t]mospheric pressure
Oéﬂ eg- rﬁ@&cem 1 Aff Bifgatildll Pt SRiP B Dehe additive is

con ucted W t hout use of an additive, and an additive
SH68d2arda1Xakal hetBY dEmpSedd sith BeaC4ORLr KOH, an alkaline
tenperature is usually from50 to 200C, and 5 t he
reacthane pa kssunrpotind Usuaklkaldt metalacavlsphatecsuch as Na,CO;
pressure and 5 MPa. In the oxidation nmethod in whic

t B Nad§iQsi \anman 1qys €NHa baCQal | ﬁlhéilmm&,t@f{*psmenéuwarbonate

KOH, | kal th netal d,
PR aEhE B - A0 0ath A0 & R St7SRAroe, |

car bonaeSPYlagiih stRpHl S 4 ELE HTRIIHR propylene oxige

' rgadeltmyIng1808%008Y PBaskeRg SumenleCByliopifiaiiidbbtained

propyl ene oxide and cunyl alcohol by reacting cunene
hydr oner oxidatabhasteg witht peopyildated dm sreexddds amount in
propyl ene in an excess anmount in
the presence of an epoxidation catalyst in a liguid phase.
As the catalyst, solid catalysts are preferable from the
viewpoint of separation of reaction products, and catalysts
containing titanium-containing silicon oxide, are preferable
from the viewpoint of obtaining the objective product under
high yield and high selectivity. As these catalysts, so-called
Ti-silica catalysts containing Ti chemically bonded to silicon
oxide, are preferable. For example, a catalyst prepared by
supporting a Ticompoundonasilicacarrier, 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 the 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
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t el R 2008/ Ee0 74
phase. 15 As the

an epoxidation catalyst in a liquid
catal yst, solid catalysts are

preferable fromthe viewpoint of separation of

reacti on product
titani um contain
fromthe viewpoi
under hi gh vyi el

s, and catalysﬁs cont ai ni ng

ing silicon oxide, are preferable

nt of obtaining the objective product
d and high selectivity. As these

Climb N8t Byd#6peabkede? Uit StheCaatalglsitst STReNkabRiti®n is

Ti chemcally bo
pecateiad! eut Fan
supporting a Ti

cshounid beptbpaid

nded to silicon oxide, are

axadphed phaaealysimgrae ;mﬂexbrtjy The solvent
conmpound on a silica carrier,

eundgayr tonpenakyre apd Eﬁﬁﬁéufﬁﬁ i«m the reaction,

silicon OX|deE§y copreC|F|tat|on net
Tb

n2RfFeLsren

li ke,, can b

#PBELJO Foactaptsian ar?aucaﬁd JFhe solvent

i
A5 R 58 oI R A o e
_Clﬂ?]sé gg Bg )%'(glg biind TR RER Hum (f}f e HQﬁrBBEh:fo':&qlenﬂ %rlhﬂct ure with

tron'Is conducte

apEmERdWHEORN YD

catalyst. The re

by Contacting propyl ene

0P4¢ fa €MFEAE thelape] Rticdeunene tha be used
action is carried out in aliquid

paase sabagiauselwénh.samyenﬁ\niﬁhouﬁmpaxtimulaqbvdadding a
under tenperature and pressure in the reaction,
se@bvent al AJdihbenal by, deeRrantychie PrYRRIELS. cwunds (e.g.

sol vent 5 may be

stance resent

h%%ﬁ@?oxra u&apﬁtsgﬁqreb&é‘ °¢%‘?°€&%‘F€°bﬁﬂéﬁneh
CYTERS0Y L efggtgﬁefeog chhil &Sdé%éﬂe CUEBNERIN e, can be

a raw rla

cunene can

alﬁEPé&' hyt aseEuq e gl thout particul arly addi ng

a solvent. Addi

tionally, nono-cyclic aromatic

CONpPoThEs epexd datidietzspardtnizens whial pefweme) to 200TC,

ort hodi chl or oben

zene),

and preferably from 25 to 200C. The pressure may be a pressure

sufficient to keep the reaction mixture in a liquid condition.

In general, the

kPa.

pressure is advantageously from 100 to 10000

The solid catalyst can be advantageously used in the form

of a slurry or

fixed bed. In the case of a large-scale

industrial operation, afixedbedispreferablyused. Inaddition

the epoxidation can be conducted by a batch-wise method, a

semi-continuous method or a continuous method.

