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PCT/FRo0BUI3668869 1 DESCRI PTI ON PROCESS FOR PRODUCI NG
CUNENE AND PROCESS FOR PRODUCI NG PROPYLENE OXI DE
CONTAI NI NG SAI D PROCESS 5 TECHNI CAL FI ELD The present
invention relates to a processlfor producing cunene.
More particularly, the present invention relates to a
process for efficiently producing cunene from cunyl

al cohol 10 and a process for produci ng propyl ene oxide
contai ning said process.pgésfREP ART As a process
for producing cunene by subjecting cunyl alcohol 15
to hydrogenation, nanely, to hydrogenol ysis or

dehydr ati on- hydrogenation, it is disclosed in, for
PROGHSS FOB P NE ANPRRDCESSBBOR PRODIIING PROPYLENE
into cunene by drogenol ysis of cunyl al cohol with a
copper - based caﬂ%&ﬂﬁ CQNW&%NENﬁcﬁﬁ%BI§§Q§E§$ep of
propyl ene oxi de production. 20 Especially, in use of

wi th the copper-based catal yst, cunene can be

obtai ned under high yi e} r-hydrogenation

of cunyl al cohol dlfflcnﬁﬁﬁﬁfgﬁﬁes pﬁgce in

hydr Oﬂ?élgifégend &rﬁf@wi&nmémé& aeeal pk8&§§%05§rh§‘¥3duc:.ng
conducted a study on use of a palladi um based

GRinfines! M gk REsT@tl P €é pyséenSifivéenpioducedgtes to
cunene from cunyl al cohol under higher activity and
sepeoresist joronphielenbly eredpping kagethe frainy sumyl alcohol
But, though a high activity coul d be obtained in use

omd 1fe PLOAeSRlifinR RERINGER G IBRIPY19Re o¥hde CPRbRLRANY said

t hat select|V|ty mar kedl y decreased because
PFAEE = hydr ogenati on of cunyl

BACKGROUND ART

Asaprocess for producingcumene by subjectingcumylalcohol
to hydrogenation, namely, to hydrogenolysis or
dehydration-hydrogenation, it is disclosed in, for example,
JP2001-270880A and 2003-081886A to convert into cumene by
hydrogenolysis of cumyl alcohol with a copper-based catalyst
in a hydrogenolysis step of propylene oxide production.
Especially, in use of with the copper-based catalyst, cumene
can be obtained under high yield since nuclear-hydrogenation
of cumyl alcohol difficultly takes place in hydrogenation.

In addition, the present inventors have conducted a study
on use of a palladium-based catalyst as a hydrogenation catalyst
for producing cumene from cumyl alcohol under higher activity
and selectivity compared to the copper-based catalyst. But,
though a high activity could be obtained in use of the
palladium-based catalyst, there was a problem that selectivity

markedly decreased because nuclear-hydrogenation of cumyl
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FOPER20PPO346913869 2 al cohol took place. DI SCLOSURE
OF THE | NVENTI ON An obj ect of the present invention is
to provide a process 5 for producing cunmene from
cuyl al cohol with a palladi un? based catalyst as a
hydr ogenati on catal yst under high activity and

sel ectivity. Further, another object of the present
invention is to provide a process for producing

HUDH SN & SB4 Lootaining the 10 process described
%b &Bﬁ&d;?ltcﬂé;

ove. That 1s, present invention relates to a
process for producing cunene by subjecting cunyl
al cohol to hydrogenolysis or hydrogenation subsequent
to dehydration, BISOLOSURE iGRSTHESINYENTION
pal | adi um based catal yst as a catalyst for the 15
hydr diye ®8ljesits ofr the @naahydasendiionni§ tRipxpvide a process
hydrogen having a carbon nonoxi de concentratiOf o%_

OF PEOFYCIHNG,CUBPRFE TR CHIRNLOYERONPH Yt £ R Lafbum-based
present .Jnvention relates to _a.proces for.producing.
SR S PoBY OTRDEROCARD FESE RS PEAFGuPRGE pELvity and
e @%tinquion step: a step of obtaining cunene
hydr operoxi'de by oxi di zi ng cunene; epoxi dation step:
a St efuPfheP] aaRbBe Pl 6PyboRE oBXtte PAGsehtMinAirlien is to
by reacting cunmene hydroperoxi de obtained in the 25
@ricdeitdeon prepe s tomppopilenag prapy devessciabpmgontaiming the
cunmene production step: a step of producing cunmene by
ajaars mipemipedl 2P%e - obt ai ned in the epoxidation

step_to
plThat is, the present invention relates to a process for

producing cumene by subjecting cumyl alcohol to hydrogenolysis
or hydrogenation subsequent to dehydration, which comprises
using a palladium-based catalyst as a catalyst for the
hydrogenolysis or the hydrogenation, and using hydrogen having
a carbon monoxide concentration of 0.1 to 10 % by volume as
hydrogen.

In addition, the present invention relates to a process
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 in an excess amount; and

cumene production step: a step of producing cumene by
subjecting cumyl alcohol obtained in the epoxidation step to
hydrogenolysis or hydrogenation subsequent to dehydration and

recycling said cumene to the oxidation step, and which comprises
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LG BenEL1868 or hydr ogenati on subsequent to
dehydration and recycling said cunene to the
oxi dation step, and which conprises PCT/JP2004/ 013869
3 using a palladiumbased catabByst as a catal yst for
hydr ogenol ysi s or hydrogenation; and using hydrogen
containing 0.1 to 10 % by vol une of carbon nonoxi de
as hydrogen. 5 BEST MODE FOR CARRYI NG OQUT THE
W'Q\bfﬁléﬂ@ﬁhﬂgsééf cREQEYEkNG C W%%ecaflm Fop/|

aIcohoI wth a palladiumbased catal yst,

3} d e &eo Td 19 A5 19y Br SHONEE i oMNa®idyus ﬂng\ﬂjﬂﬂ)g‘dﬂ containing
produci ng cunmene by converting cunyl alcohol into a

