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22 February 2007 1 DESCRI PTION PROCESS FOR PRODUCI NG
CUMENE AND PROCESS FOR PROPYLENE OXI DE PRODUCTI ebruary 2007
| NCLUDI NG THE PRODUCTI ON PROCESS 5 TECHNI CAL FI

The present invention relates to a process for
produci ng cunene. Mre particularly, the present
invention relates to a 10 prbcess for efficiently
produci ng curmene from cunyl al cohol and a process for
produci ng propyl ene oxi de containing said process.
BACKGROUND ART 15 As ex?ﬁ%ﬁﬁ%ﬁ???ﬁ produci ng cunene
by subjecting cunyl alcohol to hydrogenation, nanely,
to hydrogenol ysis or dehydration-hydrogenation, it is
disclosEEOCESSfEBRefaﬁﬁﬂglNGJPEG@FEZIU®8@RQQE§S FCR
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catalyst in a hydrogenolysis step of propylene oxide
producti on. Especialhy in use of mnth t he
copper - based cat al yst, R obt ai ned under
hi gh yield since nuclear-hydrogenation of cunyl

al cppgl F%fsfeh%u'ﬁ%ntt%%s RAGEd e JYOr 898RALLOTOr2 Y roducing

the préesent i'nven ave  con ucte
cuméndy lnraspa@tlaumakugdluheb@&e@ematmnwamuxcnarelates to a

drogenatlon catal yst for odu0|n cune from
preﬁﬁw HFohef £ hﬁﬂ%’ﬁ‘:mg%"d BE ?9 aﬁ}éantsuw% alcohol
an8ORPeErbased gataly, ﬁdu&ﬁ? %Qgﬂgﬂeﬁe %ﬂm@CEbMtEanng said

coul d be obtained’in use o he” pal | adi um based
preaeabyst, there was a problemthat selectivity
mar kedl y

BACKGROUND ART

As a process for producing cumene by subjecting cumyl
alcohol 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 cymyl alcohel 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 compared to the copper-based catalyst. But, though a
high activity could be cbtained in use of the palladium-based
catalyst, there was a problem that selectivity markedly

decreased because nuclear-hydrogenation of cumyl
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decr eased because nucl ear - hydrogenati on of cunyl 22
February 2007 2 al cohol took place. DI SCLOSURE éﬁﬂ%qr

| NVENTI ON An obj ect of the present invention is %%F 2007
provi de a process 5 for producing cunene from cunyl

al cohol with a palladiumbased& catalyst as a

hydr ogenati on catal yst under high activity and

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

RiEBKbLENE 08K Paac@ntai ning the 10 process described
above. That 1S, the present invention relates to a

process for produci ng cunmene by subjecting cunyl

al cohol to hydrogenolysis or hydrogenation subsequent
to dehydration, DESCHROSURE OFc FHE JINKENTION

pal | adi um based catal yst as a catalyst for the 15

hydr 38ePbI oSt ©f thenpragepsotnyensionhg typrgvide a process
drogen havin a carbon nonoxi,de .cancentratj 0

B85 R der Do imsiie B8 CBRE APah vidl £ mAl 4 um-basea

I Qyent, o) S r '

BAEATDEL AU Pk ofeRhERoh el B PEESnap i Paf YRt ity ana

sbepstiicgation step: a step of obtaining cunmene

hydroperoxide by oxidizing cumene; epoxidation step:

a st Ppraheht andtheprapjécnecodxthe prdsentmihvaentdon is to

by reacti ng cunene hydroperoxi de obtained in the 25

provideon progess forprgiucing pronykeae oxigeogantaining the

cunene production step: a step of produéing cunene by
BEBFeEsi AgsCEPedaPPOYS - obt ai ned in the epoxidation

ste%ﬂg% 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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hydr ogenol ysi s or hydrogenati on-subsequent to

dehydration and recycling said cunene to the

oxi dation step, and which conprises 22 February %%ﬁ??nuuyZOO?
3 using a palladi umbased catal yst as a catal yst for

hydr ogenol ysi s or hydrogenati @; and usi ng hydrogen
containing 0.1 to 10 % by vol une of carbon nonoxi de

as hydrogen. 6 BEST MODE FOR CARRYI NG QUT THE

INVENTION As a method for producing cunene from cunyl

STk B Lol £
H{rﬁiiHEYP ?‘ﬁl‘e%ﬂtgrgyd&%@é?fatﬂi% CHH&'uﬂrﬁ;ﬁﬂ?hrbﬁbﬁ corbtaining

a- met contacting Wth a dehydration
0dhakysho anby RALUME S Iddiben -MGhb¥Ldet isengdirogen.
hydrogenation by contacting with a palladi um based
catal yst in the presence of hydrogen (herelnafter
sonetines referred to as "dehydration-h ga'grenatlon

and a net REST MODR Mi%RE% GcOHY T ﬂ'é'%yl

al cohol 15 with_a pall m based ¢ '
pres®fca BPtHQGrSBEEPr?% ug Pchﬂﬂ?nﬁygFB eﬁ%?¥§|%fb°h°l with