The molar ratio of propylene to cumene hydroperoxide

supplied to the
When the ratio

deteriorated by

epoxidation step, is preferably 2/1 to 50/1.
is smaller than 2/1, the efficiency may be

lowering of a reaction rate, on the other hand,

when the ratio is larger than 50/1, large energy in the recycling

may be required

becomes bigger.

because the amount of propylene to be cycled

The dehydration and hydrogenation steps are
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o KHARRO0BQ10T40ct ane, decane, dodecane) and the |iKke,
can be listed as useful solvents. The epoxidation

tenperature is usually fromO to 20000, ‘-and
preferably from25 to 2000C. THe pressure may be a
pressure 15 sufficient to keep the reaction mxture
inaliquid condition. In general, the pressure is
advant ageously from 100 to 10000 kPa. The solid

cet@pysfoeasbhaiadvnantcagrethyy ste¢dene ble debiydiratfiray cumyl
slurry or fixed bed. In the case of a |arge-scale 20

i atitsholabbtpénatli dm thef eipostistation psedprabfiysubsdquently
In addition, the epoxidation can be conducted by a
bebtainisg mﬁ%@l by hyédnegensting difs apat H%GY6?-189 the cumene

conti nuous net hod.. The nol ar tio of propylene
CRFeReTRY APBEERIALIEO ShepIPHARI O e ?J%Xl’&%??%ﬁgi"ely' as

sﬁgg Lg ﬁr erably 2/1 to 50/1. 25 When the ratio is

S ?5? PRaf®2FE " the efficiency may be deteriorated

by | owering of a reaction rate, on the other hand,

when the ratio is larger than 50/1, large energy in
tBeameLEcl i ng nmay be required because the anount of

propyl ene to be cycled becones bigger. The

dehydNaixiton tived precreoge niatvenrt sorepks aexplained by Examples.
PCT/ JP2003/ 016074 9 steps for obtaining a-nethyl

sEyam@péeby dehydrating cunyl al cohol obtained in the

oD S e P URS AT OB U SRR Pl conon
TR b5 Ueh o0, AERER BRI RS  5grh reactor,
| $neWRiehN8dtRyaE¥@"RGfina as a dehydration catalyst and 60
wt% copper/silica as a hydrogenation catalyst were packed in
this order, from the dehydration catalyst side. At this time,
the pressure was 1 MpaG, the temperature was 205TC at the inlet
of the reactor, hydrogen of 1.5 times by mole of cumyl alcohol
was used and the gas linear veloclity was 14 cm/sec (converted
under the normal temperature and pressure). The conversion of
cumyl alcohol at the outlet of activated alumina was 99%, the
conversion of ¢ -methyl styrene at the outlet of the
copper/silica was 99% and the overall selectivity of cumene
was 99%.
Example 2

It was carried out in the same manner as in Example 1 except
that the pressure was changed to 1.4 MPaG and hydrogen was used
2.0 times by mole of cumyl alcohol. The convérsion of cumyl
alcohol at the outlet of activated alumina was 99%, the

conversion of & -methyl styrene at the outlet of the

copper/silica was 99% and the overall selectivity of cumene



10

15

20

EXaHBT #0#CIPA cunene sol ution containing 25% by

wei ght of cunyl al cohol and hydrogen were passed
upwardly through a single reactor, in which activated
alum na as a dehydration catalyst and 60 w %
copper/silica as a hydrogenation catal yst were packed
in this order, fromthe dehydration catal yst side. At
this time, 15 the pressure was 1 MpaG the tenperature
Weas20bk.at the inlet of the reactor, hydrogen of 1.5
times by nole of cunyl alcohol was used and the gas

| ExampleeBocity was 14 cnfsec (converted under the
normal tenperature and pressure). The conversion

cuny® guBeRe|skuiien mntétiw?aeﬁﬁm é{fiaH%Pﬁacwazl alcohol
99% the 20 conversion of a- n
oty Grodte %eofp%mwo eI shEnkoR g Shapdf zeactor 1n

)t
0 4 o 5, L AP S5, s .05 v
Zﬁaﬂﬂﬁﬁiﬁﬁ?aﬁ’.ﬁﬁéﬁﬁr S,sv‘ﬁshfcﬁ‘ﬁé‘%éﬁiaf?oﬁ cé4t P& apdre packed in

drogen was used tinmes nol e of cunyl al coho

Thﬁiﬁ@ﬁ:\d%&sl ﬁﬁoﬁ&h@ﬂﬁ(ﬁydﬁawmlsme {tie this €imef the pressure
activated al unina was 99% the conversjon of a- met hyl
swgsechedaMPatie thel tempéraharecwppeipéi G &t viehe gigsket of the
and the overall selectivity of cunen