-0l o B3 y& e bylumat aft cagbunt moaockdided eat ihgrdrogen .
cat al yst, andthen subjecting a-nethyl styrene to
hydrogenation by contacting mﬁth a pal | adi um based

catal yst in_the presence _of Q er

sorot] mes PERE, HBRE: EO8C caRBYIHC, SUE Ak apdTon. )

and 0 I Iq ;

al Coﬁ%%reé ?qéeq: %4] f%:r.p g)lf% %1%@3%2121& %% %E}n%qt %’fl'.%hol with

B %%qu%ﬁfmiwaﬁééwmtél%c@r rﬁheosfblhwﬁ@en@ltwd% are shown:
hére i's explai ned the nethod of converting into a

- rret hyame By Y I e tibio €8y dp 56 ABQ1L h § eclimé ¢ oyhebhiveredng cumyl

cunyl al cohol and then converting into cunene by

Ridrayehanitegdsaiet ey et fryenedly soptesding watlalayéehydratlon

used in dehydration includes acids such as sulfuric

étar"cﬁlitm‘bséhé ihe negy i @Fei B9 ot iRHaY 3 strasne hydapgenation

B Bontacting Mednat e hASHER Beprrccalnftl rhpopresence
AR e 35 BELERAPLEL T OBNKIENRY Bt AlrctPRAY Al On

N uré, “cata yst
sedffd Vi £ Yon Sh$drogenation™), and

a method for producing cumene by contacting cumyl alcohol
with a palladium-based catalyst in the presence of hydrogen
to carry out hydrogenolysis.

There is explained the method of converting into @ -methyl
styrene by dehydrating the before-mentioned cumyl alcohol and
then converting into cumene by hydrogenating said ¢ -methyl
styrene.

A catalyst used in dehydration includes acids such as
sulfuric acid, phosphoric acid and p-toluene sulfonic acid and
metal oxides such as activated alumina, titania, zirconia,
silica-alumina and zeolites, and activated alumina is
preferable from viewpoints of separation from the reaction
mixture, catalyst life, selectivity, etc.

The dehydration is usually conducted by contacting cumyl
alcohol with the dehydration catalyst, but, in the present

invention, hydrogen may be fed together with cumyl alcohol to
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TEHERYHP 8PN i s usual |y conducted by contacting
cunyl alcohol wth the dehydration catal yst, but, in
the present invention, hydrogen may be fed together
with cunyl alcohol to PCT/ JP2004/ 013869 4 the
dehydration catal yst to conduct the hydrogenation
subsequent to the dehydration. The reaction can be
conducted in a liquid phase using a solvent. The

$3eY &¥n dﬁl}.ﬁ%ﬁo&ecéeaﬁget tal b¥nhnek! the HWe¥TARnRton
ucts

and pro The sol vent may be a substance present

isutsagiant atsotiwé aehydraviba.be used. For exanpl e,
when cunyl alcohol is a mxture with cunmene as a
produthe reéadtiposscabl leet@ouéectednéneaaliaugdbshasat @sing a

mnthout addi ng a solvent in particular.
1oFhﬁﬁﬁkﬁ%@%FBOPéd&ﬁﬁ#P§¢§%¢%61h56@ertt°reaCtantS

10 150 t 300 C.
fﬁ\%ﬁ%ﬁﬁ@&&a 188 441950 o Red Sohs i PERahE A @ cumyl
% ts%Qﬁ?cLﬁtS v tcomﬁ%uggg% %&gam aecagvﬂgﬁsauwlaalcohol
Urry orm or | Xxed Orm nt 0

den v hAabd 1Rt o dtidhy SumetRd J58 % SoAUCHTOYRL 5 seBB_HQHth@ to use
convert cunyl alcohol. 15 In the present invention,

gy hssa Wbt Ohité Rddhout kAaidghy dralivedit dndparticular.
hydr ogen are supplied to a hydrogenation catalyst for

Ry dgbydriartd o tﬁaphyatgmrieﬁel&u@rhbﬁﬂpt@diﬁﬂ g preferably
cunmene. As .the hydrogenation cataly a

dalq @ FP% seancBFHP}stth2095?§59§§d1Saﬁ€V§§tFH§°US1Y 10 to

RS BT o :ffeg}mgmp B8 A4PErc4BRRIYEY conductea
B AT A D0m PLe L ShotuTRougheR GONGIRIANA] Brm.

I's pre suppressi ng a nucl ear
hMﬂQﬁﬂﬁHHﬂ'dﬁ]Eﬁéfﬁéﬂfﬁkéﬁi@ﬁ'@@taiﬁ@tpﬂééadm5§1be an amount

concentrati on
enough to convert cumyl alcohol.

In the present invention, & -methyl styrene obtained in
the dehydration and hydrogen are supplied to a hydregenation
catalyst for hydrogenating & -methyl styrene thereby producing
cumene .

As the hydrogenation catalyst, a palladium-based catalyst
are used, and as the palladium-based catalyst, supported type
catalyst such as palladium/alumina, palladium/silica and
palladium/carbon are listed. Though a concentration of
palladium is preferably low for suppressing a nuclear
hydrogenation as a side reaction, the palladium concentration
which is too low leads to disadvantage in reaction rate. The
concentration of palladium supported is generally from 0.005
to 10 % by weight, preferably 0.01 to 1 % by weight.

These catalyst can be used alone or in mixture of 2 or more.