TR RPN -
cuny ameds g @gﬁéo&tﬁk ?‘b\ﬁ?ﬁir{bﬁ duliehef HSFEé]&n{Mrting cumyl

hydr ogenati n yrene. A catal yst

H3edhol Lieky dr aﬁeenyurm&wdme by contacbing wistl Awdeltydration
aci d, phosphoric acid and p-toluene sulfonic acid and
aetal ysti, cesl thieh sab jectiing admethylhetyrenetiohydrogenation
zirconia, silica-alumna and zeolites, and activated

By AeRkacting with & mﬂéaﬂrim-\ha@@% catalysts dpathe i REpsence

g%?ﬁ%ﬁ;@p@%ﬁ%b@%ﬁinafgégfeséﬁgg' es re%erred to as
"dehydration-hydrogenation®), 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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The dehydration is usually conducted by contacting

cunyl alcohol wth the dehydration catal yst,

the present invention, hydrogen may be fed toge%%Faﬂumy2007
with cunyl alcohol to 22 February 2007 4 the

dehydration catal yst to conduet the hydrogenation

subsequent to the dehydration. The reaction can be
conducted in a liquid phase using a solvent. The

sol vent should be substantially inert to reactants 5

29 Befguetga oI AQLEN (IR Bead 0 UpRLANGRLRLERRN on
proge%@‘ﬁ: U U ddbyﬁj&ﬂigﬁ”e Wi th cunene as a

I'S poOssSI e to use cunene as a substitute

Wi t hagle 3R oh T HE dohdidtedWra 1ideid phase using a
dehydration tenperature is usually 50 to 4509C,

potirenthl yTRE sbAfreint SHO11d be suhstiant el by isevtdaxeactants
advant ageously 10 to 10,000 kPa. The dehydrati on can
padpireductso fhe sodNendt Bay g aysuhgtanegt m*?%ent fpa cumyl
slurry formor fixed-bed form An anoupt <of t

ﬂéﬁ?E}P&t BBAULALR FO PRsREeHn,FPE m&ﬂamwhsﬁoﬁw% glcohol

e Sk S i o e
Eﬁgﬁﬂgegs Y Suﬁﬁﬂﬁlt'lﬁ:% f:?tﬁotﬁéd&&& %Qﬁlv‘“e%ttah.ﬁsﬁafﬂcular .

rogenatin rene t Yy pro uci ng

Qnmy&éathsnm&ﬁm@&reus: ﬁh&h}l&ty 58 to 450C, preferably
pal | adi um based catalyst 20 are used, and as the

pabl adi Bo0EAseTn o.mweiystthe;mmmerleti/@eadmaageousl?{ 10 to
such as pall adi unf al unm na, palladiumsilica and

BAI PAQi kRPeaTben d&hé'dlrlﬂﬁiéﬂl catb ith advanagrouslprepducted
fienis S 4 PG U805 Phsbae’tomm.
8”8%%5@ Nthe dehydration catalyst used may be an amount
enough to convert cumyl alcochol.

In the present invention, @ -methyl styrene obtained in
the dehydration and hydrogen are supplied to a hydrogenation
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 lsuppressing a nuclear
hydrogenation as a side reaction, the palladium concentration
which 1s 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



10

15

20

26

25 which is too low | eads to di sadvantage in reaction

rate. The concentration of palladi um supported

generally fromO0.005 to 10 % by wei ght, prefera%?Fd}mmyzoo7
0.01 to 1 % by weight. These catal yst can be used

alone or in mxture of 2 or mge. An anount of the

hydr ogenati on catal yst used may be an anount 22

February 2007 5 enough to convert a-nethyl styrene

into cumane and the conversion of a-nethyl styrene

kL5 B o, A Sl
ggggg.ncgg.%b UE A Qelh&&thyt@h% 4 (L;H% a? ol %f §6£0 ¥ _more.

by voi une € conc car
MONOMe B yidiin ualelde 1t™Y% Reck8kairieeol @s@shy @Q:beh%aving
less than 0.1 % by vol ume, a sel ectivity of cunene
anckhetion frticddse dmntcerstrayiongefadi. antef 19N % by volume,
aromatic nuclear raises as a side reaction in the
byefegabdyi On5 do mychmge&umps'mem theconceéntrabionaf carbon

when over 10 % by vol une, |S|r%']_§5|bleto agtain

mﬁggtxé&eeo gttlteaeiﬂr@fpﬁea%emay R HSEATEREaERAFNCO”) 18 less
i Vi si_gni reases.