PEFASPRE03hE 509211 0Thds 595%“655?@{@10&63 ok GWEe alcohol was

ot SR UL oo

ﬁgtr% . L Wﬁ%& It §edlsuiRd)a i‘ﬁeacgﬁt})ég‘giﬁoho@f cumyl
alcohol at the outlet of activated alumina was 99%, the
conversion of & -methyl styrene at the outlet of the
palladium/alumina was 99% and the overall selectivity of cumene

was 99%,

INDUSTRIAL APPLICABILITY
As described above, according to the present invention,
there can be provided a process for producing effectively cumene

at low cost.
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pBFT/4B#APR1807dni na as a hydrogenation catal yst were
packed in this order, fromthe dehydration side. At
this time, the pressure was 1,4 MPaG the tenperature
was 205t at the inlet of the 1*eactor, hydr ogen of
1.5 tinmes by nole of cunyl alcohol was 10 used and the
gas |inear velocity was 14 cnisec (converted under

the normal tenperature and pressure). The conversion
of cunyl al cohol at the out¢pAre$ activated al um na
was 99% the conversion of a-nmethyl styrene at the
outlet of the palladium alumna was 99% and t he
overall selectivity of cunene 15 was 99% | NDUSTRI AL
APPL| CABIA | TYoasesss cEPBeddRbielngc corgnegy t¢higk comprises

present i nvention, there can be rOV|ded 0cC
f BHPBABADE; TRl AdGahreh 9%%0 6B ta 5| deh¥Psation catalyst

LG 40 S g B v
#968&8& toaﬂddﬁ%ﬂ@émt hy%&ll lpp fihPLitRe Rixture to a

xture conta | styrene and ‘water

Phoduegenard oy dad@arsstand supplying the mixture to a
hydr ogenati on catal yst. 2. The process according to

cl ai m21, Thé prreice sishecekehdiin gttioortiatmilalwheiré n the dehydration
activated alumna. 10 3. The process according to
cpatﬁﬂfstwﬁérQQ¥#Mﬂ¥e@nﬁ%Qmﬁm%t|on catalyst is a
catalg st _containing a netal. of 10 or

i-

1
Per i odi-c TREIRFOGLSSTRCHHITLRY E\%cﬁrgi“ﬂg tov P§|%ﬂ'\n3ll%e

\Aﬁer%bgetng%lﬁ @aﬂas.l.yst is a catalyst containing a metal of
Group 10 or 11 of the Periodic Table.

4. The process according to claim 3, wherein the metal is
palladium or copper.

5. The process according to claim 1, wherein the
dehydration catalyst and the hydrogenation catalyst are packed
in a single fixed-bed flow reactor.

6. Aprocess for producing propylene oxide, which comprises
the fellowing 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 contained in
a cumene solution with propylene in an excess amount in the
presence of a epoxidation catalyst in a liquid phase;

dehydration step: a step of obtaining @ -methyl styrene by
dehydr&ting cumyl alcohol obtained in the epoxidation step in
the presence of a dehydration cétalyst: and

hydrogenation step: a step of hydrogenating &-methyl



PP T/dB29%0360%dopper. 15 5. The process according to

claim1, wherein the dehydration catalyst and the

hydr ogenati on catal yst are packed in a single

fi xed-bed flow reactor. 6. A pl%cess for producing

propyl ene oxi de, which conprises the follow ng steps:

20 oxidation step: a step of obtaining cunene

hydr oper oxi de by oxi di zi ng cunmene; epoxi dation step:

ag 84 28nef 19 MR BrBgcRERPYE D By@tiodR it orf BEKR 19152086 convert
by Teacting cunene hydroperoxide contained in a
cyfiebecafnkrki andWwrebypndny dte tion thie @sciekst oowitep ms a raw
the 25 presence of a epoxidation catalyst in a liquid
phateriddhyehatiedm $thep dehydmgpt vdn opf aCwhny algehmy| and the
styrene by dehydrating cunyl alcohol obtained in the
chbiragenas ionept | 4 -mpéhyles tyEengiobtafgd byt thp dehydration
~catalyst; and hydrogenation step: st of

hF8F oG eRbLPAgORE MY | RPERPIPABESFBLREHO 130K PP RE FLalms 1
tp$ presence of a hydrogenation catal yst to convert

info " ¢unene and recycling it to the oxidation step as

a raw nmaterial, wherein the dehydration of cunyl

al cohol and the hydrogenation of a -nethyl styrene

obt ai ned by the dehydration 5 are carried out by a

nmet hod according to any one of clains 1 to 5.