An amount of the hydrogenation catalyst used may be an amount
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PETHHR28M9B386%0 | ow | eads to di sadvantage in reaction
rate. The concentration of palladi um supported is
generally fromO0.005 to 10 % by weight, preferably
0.01 to 1 % by weight. These catal yst can be used
alone or in mxture of 2 or nore. An anount of the
hydr ogenati on catal yst used may be an anount

PCT/ JP2004/ 013869 5 enough to convert a-nethyl styrene

I BN ot he -neiMAr S8 réie s Nyhm&h¥! €8RA the

'S preferably 98% or nore. As hydrogen used, it Is
ARG Vol G fise -hpdhgges tadny i maémnamgnoxasleor more.
concentration of 0.1 to 10 % by volune, 5 preferably

0.5 tAs hydingaemlugesi. \Wed st hecessaa tat hes bfdcagbcnhaving
nmonoxi de (herein-after, may be referred to as "CQO')
|ae§@rhqmﬁn@qn%w%%%raalga| g€t Pvilt y°ofl°c dmd¥¥e volume,

RS b S0 & SESeIome SRS e, endemFRagdgn of carvon
3‘%2{]0 overt(lfgé%?o%n—hgﬁ&geqﬂé?%é rgﬁ%égggﬁégte%siggaazdls less

tthan BRheCh owﬁepra?%@meclt&warw 88 ABKAS RaldkRdly decrease
reaction acfivity significantly decreases. CO may be

tRdaAigwe hyidrdgeasdt doiodgan asomat dw miatPeéarlraides as a side
recycl ed hydrogen in the cunene producing step. Wen

reacvian do hhdrhgdnogenatadn ehdivdregrokyskes . il ¢he other
a part of an excess anount of unreacted hydrggen in .
twdc-um@@ avsaule@rﬁ;bvsve&uw&s béehg pi'd'f%fé‘"os attain the

t he nreacted h

gfa n [ r io ctivity
Jg%'i; BRLT R H‘ﬁ‘-‘e“"ch% & %PSE s

:§¥Ef¥?%ﬂ{%if§? segysled hydrogen may be that

ogenofy3|s of formc acid or a

for M €o Qﬁdﬁ @@réd&%éi/@edfﬂﬁ Nege SR Wdrb@ehh&s a raw material
epoxi dation step, or that added ne In a case of
whrchebwe&hdhw@mmygenﬂmhtﬁharmmm@medphgduogng step. When
recycled hydrogen is used, the valance after which a part of
an excess amount of unreacted hydrogen in the cumene producing
stephas been purged or the whole amount of the unreactedhydrogen
without purging is recycled in the cumene producing step. CO
contained in the recycled hydrogen may be that produced by
hydrogenolysis of formic acid or a formic acid derivative
formed mainly in the epoxidation step, or that added newly.
In a case of which fresh hydrogen and the recycled hydrogen
are simultaneously used, a larger ratio of recycled hydrogen
containing CO leads to become advantageous in hydrogen cost
because fresh hydrogen can be reduced. Further, when CO is
contained in hydrogen, the nuclear hydrogenationof the aromatic
ring as a side reaction in the hydrogenation or hydrogenolysis,

is suppressed. Isopropyl cyclohexane, isopropyl cyclohexene

and the like as products in the side reaction, are an oxidation
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ZCE/H2aP1/@BRedusl y used, a larger ratio of recycled

hydrogen containing CO | eads to becone advant ageous

i n hydrogen cost 25 because fresh hydrogen can be

reduced. Further, when COis &ontained in hydrogen,

the nucl ear hydrogenation of the aromatic ring as a

side reaction in the hydrogenation or hydrogenol ysis,

i s suppressed. |sopropyl cycl ohexane, isopropyl

QHH PRGN af e b€k £t 850 PFAEEChRAl BuliS S RIroperoxide
reaction, are an oxidation PCT/JP2004/013869 6
igaiddtiefi t R grilier ipd ity e didfsaRthedlfh@ereaction mixture
hydr operoxi de selectivity significantly decrease when
t(maindac téuwmeme Xt cortaimingl $heaeepepduotsaifaiony tthise simene
products fromthe cunmene producing step is recycled
oradyecigd §epobs fiagyclit spdtgloxlida i stepj-sAccordingly,

contai ned in hydrogen used in the hydrogenati an/ )
R Geh oSy ST TG 1 THF QITRTRG G efpie (Rgdrogenation/

nucl ear drogenation of th [ ke ri ca e

Ay lend L0 TRHF FamblE PEOHRLLRG ST THHE" nuctoar
o4 tﬁ’fogl‘iésér&h&tiexkﬁ!ﬁ%ﬂ @ln 1@ ERppr®sed and

meanwil | e, because CO is an I nhibifing conmponent of

e derbgenat Lanpbysiplenty Yiire adient@Qeondlybeggiess the
is supplied to the reaction, the activity of the

padildediion based catal yst deteriorates, further when

the CO concentration exceeds the above-descri bed

r ange’ o% Hdrameanvhl foc begaresq 6013 Sapni HpeiRisipg) gomponent
O 1 SR L CURT A O St0 EEF LB nc AR EPof RBEbgen 1
A i t H . .
TP $3° Y050 DY, RO o0 Bt dasam-vasea
CRIAN O e S1o¥d te sl CORPthe 2Z0whERERBORAICMRG drtration

the cunene producing step is recycled
exceeds the above-described range, the activity decreases to
an impermissible degree in the & -methyl styrene conversion.

Therefore, it is essential to control the CO concentration
in hydrogen used in the hydrogenation /hydrogenolysis within
the above range taking account of the conversion of cumyl
alcohol.

Cumene obtained in the cumene producing step is recycled
as a raw material to the oxidation step.

Though the hydrogenation is carried out by contacting «¢
-methyl styrene and hydrogen with the hydrogenation catalyst,
a part of water generated may be separated by oil-water
separation or the like or may be supplied together with &
-methyl styrene to the hydrogenation catalyst for carrying out
the hydrogenation subsequent to the dehydration.