%E O oE B Yotadne b P ef Eli ety S chlieiy markgRly decrease

l.ed gt
SR B e P 0 s he o o1ce
2eBtiodf 1nafh&tRESJeRar offor HRRU RS D9 b Bhe other
t he cunene producing ~ step has beén purded or the
haade whenndvetr 1@ bgreattmd, hitiriagdmposiditie to attain the
purging is recycled in the cunene produci ng step.

CcO
‘obdegtnef the presenty dnstentiomn hecanse thet neaction activity

produced by 20 hydrogenolysis of formc acid or a
pdo Hﬁ-@jﬁé‘l“d:ld’elqe\%ﬁqwsf ormed mainly in the

i o7 e ok gt b ) A gl e Fad matersal
or recycled hydrogen in the cumene producing step. When

recycled hydrogen is used, the valance after which a part of
an excess amount of unreacted hydrogen in the cumene producing
step has been purged or the whole amount of the unreacted hydrogen
without purging i1s 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 1is
contained inhydrogen, the nuclear hydrogenation of 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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are sinmultaneously used, a larger ratio of recycled

hydrogen containing CO |leads to becone advant aggpfshruary 2007
in hydrogen cost 25 because fresh hydrogen can be

reduced. Further, when COis contained in hydrogen,

t he nucl ear hydrogenatlon of the aromatic ring as a

side reaction in the hydrogenation or hydrogenol ysis,

i s suppressed. |sopropyl cycl ohexane, isopropyl

cycl ohexene and the |like as products in the side

LRREbH Br AR PR H ISt d P o FEPEUaRY éURéneb hydroperoxide
Inhibiter, and the oxidation rate and cunene

b;deemmmd &1 ghalfaciantlyy deicgeidsiec shieny thecreastiohemixture
the reaction mxture (mainly cunene) containing these
pmedodys cmeme heantmirslng r thiese ngrodupgtiss fﬂ-'say dihgg cumene
to the oxidation step. Accordingly, 5 when

PERONCASE PReRyLR 6@@&0&9&*:9@%eﬂmféﬁéha#an/ﬁccordingly.

RHER2EB" S ot 1S PSSt 68 £ S i¥fgrogenation/
|

BBRRERIEE NG SSPRL Winedd SEQEASTAY i TR, nuctear

a&ngh%tﬂmaﬁset@ dforidt i8N Dhi BENC BEP@UPPresdfed and
e hydrogenation/ hydrogenol ysis, when CO in hydrogen

Ither&tmﬂ'lé edltt Ds tges 9 ¥150é it motriec advhantiaigeoals liyhprogress the
pal | adi um based catalyst deteriorates, further when
owddad®iomncentrati on exceeds the above-descri bed

range, the activity decreases to 15 an i nper nl%iible

degré‘@r they neaaw m%ﬁ of8; hnibiEing Gomponent
t t

8%n%5ﬁt XFF?H sse I oqéhf Y%i?hewﬁgﬂcébenath%drogen is

gpﬁgg&%ﬂ%y&é ff&& {bnt *ﬁé‘%‘t‘i mg%ft i‘hb\@aﬁf&&ﬂﬁﬁ\-based

he conversion o unyl  al cohol Cunene
eBtanpat Ideﬂe&qccﬁ&ﬁw, PE@ELRAOwEBAP the COCY@nténtration

exceeds the above-described range, the activity decreases to

an impermissible degree in the @ -methyl styrene conversion.

Therefore, 1t 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 matérial 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 oll-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 equimolar to @ -methyl styrene theoretically, an excess
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as a raw material to the oxidation step. Though the

hydr ogenation is carried out by contacting a -r@gﬁéﬂmaryzom
styrene and hydrogen with the hydrogenati on catal yst,

a part of water generated may be separated by ,

oi |l -water 25 separation or thé& |ike or may be supplied
together with a -nethyl styrene to the hydrogenation

catal yst for carrying out the hydrogenation

subsequent to the dehydration. Though the anpbunt of

o . ( . \ :
AndLage f;%é]ig? Ihieho F‘Je&ﬁ'{:ia bReatie otfefddbRBbAbNt8 which

a- net ny y, an excess 22 February

- 20R%umé aYAtYge dDKITQSioraifed coni the aGamateatiaar,

conmponent$ whi'ch consune hydrogen are contained in

t he mava mvlenr shtidsofhydragenate o emelthyilogeyrene a the range
-methyl styrene, the range of 1 to 10 is usuallx

afiplli td Bocadssesuad lyearplded rsause the Fpapliopproceeds
increase of a partial pressure of hydrogen. T Sh%agggen. The

repidlgnwithr dncrasep oLt 8 BarthaleRTESEULRLR
Shpop CE SFERET PTPERTaRLY bR B ohhd X lRs dnblfi dfiyarogen
BYAEI RSP W e VR FheP & : ase%rrh'ﬁh afééfé'igdpﬂﬂﬁér separated

i
using a sctjal vent or gas e solvent 10 should be

4o fRbI AbAYtiHR ik Putd e iR Byl ogeadt fow bt be conducted
The sol vent nay be a substance existing in an a

1pekhyhgatiyr phesesasdnigon Bolvendsed. gas: pbasepl eThe solvent
when a-methyl styrene is a mixture with cunene as a

phoudet bei substpoddiadily daerde teutbpereastanisnapd; preducts.
of the_solvent w thout addigg a salvent in

Bher pelivant maw be, 8 9Retancs edffing IPend GoeihY} gtyrene

sRaskIRs it e sy S2amBth, YBelios inel iy styrene 1o
s+ e Wi Sidnal L8 prdalkd,088Nd pedsib1eSEo use cumene

as a substitute of the solvent without adding a solvent in
particular. Thehydrogenationtemperaturelis usually 0 to 500C,
preferably 30 to 400C, 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 continuous 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 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 o.f ¢ -methyl styrene is an exothermic reaction,
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reacti ons can be usually conducted by a conti nuous

nmet hod using 20 a catalyst in the formof a fi %?

The dehydration and hydrogenati on nay be conduc?% gﬁumy2007
usi ng separate reactors or a single 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

25 reactor requires an apparatus for renoval of heat.
then IETREE TS t RESEE atat c RS PRe tetperatingn:  The
out PHET $ Wl sRIQY BSScofids t ReghBRCTHHRh DELAUSR1ERE temperature
dehydration of cunyl al cohol “is an endothermc
becaagei bhe gedevateticheshequbahdtysisceéatrer in total.
hyd enatiqn of a-nethyl styrene i s an exotherm
rea@ﬁ\gorfe leerbrggw o ?ﬂg tpeﬁspse?‘gfeﬁrg Fi s %1e0ted S0
thit t hapeogeessadhetinenr aacti-aerhihe stQtieet doanpdro Witer the
becones hi gher than the inlet tenperature  because the ,
delgefErbiel hédt TRRNCPRFSN$SCar gefPn XeARG LoThEemperature 1s

préﬁé‘féi:?? tggger alur e andh presgsyrecpee seheeted S?}_re%sure is
that water contained 1 n an a-nethyl styrene sol ution
prafé¢eablhe lodehydrZi( ®nkPas néhecorndenseempdhaturactisofoco low

t erature is .preferaply, 150 to 300C, and the
o, SRR ISP R B uRE (0 pROTRY 201 SFo0™eh B80S RHEARRknat che
cut et t PetAbUrEHFItN0i dOW 1eadike PEESHtRYiIDHTon of the
hi gh, water may be condensed at the 10 outlet of the

renbhydraEroRE | it nas eRAterTr @t kY ok - t hEurther, when the
prgﬁélﬁ%”a{‘&e toéo”fﬁqw,d“l%e”i‘%' on 58t aéi’%édvéﬂ{{é&%us in the
en the pressuress too high, 1t is also

redcshduartjagédbsium dfe delgaitd toivrequi Wheni oheoftemperature is

dehﬁdr tion. en the tenperature is tpo high_or the b
LoBr e84BFe i t 0T oWPEFPSHES béfomd O drhdvantaglfys Pecome

dibesayseagbsusatptystséi fitnd s Shtanhanedibre howl i Sigoptened by
the |i ke caused by nuch generation of the gas phase

howling or the like caused by much generation of the gas phase

partc.

Though hydrogen can be supplied from any one of an inlet
of a dehydration reactor and an inlet of a hydrogenation
reactor, it is preferable to supply from the inlet of the
dehydration catalyst in view of the activity of the
dehydration catalyst. That is, vaporization of water produced
through dehydration is promoted by bringing into constant
existence o©of hydrogen in the dehydration zone and the
equilibrium dehydration conversion rises, therefore, high
conversion can be attained effectively compared to absence of
hvdrogen. 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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part. Though hydrogen can be supplied from any one of

an inlet of a dehydration reactor and an inlet
hydrogenation 20 reactor, it is preferable to 5%%% ;umy2007
fromthe inlet of the dehydration catalyst in view of

the activity of the dehydrati®n catalyst. That is,

vapori zation of water produced through dehydration is
pronoted by bringing into constant existence of

hydrogen in the dehydrati on zone and the 25

ﬁﬁg%hbgwdﬂgégg@@ﬁg%hggggﬂlﬁ¥ﬁé%@Hﬁgﬁ%ﬁfﬁfﬁﬂSaﬁﬂ%recycled

conversion C eTattal ne ely conpar ed

hetabsgage 19lquildy Hepaarat idioUgher@t fongenerated in the
dehydration is passed through the hydrogenation

cat aFysttheirmdre pastsithe timepefathe gaskddiqudst separation
W t hout particularly setting up an apparatus for 30
opecatiomvik is pessibbedtebseparayecyetrari agneratpd in the

evel. not condensing water. 22 February 2007 9
aehyAzetion SHeRdhe fercidon FLKNEZRydr BRRES % thapbtalned

BhpbRePRoFExcdre nstiity, olernd ‘P He £p8TeR 1S Eng reactor

gggrﬁgggn, it is possible to separate water generated
n the 5 dehydration fromthe reaction m xture. A

part censtildrabidirtom &CALdwPoint G icostRitheyaéhyapation and
can be recycled to the reactor for use. .Considering

hydrogenaddpa catellystst arehprd€bydbdy packed in one reactor

hydrogenati on catal ysts are preferably packed in one
hauinga plerabity@iLixed bedspuwinet Laf ptysabityafireactors.