Though the amount of hydrogen required in the reaction may

be eguimolar to ¢ -methyl styrene theoretically, an excess
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FETARZAM/BE62 i al to the oxidation step. Though the
hydr ogenation is carried out by contacting a -nethyl
styrene and hydrogen with the hydrogenati on catal yst,
a part of water generated may be separated by

oi | -water 25 separation or the like or may be supplied
together with a -nethyl styrene to the hydrogenation
catal yst for carrying out the hydrogenation

HARAYSR hirarbBendehEfliAdd bEHE i adTedRbosknts which

hydrogen requiréd in the reaction may be equinolar to
ToRiund 1IBfgreden t heer ebhcalihgd an e¢kheesaw material.

PCT/ JP2004/ 013869 7 anmount of hydrogen is required

because agtdbar carpionefithydrnigsn toofsmethivlds byeenar ¢che range
contained in the raw material. As a nolar ratio of

[fdroden kb i urahly AgRbird Rerarangehe oFeactionrgproceeds

B WP BAeat B8 pleeisbr8aebie G Byalosen. me
. ' t

PHLOE b th P BEcbRably T ED £ SRE BN Oe < ahBuily gEiyarogen

G d S YA S Bld FeSCPRERI 88N é ORREPE1EL5ELEP separated
m xture. The hydrogenati on can be conducted in a

|firthm dhehfsacts bAOmExEakEeMmhe hydhso gereessiei o fvars bleveahducted
10 shoul d be substantially inert to the reactants and
prmodudiigiui dTiphass weing@y slod vandulogt gace phrisst-i nfhensolvent
an a -nmethyl styrene _solution to be used, For

& beyjsabstandial 1k dypegife tios thg fpackpets aad products.

RS RETUED shbobRp B8 ih g g HIR s trrene
A5 46 e SRR 42 LSRR ety prene 1
i REBFEUFELth TulerRNh80e prolanctl 09t tis pBs8ED1ePBo vi%: cumene
nodes of the dehydration and hydrogenation, these

as a substitute of the sclvent without adding a solvent in

particular. ThehydrogenationtemperatureisusuallyOto 500C,
preferably 30 to 400°C. Inusual, the pressure is advantageously
100 to 10,000 kPa.

As modes of the dehydration and hydrogenation, these
reactions can be usually conducted by a continuous method using
a catalyst in the form of a fix-bed. The dehydration and
hydrogenation may be conducted using separate reactors or a
single reactor. As a reactor used in the continucus method,
there are an adiabatic reactor and an isothermal reactor, and
the adiabatic reactor is preferable because the isothermal
reactor requires an apparatus for removal ¢f 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,
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FEAARZ9HYOB8R% be usual |y conducted by a continuous

nmet hod using 20 a catalyst in the formof a fix-bed.

The dehydrati on and hydrogenati on nay be conducted

using separate reactors or a ®ingle reactor. As a

reactor used in the continuous nmethod, there are an

adi abatic reactor and an isothermal reactor, and the

adi abatic reactor is preferable because the isothernal

Ahd eambeiratastel ¥ £SedRviaPpiabeeskU s taROYSAcPiofcahe cutlet
In a case of the adiabatic reactor, the tenperature
Itnmgeratumepnmgm&&shlghethEhaaamnedwﬂbﬁnﬁampeth&ure'because
dehydration of cunyl alcohol is an endothermc
rductgeneraied dpeabheqvantitvahg, lorges dme total.

hydr o natlon of a-nethyl styrepe is an exothermc
react L5 5P OS5 =1 P @HAHIT S PE P+ 1 85ted so that

h h h |
YA 658 84, LReof R e TE AU s L GTREL A HEEr e
ﬂe@pl&?atlguﬁ@{:' E%lahénkéﬁgeﬁ‘hbn r%‘&t:atllon Remperature is

reacti on tenperature and pressure are sel ected so that

D SFas DNt BoNesl 300 W@Nand-td RPrhctliyheffe §8héiidpreferably
after the dehydration, is not condensed. The reaction

tisrpeoat00ekPa. Wireaf €habigmpdtatwr3Ae0)o dod ¢he the pressure
reaction pressure is preferably 100 to 2000 kPa. Wen
t#ﬁaﬁQQqh#ghur%a¥%rt@@YIbﬂ/@Pnﬂﬁésﬁﬂe§§u¢@e|QPQ¥ﬁ¥ of the

hi gh, . water nay be condensed a{ the, outl Et of the

TR P | Rt te o%?%??b?ﬁ??‘bﬂno? t hge Perf°9“‘a“°e of
\%ﬁ]{ f o({%rlﬂan J:ea1§).1f.ont he tgfgggr aﬁu%@hg?t a\'ﬂﬂg{‘n tﬁgrbpggsure is teco

pressure

qi i3V ant ageges o alhgﬁv%ﬁ%%@e%se‘iﬂ' khir .’ré'HthBn e%ulllbrlum
dehydratlon When the tenperature is too high or t

[feashy@rat$ohQ0 Wl@é\h thie taiypoELOiTe dsIRM/ADHAYE0LISe pressure
because the catalyst 15 life is shortened by how ing

ars the lowe icamsgibégomeotisyinan bageousfbedrugmdhe catalyst
plhlafsee ICJ).asr tshortened by howling or the like caused by much
generation of the gas phase part.

Though hydrogen can be supplied from any one of an inlet
of adehydrationreactor and aninlet of a hydrogenationreactor,
it is preferable to supply from the inlet of the dehydration
reactor in view of the activity of the dehydration catalyst.
That is, vaporization of water produced through dehydration
is promoted by bringing into constant existence of hydrogen
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.
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FEAUGROPA/386€n can be supplied fromany one of an
inlet of a dehydration reactor and an inlet of a
hydrogenation reactor, it is preferable to supply
fromthe inlet of the dehydrat¥on 20 reactor in view
of the activity of the dehydration catalyst. That is,
vapori zation of water produced through dehydration is
pronoted by bringing into constant existence of

BEHAEEN, uhPehb e dANE R dPiin 28R AEL § &18a €06 Cabd/fecycled
dehydration conversion rises, therefore, high

aftear gad Tagube separaefloASopktrattionel y conpared to
absence of hydrogen. Though water generated in the
dehy e therhergasabdthar ige offe thed gégedddwifl separation
catalyst, it is possihle to operate at |ow cost )
WReTGtiioharkt df RSP ibde itRgSepazRteppaterugepsrated in the
er. removal__as escri bed abayv by operatin th .
AESlan D i S A Doy, BrBakb ¥ the' Srainea
E;léraléﬁ.rorr Hg&%ﬁ%%eﬂngyﬁi? .Qﬁﬁnédﬂa ¥ B&n Yl Eggggﬁh'dof‘o 43} reactor
be recycle after gas-Tiquid separation oOperation.
Ryt heggore, at the tine of the gas-liquid separation
operation, it is possible to separate water generated

i n t Eondi dehimly airom af vdewpbénteaf tecast mttieudehyAration and
part of the obtained reaction m xture (nmainly cunene)

darlnngenation catalrrt s érg prefegrahist Packest d&r ppg reactor
froma vieggpint of cost, the dehﬁdration an

d
Rty ﬁléatﬁfa?ﬁ/gifgesr‘f’;sd&%v% fa_ﬂsmnd%a&leaalriﬁycﬁq%reactors-
t t o t
T oégpga%lggggggf%#é%e} r%a%rg:eltonlf&(r%e%% q.%q:so %létverqr:%yl beds or

In ap ural i reactor

hotPaHdd Rl 14O SPVEE dhoPePareit18aka, Vise ditiydration

reactor 1s not partitioned, the dehydration catalyst
kW v aedahy@Rogahakysh Savalgsdinief teydtostatyedontacted

each other or those may be partitioned with an inert
[esaciti oher or those may be partitioned with an inert packing.

A case of which production of cumene from cumyl alcohol
is conducted by hydrogenolysis, is explained below:

The hydrogenolysis is a reaction for obtaining cumene by
subjecting cumyl alcohol obtained in the epoxidation step to
hydrogenolysis, and is a reaction in which dehydration and
hydrogenation apparently proceed at the same time. The
hydrogenolysis is carried out by contacting cumyl alcohol and
hydrogen with a catalyst. As the catalyst, though the
above-described palladium-based catalyst used for
hydrogenation of & -methyl styrene, is used, it is possible
to efficiently carry cut hydrogenolysis by using a
palladium-based catalyst in which palladium is supported on
a carrier showing a catalyst activity in dehydration such as
activated alumina, in particular.

Of course, as hydrogen used herein, hydrogen having a carbon
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PSCTAIRZA’E0BB6R/Ni ch producti on of cumene from cunyl

al cohol is conducted by hydrogenol ysis, is explained

bel ow. The hydrogenolysis is a reaction for obtaining

cunene by subjecting cunyl alléohol obtained in the

epoxi dation step to hydrogenolysis, and is a reaction

i n which dehydration and 20 hydrogenati on apparently

proceed at the sanme tine. The hydrogenolysis is

QR d60 OHbnBYnt BTN §F 0CUMYS 18! £8YQloadk , PHIEAGR s imilar

with a catalyst. As the catal yst, though the

alwvhatesssd biar tpal hpdirogehasedncai ahissid gsem tlog same reason

hydrogenati on of a-methyl styrene, is used, it is

pos dadarded caledvéeci ently carry out hydrogenol ysis by

using a palladi umbased catal yst in which palladium _

i s suPpphvdgogsnodyedsrdan be rdkilsd eatdateayksiedopt\ingliquid

in dehydration such as activated al und na, .i .
SEHHIT F LOFERE - ad i HOLERH b TAORLA PR, Substantially

*%de{ﬁg &Y hi.aﬁ/é n:.g? gtaf é{ip ? gagé’.r é/%gégg%/sm'%%%g sjoqhx}gﬁlg}:o )ﬂéﬂﬁ be a

concentration 0O vol unme, whi ¢

Hufddncd @4ihatidiped &nbdiipl PMUAREANALL AR 1 oSty used. For
fromthe sane reason as descri bed above. The

Rescngolen Ol 6 h £ Bl HBcehbdl discavnk ¥t agen itth uihehd ad a product,

liquid 5 phase using a solvent. The solvent shoul d be

sivbsitsamasdible i heruse ccuene cast ansgbabiitptedoft the solvent

The solvent may be a_ substance existing in a cunyl

At ARGt sobeensedn partignd@dl-e, when cunyl

al cohgl is m xture, w cunmene as a ,product it IS

pose Hreudh T, SpdBnee b iR Featutat 1hctie meaqtion may
! ' I in pagt] : h_th

b el B Sl YRIROL, PR SEUREE arldRUE pE Miyarogen

SO HERI AT dP beld@is A btk copoRenss wAlRUNtofikume hydrogen,

hydr ogen
are contained in the raw material. Further, the molar ratio
of hydrogen to cumyl alcohol is usually from 1 to 10 because
the reaction proceeds rapidly by removing water generated to
a gas phase through increase of the gas phase part. The ratio
is further preferably from 1 to 5. The excess amount of hydrogen
remained after the reaction may be recycled after separated
from the reaction mixture. The hydrogenolysis temperature is
usually 50 to 450C, preferably 150 to 300TC. In usual, the
pressure is advantageously 100 to 10,000 kPa. The hydrolysis
can be advantageously carried out using a catalyst in the form
of slurry or a fixed bed.

The reaction can be conducted by a batch-wise method,
semi-continuous method or continuous method.