(e TR, PE A oS 5h e bBRI% S LolpRRb e beds or
ﬁgégtﬂﬁehstﬂg:ﬂgﬁggéﬁ(Egﬁhofrﬁhggf¥96§£h9nthe dehydration
catalyst and hydrogenation catalyst may be directly contacted
each other 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
hydrogenolysls, 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, 1s used, it is possible
to efficiently carry out 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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catal yst and hydrogenation catalyst may be directly
contacted each other or those nay be partitione |

an inert packing. 15 A case of which production %?ﬁ@hﬂmyZOU?
cunmene from cunyl al cohol is conducted by

hydr ogenol ysis, is explained B8l ow. The hydrogenol ysis

is a reaction for obtaining cunene by subjecting

cunmyl al cohol obtained in the epoxidation step to

hydr ogenol ysis, and is a reaction in which dehydration

@P%&Q#&xﬁ&%‘ﬂ@faeﬂ ARRAH eP Y1 %ng%l%het heh$@H8 s similar

ogeno ySIsS IS carried out by contacti ng

Eb%aﬂhfs@&)h.naﬂ% HparFdgsiatiél, dLabadysiom Ahd bame reason
catal yst, though the above-described pall adi um based

ast dbgetribedd dbwve hydr ogenation of a-nethyl styrene,
is used, it is possible 25 to efficiently carr% out
0

hydr Shehydrogenglysiagan beef ficlantdysartiadeysdnaliquid

et LSS SRt 20, & S S M fanctany

RapEin o, sl S dthile, hq PHbaGodr BKET 809363ty b o
QHBQ’Ehﬂ%eCQREE‘EEEQEiH% gﬁmg»ll 180h81788Yu¥ 2bH %o HU"bQQd For

I's simlar use |nt e hydrogenation, is used

biamplec WP cuf@idlcdtfoles @nbetutdaieh Aittene as a product,
hydr ogenol ysis can be efficiently carried out in a
LitgiisdpbEspbiec tosiuse uEneems A sbatitwte southie hgolvent
substantially inert to the reactants afd products.
Wﬂrﬂéh@@rtvéﬂﬂirm)/ HEglvenhsinReartdeydaly in a cunyl

o) Cofhoueh § i hlo%%ﬁeg a4 B¥rpany 5640 Rpg .1 the FpRson may
ggséhphﬁo aﬁ.%o%os.l.UbSJﬂ téﬂ@?é’é é:ﬁ@uﬁf’l JE€Yydrogen

soI vent I'm particu
is required because other components which consume hydrogen,

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 1is
usually 50 to 450C, preferably 150 to 300C. 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 liquid or gas containing a raw material for reaction
is passed through a f£ixed bed, the catalyst 1s not contained

at all or substantially in a 1iquid mixture drawn out from the
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Though the anmount of hydrogen required in the reaction
may be equinolar to cunyl al cohol, an excess angyp&numy2007
of hydrogen is required because other conponents
whi ch consunme hydrogen, are contained in the raw
material. Further, the nolar d&tio 15 of hydrogen to
cunyl alcohol is usually from1l to 10 because the
reacti on proceeds rapidly by renoving water generated
a gas phase through increase of the gas phase

to
B%EEtiEBezB%Q.O is further preferably from1 to 5.
The excess anount of hydrogen remained after the

r eaciiheN abby el AesRAMB T piidcis s €02’ #hedp20dubedohhef cumene
reaction m xture. The hydrogenol ysis tenperature is

- dsusli yably tapplaGik topa aftepbby mSeducl 9 Gumdne dopitopylene

the pressure is advantageously 100 to 10,000 kPa. The
pyrdds| productdem@asmdent eredsPglewsri ed out using a

catalyst in the form of slurry or a_fixed d. 25 The
e NP L 1he GHRARTLLOR, OF BEPER 16N, SRR, Gontalns the
?8 .bgagbjg%%%%'nethod or continuous nethod. Wen a

or gas

Cqul containing a raw material for reaction

IS Qﬁéﬁ&i&;ts cegﬁb gré isalﬁi%hﬁd,oﬂm&é'dﬁﬁeﬁé Bfdroperoxide

cont ai ned antially inaliquid mxture

aaaugingihgpmuﬁahé%Z February 2007 11 reaction zone.
The above-descri bed process for the production of

cunempoxidatsion sllep agpisitepy o6 abtadpihgr ppeplrdenegoxide and
cumene in propylene oxide production as nentioned

pumy abeaed By repctingqeunenn hdperpyeshde shtained in the

CRURLS! ool S SLERS. 1681 bR Rh o Bncint, Shna

CUNtifmene producing step: a step of producing cumene by
hydrogenolysis of cumyl alcohol 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 frqm 50 to
200C, and the reaction pressure is usually between atmospheric
pressureand5MPa. Intheoxidationmethodinwhichtheadditive
isused, analkalimetal compound such as NaOH or KOH, an alkaline
earth metal compound, or alkali metal carbonate such as Na,CO;
orNaHCO;,ammonia,(NEQ;CO;,analkalimetalammmniumcarbonaté
or the like, 1s used as the alkall reagent.

The epoxidation step is preferably conductedin the presence

of acatalyst containing titanium-containing silicon oxide from
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epoxi dation step: a step of obtaining propyl ene oxide

and 10 cunyl al cohol by reacting cunmene hydropegpxi
obtained in the oxidation step with propyl ene i%fgﬁgﬁmy2007

excess anount; and cunene producing step: a step of
produci ng cunene by hydrogendRysis of cunyl al coho
obtai ned in the epoxidation step or by hydrogenation
subsequent to dehydration of cunyl 15 al cohol and
recycling said cunene to the oxidation step. Each

ihgpv:i%w?é& EE' Qﬁd o%eéaq\ﬁitngdj' ?X%ﬁéﬂé’ rb:?:{d& uﬁ‘ﬁ&gri ﬁigh vield

dsual nduct'ed by "au on using an

Qii)i@ﬁibt?@@léi:ﬂh.%tga}s SAERhaseddt#lysts, so-calledTi-silica
oxygen-concentrated air. This oxidation may be

candlyised 2onwaindiig Ude denticalily thorededntio agllicon oxide,
additive such as an alkali nay be used. The reaction
aremrefierable. uFmt eyampde, FOcasalystprepated iy supporting
reaction pressure is usually between atnpospheric

Br €ds GORPAYRG; QPR §ili¢R CATERSF ondnEikadYst Brepared by

the.addi tiv is used al Li_ metal .c ound suc
LORRIRng & T - SmpSERR A THE s tegh pRhaE TP Bttt cat 1on
(o t

RREARISE 45X GorcfbRRRN, el Tk Yantatpno 14, ane
¢ABLIARELE can Whe Jliidwdl s used as the alkali reagent.

The epoxidation step is preferably conducted in the

pr es @homghotumenat Ay fdedbpepokiide ugediimheneporidatiog step,
silicon oxide from 22 February 2007 12 the vi ewpoi nt

mayobeaianididuteopn dlanasiprriftied magaripd @r aem-purified
h selectivity. As these catal ysts, so-cal

meferiady that EFpaothich seRionAT beREA oY dnd R erable
e B Bt o, o BrBhERE AlbmyE8 o A M cApeprot vaee
T Mie A BRSSP LRpRIGASE G ihe SEBIMMAN fouTketuces
a catalyst activity and may cause to a seriocus 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
1s 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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nmet hod or sol gel nethod, zeolite conpounds contai ning

Ti, and the like, can be |isted. Though cunene

hydr oper oxi de used in the epoxidation step, 10 22Fd%umy2007
a dilute or dense purified material or non- purlfled
material, that from which soditdm has been renoved, is
preferable because sodiumis a conponent accunulated

on the catalyst used in the epoxidation step and

progress of the accunul ation reduces a catal yst

s8hbulidl YeaNd giAA Qfiher Kempérataré Ahdbpeessutie Hurdng the
cl ogging of the reactor. As a renoving nethod of

redrciron,t badesubptbetiedd yadnendt hodreactantshaddoproducts.
renoving the whole or a part of sodiumto out of the

Fhac sodivedts may die thsubapancefprageptedbng hydaiopesipxide
RLABIO3 PeBRcPABTa” SERF (HXSERLEn  YAPR GHEMEPR Sy dtendroxiae
2052 RERLuLL §1Fh ! ddifend UhidiE 1d K° ralPHALER1RI9rhlghos, the

ere nay I'n mhlc 'S uSe
Bindfkl Yans R WKl 3aé33§esﬁ15‘sf\53tﬁﬁeaoﬁa§h 'ng.vlet $1lthout
al kal'i is conducted after the oxidation step and

papgiculailyfaditiiry &ingo¥ents easy, it is preferable

to conduct 25 water-washing before the epoxidation

st ep Thveo repidxd da telgroi temperatife clenusvelilycErom 0 to 200T,
renoval of sodium The epoxi atlon i s conducted by

eeﬁtwi?@a‘wﬁpﬁn%@a\w 2 lh?@mﬁ?éw;@ aey\,m it Pressure
BHBEa Entota Kakp, °¥'?%§t;mi#g Srbha diglsgofndieion.