When a 1ligquid or gas containing a raw material for reaction
is passed through a fixed bed, the catalyst is not contained

at all or substantially in a liquid mixture drawn out from the
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iIPECHEZIP¥edB8Because ot her components which consume
hydrogen, are contained in the raw material. Further,
the nolar ratio 15 of hydrogen to cunyl al cohol is
usual ly from1 to 10 because Xhe reaction proceeds
rapidly by renoving water generated to a gas phase

t hrough increase of the gas phase part. The ratio is
further preferably from1l to 5. The excess anount of

ioges, £&@i ned after the reaction may be recycl ed
after separated 20 fromthe reaction mxture. The

hy dr oTjed @ ysi - d el Béd rero Ge s ¢St [the @ricdudilon of cumene
preferably 150 to 300 C. In usual, the pressure is

dcb/ antiigbdyseppliedti a0s 06w florapryfuchndreoiyeie incprropylene
be advantageously carried out using a catalyst in the
forke @redysiionrag PeRedgoped. P23O¥he reacti on can be

CONL 58 BY PRl oBe oS S ncatns ene
{-ai.ni terial f ti ' d
ﬁd;h‘o%vﬂil{;&f%é fmaterl a or reactli on I'S passe

bed, the catalyst is not contained at

al | ekiaale%angtaglzyal Btég' bHUSBtHi X i HECcEhaNE Ryliroperoxide
fromthe PCT/JP2004/013869 11 reaction zone. The
abpuesiebeindecumeneess for the production of cunene
is suitably applied to a step for produci ng cumene in
pr opgbexddadiptespepduetsirp &Ff wbhaiovie paiopyleme oxide and
Nanely, .the production of propylene oxide contains, the .
(WA AGOBEdpRY THAHARD FUTLeSS h¥dTPRETEKR1gR AP Tatged in the
cunene, hydro eroxlge by _oxi di zi.ng _cunene; epoxi datian
PEPIL S BHH RFRBYEPB, 1tBneloRige Shnd e and
CumybufbfNBloBuci AACLIAY CURY I K YA HEy cumene by
obtained In the

hydrogenolysis of cumyl alcochol obtained in the epoxidation

step or by hydrogenation subsequent to dehydration of cumyl

alcohol and recycling said cumene to the oxidation step.

Each step is explained below.

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
2007C, and the reaction pressure is usually between atmospheric
pressureand 5MPa. Intheoxidationmethodinwhichtheadditive
isused, an alkalimetal compound such as NaOH or KOH, analkaline
earth metal compound, or alkali metal carbonate such as Na;COj;
or NaHCO;, ammonia, (NH;),CO;, analkalimetal ammoniumcarbonate
or the like, is used as the alkali reagent.

The epoxidationstepispreferablyconductedin the presence

of acatalyst containing titanium-containingsilicon oxide from



10

15

20

25

BETHHI00HOLBED Wit h propyl ene in an excess anount; and
cunene produci ng step: a step of produci ng cunene by
hydr ogenol ysi s of cunyl al cohol obtained in the

epoxi dation step or by hydrogénation subsequent to
dehydration of cunyl 15 al cohol and recycling said
cunene to the oxidation step. Each step is explained
bel ow. The oxi dation of cunmene is usually conducted by

AH O-Pdias 1 2P 6‘§i@lgt@{hi?ff%gﬁfloﬁQEEﬁbnbﬂﬂdgaﬁn&HEhh:a%h yield
alr or oxygen-concentrated air.” This oxidation nmay

CHAHEGAG AR HVIaL . USAstfheéde addhlly¥es vt @dllled Ti-silica
additive such as an alkali my be used. The reaction

taaipEl vd Us ecostasnbhg yTirchedOcadly2b0h@edand shéicon oxide,
reaction pressure is usually between atnospheric

RS BieéexablevPal or examp ki a3 eh ¥tk RsaPpFedl  Fupporting
the additive _is used,_an alkali netal cqgnpound such

RhFPBPOYREY, OBn2 aF kAL FRe CIBTAST h s \YHp RERPared by
K
£ orﬁlj’ﬁ alljln_:e %ﬁﬁ? cf@%??l%%%gtégﬁcﬂfé 111\%%9% b r %E%lpltatlon

anmon

G ANRE 81 JdIE mdtfoa) §eH§§@eaéoﬁBSuﬁh§3&6nf§§ﬂfﬂ§ .Ti, and
The epoxi dation step is preferably conducted in the

pes enfiee , Ofal Bat aiygsedcont ai ning titani um cont ai ni ng
silicon oxide from PCT/ JP2004/ 013869 12 the Vi ewpoi nt

of obThoughgryapy hadecpemeideiaseld gh thelegpgoxig@tion step,
high selectivity. As _these catalysts, so-called
ma%ive & d%h‘l"é?y@%—”sd%ﬁﬁapﬁﬁglﬁi aderdal Prbm'cpurlfled

E‘gﬁ%;’ 3 CJ(.) nil:gl)élggtgﬁo%yggﬁgr ef abhes&fg.én géﬁg@ﬁﬁd igpgeferable
Sdééz&?s&%ro itim 18 &%to?rlgﬁ% ﬂ%{)‘é@%ﬁ%ﬁ%ed‘38ﬂb¢ﬁ‘é W th1lst used
silicon e a

conpound w y a coprecipl
Nt BRE dfosiatdfdn FeERAha Fee kbgsmﬁam&maﬁmmgeauces

Ti, and the |ike, can be

a catalyst activity and may cause to a serious problem such
as clogging of the reactor. As a removing method of sodium,
there may be used any method of a method of removing the whole
or a part of sodium to out of the reaction system of the steps
of the present invention bywashing, neutralization, extraction
or the like, a method of reducing a sodium concentration using
an absorbent or the like, and the like.

Considering that there may be a case in which an alkali
is used in the oxidation step and a case in which a washing
of an alkali is conducted after the oxidation step and separation
of water and oil is easy, it is preferable to conduct
water-washing before the epoxidation step from the viewpoint
of efficient collective removal of sodium.

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
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THOUGrR0eHREIEY hy dr oper oxi de used in the epoxidation

step, 10 may be a dilute or dense purified materi al

or non-purified material, that from which sodi um has

been renoved, is preferable betause sodiumis a

conmponent accunul ated on the catalyst used in the

epoxi dation step and progress of the accunul ation

reduces a catalyst activity and nay cause to a

SHOPUS B8 0D AL aUGRAde R8mpePddue And HA-dAAOIqutng the

a renoving nmethod of sodium there may be used any

niss dolei o, aarid tdus todn tf DV Nichd e thdledctaints pad pebducts.

sodiumto out of the reaction systemof the steps of

tThee psebeentimgpnbeoa bybadahiceg presentalin & igrdroperoxide

extraction or the like, a nethod of reducing a sodium .

Hheehionttobadisti- 26canexpaplsenvhsn cHBeReKBYdrAReroxide

the like. Considering that. there may be a.case.in

A7 iRt Goend WhiPReta R FAT B tetap Lufhepeof . the
' i hipg . i d .

SPpiedd G e 28070000 QLnBRATHR, o2 B SHNHEE At thout

Ydrt foebeyly haasng" &f 8babkatt,0 conduct 25

wat er - washi ng beforé the epoxidation step fromthe

vi ewprhat epoki@hatiichenempekhecirey d s esmadllyoffradiourio 200°C,

The epoxi dation is conducted by contacting propyl ene

@mdl preferaiyfoporiktde2@f £h t Abecpres yare mekbe a pressure

reaction is carried out in a liquid phase using a

ikt ienh s krepnthpepaminm mixisss 18 add@ud dheondition.
liquid under .tenperature and_ pressure during th

A gehapaly, sheBEpRREES: 75 s REFEEaSoltLy Hrdmaiap to 10.000
pgég@mts. The solvent may be a substance present in a

hydr operoxi de solution to be used. For exanple, when

CUMENEn & Ysb PRE <@t 67t ican?bBl X&vaRt Agbbusy Sedhirtthe form
is araw material thereof, the cunene can be used as
aofsalbsihvtry erafieed bedenln whishoase of a large-scale industrial
operation, a fixed bed is preferably used. In addition, the
epoxidation can be conducted by a batch-wise method, a
semi-continuous method or a continuous method.

When a liquid containing a raw material for reaction is
passed through a fixed bed, the catalyst is not contained at
all or substantially in a liquid mixture drawn out from the
reaction zone. Cumyl alcchol produced in the epoxidation is
supplied to the cumene producing step, and cumyl alcohol is
usually supplied to the cumene producing step after recovery
of propylene oxide and unreacted propylene from the reaction
mixture.

In the cumene producing step, cumene is produced by
hydrogenolysis or hydrogenation subseguent to dehydration of
cumyl alcohol, and in the production, the above-described

palladium-based catalyst is used and hydrogen having a CO
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PR PIRR04P13868ddi ng a sol vent. The epoxidation

tenperature is usually fromO to 200t, and preferably
from25 to 200'C. The pressure may be a pressure 10
sufficient to keep the reacti ol m xture in a liquid
condition. In general, the pressure is advantageously

from 100 to 10, 000 kPa. The solid catal yst can be

advant ageously used in the form of a slurry or fixed
heshcémt t4€i6ATE 0f 1ad A00LbFGAd Buhddusisédl Idumene produced
operation, a fixed bed is preferably used. In

aikli teoyclédetoephri datidatioan skepcorfitiledt bycwumene may be
bat ch-wi se nethod, a sem -continuous nethod or a

cerfeY abedi d onbhpekidgpehon steqpftesnparbf hgd Py ddstillation,
material for reaction iis. passed through a fixed bed,
tTRERLTYRSRINIORot PeoAE PRed at 20 all or

subst ant i ui d m xture _drawn
Suncton Therptladnt ldnl S HSe0naM Y LhBMIAEA 1 more
qg@gégflﬁynEk§m%?ggpbbgg Wt O t he cunene produci ng step,

and cunyl™ al coh usual |y supplied to the cunene
produci ng step after recovery of propyl ene oxide and
unreacted propylene fromthe reaction 25 mixture. In
the cunene produci ng step, EXRMBBE|I s produced by

hydr ogenol ysi s or hydrogenati on subsequent to
(ﬁ%ﬂ&ﬁ%ﬂ?%ﬂﬁoﬁxamnh?l1aﬁ§6h§ﬂam@#9ﬁlitﬂﬁa%woduction
t he apove-descrj bed, pall adi um based cat al IS use

and hYdPBhet FRPhgl S @51y okt it n of“eGth- styrene
tﬁﬁgﬁ)d@§¥§g€%§n%%u§a# d CUgeHﬁdE d%%e%8§gigs§h Examples

recycled P of s?ep

f@@h%'d%%gt&atﬂ%xpé'fd@ IRy B Bl RIHt di Rl BY dehydration

di sti'll at’i on,
of cumyl alcohol, are shown helow.

One hundred grams of a solution composed of 21.5% by weight
of @ -methyl styrene and 77.9% by weight of cumene, and 0.7
g of a supported-type catalyst, 0.05 wt% Pd/alumina as a
hydrogenationcatalyst were charged inanautoclave, and reacted
in hydrogen containing CO in amounts shown in Table 1 at 200 C
under 1.0 MPa as a gauge pressure for 30 minutes, respectively.
& -methyl styrene conversions (conversion of & -methyl
styrene into cumene by hydrogenation) and concentrations of
isopropyl cyclohexane{i-PrCH) (produced by
nuclear-hydrogenation of cumene) are respectively shown in

Table 1.
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Wi BYE0AYRIIE%0r the |ike. The present invention is
concretely explained in nore detail by Exanples

bel ow. EXAMPLE Conparative Exanple 1 and Exanples 1
to 2 10 Cunyl alcohol is easil}? converted into a
-methyl styrene wth activated alumna as a
dehydration catal yst. Exanples of hydrogenation of a
-met hyl styrene obtai ned by dehydration of cunyl
almgmdud .1, are shown bel ow. One hundred grans of a