15, AR O] A8 5 <o 0,00

kpactants and products. The solvent may be a
subst ance present ina hydroperoxide solution to be
used Thieosodidnphealylencan ee advatittapsous ey used in the form

of a slurry or £ixed bed. In the case 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 maferial for reaction 1is
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 alcohol 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 1is produced by
hydrogenolysis or hydrogenation subsegquent 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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5is a mxture with cunmene which is a raw materi al

thereof, the cunene can be used as a substitut ezﬁﬁelﬂualyzom
solvent without particularly adding a solvent.

epoxi dation tenperature is usually fromO to 200 C,

and preferably from25 to 2003% The pressure may be a
pressure 10 sufficient to ke the reaction m xture
inaliquid condition. In general, the pressure is

advant ageously from 100 to 10,000 kPa. The solid

catal yst can be advantageously used in the form of a

sbncep taatiionedf ifed. torla hoy¥odunk bs umegh- sCumene produced

industrial 15 operation, a fixed bed is preferably
hsetecyrladdito dhe oridakionsten- cEHrBBGEGn&HE‘FBG gipy be

EBRTPBBLLS Tt BALOMRdomos FPR AT b R ALRs BY SlpELiiat on,
?ﬁ%g?—?) ‘lﬁmg{ Sl K § e Passed through a fixed bed,
a

tontarned at 20 all or
subst ant "fﬂé bfe@e%ﬂ m%ﬁtmt ¥ S avet y% pa i 1n more

reaction zone. Cunyl al cohol produced in t

aae&u_g[abFomdamplwmemno t he cunmene producing step,
and cu al cohol is usually supplied to the cunene

produ0|ng step after recovery of propyl ene oxide and
unreacted propylene fromthe reaction 25 mxture. In
t he currene produci ng step, EXMRRE i s produced by

h dro SI Sﬂ?'{‘,q}l‘%df ﬁ%%o ”bsﬁqﬁg p: gducti on,

e #ﬁ& 1S5 Lo QY UERURSRUE 418 ik tyrene
withe BE’t@.UaQ:@dOfallei]nJ gl G YAy dPAEIBn | Eati&ePst. Examples
Cunmene produced is recycled to the oxidation step.
bfrhy@rogehaenonndf Oemethyl styrene obtained by dehydration
of cumyl alcohol, are shown below.

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 in an autoclave, andreacted
in hydrogen containing CO in amounts shown in Table 1 at 200 T
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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recycled to the oxidation step after purified by
distillation, water-washing or the like. 5 The 22 February 2007
present invention is concretely explained in noré

detail by Exanpl es bel ow. EXAMPLE Conparative Exanple

1 and Exanples 1 to 2 10 Cunyl _al cohol is easily

converted into a-nethyl styreﬂé W th activated

al um na as a dehydration catal yst. Exanples of
hydrogenation of a -nethyl styrene obtai ned by

dehydration of cunyl alcohol, are shown bel ow. One
hpaBLad1gr ans of a sol ution conposed of 21.5% by

wWerght— 15 of a-methyl Styreng and 77. 9% by wei gnt  pi1
cdumene, and 0.7 g of a suppor|tGempapativeqBxample pExample
wt % Pd/ al um na as a hydrogendti on catal yst| were

charqed in an autoclave and_rledéxamplenihydroden 2
co a|n|n CO.in anou shomn in Taple 1 gt 200 " C 1

u P°P°(9 qg'a TRAESSure for 30 ni nut €s, 0
o ﬁin%gg?g I s e

Hygr_ qﬁﬂ?t concentratifons yofgg |9sopropyb 56.2
cycl ne(l- (produced hy nuclear-hydrogenat on

NJ

fcdhwgfgaoﬂge(gesgeﬁbugﬁ&y shown in Tablg 1. 25 2

(0

February 2007 —15 tTabte—tComparative Exanpgte Exanple
Bxbrgar@H lcdn@entfataonentratign in 2§8lrogen 0L 50 (% < 5
b

y vol une)
{ppm by weight)

£

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 T under 1.5 MPa as a gauge
pressure for periods shown in Table 2, respectively.