=0

sotuttonm—conposed—of 21— 5% byTwerght— 15 of —=a=metthy
styrene and 77.9% by wei ght of | conpaeatdvd CEXamplef Bxample
supported-type catal yst, 0.05 wt % Pd/ al um na as a
hydr ogenati on catal yst were char §gampdeard aut oclave, 2

and reacted 1n hydrogen contajning CO I n anpunts
sh&@ncepcerbrationt ipdivdroggiier 1. 00MPa as| a ghuge 10
plissure faor 3Q mnutes, respectively. 20 aFnethyl
styfeld & Lons (conversiop of a-nethyl| styrene

into cunene by hydrogenation) and conceptraliaons of
isé%r%%@ﬁygy8¥gﬁéQ§ne(i-PrCH)(arodﬁc%%‘%y 782 56.2

n“%bﬁ%ﬂgn%gﬁ@tﬂﬁﬂvéﬁ,grﬂ en ) are respectively

NANAL N12020 1L MTakhl 1
shrowr—t-—Fa D4 abte

rolrJrayu ULlOo0UJIT 1J ravl © 1

Conpaial Wncaneidipl e Exanpl e 1335CO concegtsatiion ¢ 5
im Hydrogen0110 (% by vol une) a-nethyl styrijene>

99 (pp Dy6w2ight)

Comparative Example 2 and Examples 3 to 5

Examples of nuclear hydrogenation of cumene obtained by
hydrogenation of & -methyl styrene.

One hundred grams of cumene and 0.7 g of a supported -type
catalyst, 0.05 wt% Pd/alumina as a hydrogenation catalyst were
charged in an autoclave, and reacted in hydrogen containing
CO in amounts shown in Table 2 at 200 C under 1.5 MPa as a gauge
pressure for periods shown in Table 2, respectively.

Concentrations of isopropyl cyclohexane (1-PrCH) after

the reaction are respectively shown in Table 2.
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INDUSTRIAL APPLICABILITY

According to the present invention, there can be provided

a process for the production ¢f cumene, which can efficiently

convert cumyl alcohel into cumene.

In addition, this process

can be suitably applied to a cumene producing step of propylene

oxide production.
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HHAT/HR208¢/01 6Py applied to a cunene producing step of
propyl ene oxi de production. PCT/JP2004/013869 17
CLAIMS 1. A process for producing cunene by subjecting
cunyl al cohol to hydrogenol ysis or hydr ogenat i on
subsequent to 5 dehydration, which conprises using a
pal | adi um based catal yst as a catalyst for the
hydr ogenol ysi s or the hydrogenation, and using
hydr ogen having a carbon nop@¢@es concentration of 0.1
to 10 % by volune as hydrogen. 2. The process
according to claiml, wherein the 10 concentration of
carbon nonoxide is 0.5 to 5 % by volume. 3. The
pr océss Aac paodieny tfox| prodicingecasimeneheoyx usehgecténg cumyl
produced by hydrogenol ysis of cunyl alcohol. 4. The
a&@orRy o gene &ﬁhﬁlO%BYQFﬁgﬁﬁétéeﬁerﬁlbﬁ%quent to

p&%ﬁ(ﬁﬁt b% de d([éﬁté:lon Bﬁ?@g%#ﬁghﬁlyﬁiﬁ.‘ﬁ%ﬂq &t?sed catalyst

S B M TR, che AYRERLERR AL LE Wi 39 AR on. ana
i g yddy I@Jﬂ@'d‘%a@ﬂﬁf‘%o‘?ﬁﬁyﬂﬁeb@ﬁ'&%tr@tlon of 0.1

oxi di zi ng cunene; 20 epoxi dation step: a step of

ohd al ;i fgoPprepyhesecasxhgaragen.cunyl al cohol by

reacti ng cunmene hydroperoxi de obtained in the

oxi daZi orf’lze e PRRCESHIr cﬁgﬁtmililm aro extlesign adounwhezedn the
cumene productlon ste a step of producing cunene by

SRR ?@twﬁwf 2FRERBR BOPERAdE |1r$ he difosd dathhvolume.

t hyd I b
Lo Gty dPaei BHOGRES Petoritng Lhi HldaNene PROFALA the cumene
qﬁ(Bﬁééﬁbé&egy ﬁl§grogen01Y51s of cumyl alcohol.

4. The process according to claim 1, wherein the cumene
is produced by dehydrating cumyl alcohol to obtain & -methyl
styrene, subsequently hydrogenating & -methyl styrene.

5. A process 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 in an excess amount; and

cumene production step: a step of producing cumene by
subjecting cumyl alcohol obtained in the epoxidation step to
hydrogenoclysis or hydrogenation subsequent to dehydration and
recycling said cumene to the oxidation step, and

which comprises using a palladium-based catalyst as a
catalyst for hydrogenolysis or hydrogenation; and using

hydrogen having a carbon monoxide concentration of 0.1 to 10 %



WREEHP 29494 3868s usi ng a pal | adi um based catal yst as a

catal yst for hydrogenol ysis or hydrogenation; and

usi ng hydrogen having a carbon nonoxi de concentration

of 0. 1 to 10 % PCT/ JP2004/ 013859 18 by vol une as
hydrogen. 6. The process according to claim5, wherein

the concentration of carbon nonoxide is 0.5 to 5 % by
volune. 7. The process according to claimb5, wherein

the GUIBHE asi ByBkeddsed by hydrogenol ysis of cunyl

al cohol . 8. The process according to claimb5, wherein

t he céamenehei sppoodysedadyot@bygr atd ngcranw! =) ceitdrein the
to obtain a-nmethyl styrene, subsequently
hyeregehuathignacfethybost moaieeside is 0.5 to 5 % by volume.

7. The process according to claim 5, wherein the cumene
is produced by hydrogenolysis of cumyl alcohol.

8. The process according to claim 5, wherein the cumene
is produced by dehydrating cumyl alcohol to obtain @ -methyl

styrene, subsequently hydrogenating @& -methyl styrene.