Concentrations of isopropyl cyclohexane (i-PrCH) after

the reaction are respectively shown in Table 2.



a-methyl styrene > 99.9 79.2 56.2 conversions (% by

wei ght) i-PrCH concentration 285 <5 <5 (ppmb

wei ght) Conparative Exanple 2 and Exanples 3t %2February2007
Exanpl es of nucl ear hydrogenati on of cunene obt ai ned

by 5 hydrogenati on of a-net h)ih styrene. One hundred

grans of cunene and 0.7 g of & supported -type

catalyst, 0.05 w* Pd/alunmi na as a hydrogenation

catal yst were charged in an autoclave, and reacted in
hydrogen containing CO in anounts shown in Table 2 at
Zable 2nder 1.5 MPa as a gauge 10 pressure for

peri ods shown in Table|2, respectivlely. Congentratiops
bf i sopropyl cycl ohexanGO{“PEF’PGFI)’eafﬁ’éﬁ'mPl-ﬁ Ex@at;t%nﬂxample
are respectively shown B Table 2. |22 Febru 24007 5
6 Tahlp 2 Chnnarativp E: §ﬁﬂp&eF anpl e xnnnlp

ncentr tionijn 0,0,1 1
E?‘g ﬁg?g/rétio& dmne) | React |ﬁon tine 3?) J30 30 6(} 10
(i8¢ sé i -PrCH concent ration 0.25 (0. t6 0.04 0.004
(ppm by vvei ght) | NDUSTRI AL APPLI CABI LI TY Acg¢ording tp
t e Bye&amhmbr)ventl on,|there can be provided 5 a
rocess for the produciTom of CUMENE, Wil cijcan
cRéactionl yime - 30 30 30 60
{minute)
i-PrCH concentration 0.25 0.46 0.04 0.004
(ppm by weight)

INDUSTRIAL APPLICABILITY

According to the present invention, there can be provided
a process for the production of cumene, which can efficiently
convert cumyl alcohol into cumene. In addition, this process
can be suitably applied to a cumene producing step of propylene

oxlde production.
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convert cunyl alcohol into cunene. In addition, this

process can be suitably applied to a cunene pro j 2007
step of propylene oxide production. 22 Februaryggggggmy

17 CLAIM5 1. A process for produci ng cunene by

subj ecting cunyl alcohol to B¥drogenol ysis or

hydr ogenati on subsequent to 5 dehydration, which
conprises using a palladium based catalyst as a
catal yst for the hydrogenolysis or the hydrogenation,
and using hydrogen having e&ﬁgh on nonoxi de
concentration of 0.1 to 10 y vol une as hydrogen.
2. The process according to claiml1l, wherein the 10
concentration of carbon nonoxide is 0.5 to 5 % by

vol ume.a 3prdbessI €o8s privaufdihd dctfefbaby subjereing cumyl
the cunene is produced by hydrogenol ysis of cunyl
allcoholl. %o ﬁbﬂqugnn&iy%hmoouuhydrpgﬂzmhign wwhssiguent to

the cunene is produced by dehydrating cung al cohq
fdehydration .- wbﬂ.ﬁ;u compriges Alng @bgghg,g Jagp- based catalyst

g)ég%%%enau n'g eﬁégﬁ%@g é%g%}ﬁligoq,gr (fge'géyflﬁggenation and
g% %Whﬂag§§ Bsh%ﬁéhgaé Qgrﬁéﬁpmoﬁoﬁiﬁg angghikgkﬁgn of 0.1

ero y-oxidi'zing c

%go&bdgtyywﬁgfq??ehgt 15aPdgeRt ai ni ng propyl ene oxide

and cunyl by reactlng cunmene hydroper oxi de

obt aizned Thia t beocessdaaicedrdiniy Witoh pladw ede i wharein the
excess anmount; and cunene production step a step of
pnn¢eutnytinnuufkgarhmuummnaxgdeuhyl0a50¢hoﬁ abmauvaiume-
in the epoxidation step to 25 hydro enolysis o

hydr Gge BFoRAER ARIATING HY g%n aﬁ@herein the cumene

is produced by hydrogenolysis 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 inlan excess amount; and

cumene production step: a step of producing cumene by
subjec¢ting cumyl alcohol obtained in the epoxidation step to
hydrogenolysis or hydrogenation subsequent to dehydration and
recycling said cumene tc 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 %




recycling said cunene to the oxidation step, and which
conpri ses using a palladiumbased catal yst as a

catal yst for hydrogenol ysis or hydrogenati on; an%ZFd““mV2°°7
usi ng hydrogen having a carbon nonoxi de concentration

of 0.1 to 10 % 22 February 2007 18 by vol une as

hydrogen. 6. The process accod8ing to claim5, wherein

the concentration of carbon nonoxide is 0.5 to 5 % by
volume. 7. The process according to claim5, wherein

the cunene 5 is produced by hydrogenol ysis of cunyl

S.aal s according to claimb5, wherein
?kgglgﬁ'gr?eaﬁ Isiﬁrpdr}:g) ced by dehydrating cunyl al cohol

to oly.ai wna NprbessSt Woerddisigsedueceliladm 5, wherein the
hydr ogenati ng a- net hyl styrene. ‘
concentration of carbon monoxide is 0.5 to 5 % by volume.
7. The process according to claim 5, wherein the cumene
is produced by hydrogenolysls of cumyl alcohol.
8. The process according to claim 5, wherein the cumene
is produced by dehydrating cumyl alcchol to obtain & -methyl

styrene, subsequently hydrogenating <& -methyl styrene.



