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6 March 2007 1 DESCRI PTI ON PROCESS FOR PRODUCI NG
CUMENE 5 TECHNI CAL FI ELD The present invention
relates to a process for producing cunene. More
particularly, the present invention relates to a
process for produci ng cunene, which can efficiently
produce cunene at |ow cost. 10 BACKGROUND ART There
is publicly known a process for produci ng cunene by
dehydrating cunyl al coholpegcrierpogsence of a
dehydration catalyst to convert into a-nethyl
styrene, subsequently 15 hydrogenating a-nethyl
styrene in the presence of a ‘hydrogenation catal yst
to convert into ERASKES( FOR FROPYICING EMMENGN

Chem cal News, Volume 74, Nunmber 1947, 5-11, March
2001). However, the publicly known process could not

b | i of i : . f
of i clont 20 ploduct; orPETALER T 0h o5t
DlschﬁﬁyEE:QF ﬁﬁﬁﬂJ@ﬂ%ﬁ%éﬁ%éﬁgi Q§F%FP5§EQQ%'@Brnéroducing

to provi process |C|e ucrn

FundVé COMore? pahdiRh.arll g»e Eh%sﬁﬂbs'eﬁ\teﬁlhkraﬁt&@namates to
to a process for the production of cunene, which

D bcees POLMIEGdFcLheNndrie®Mwhdldly lcadl effdkiendly produce
hydrogen with a dehydration catal yst and a
eareayre redt | ow ceesit yst, wherein the dehydration

catal yst and hydrogenation catalyst are alternately

packed so as to form 6 March 2007

BACKGROUND ART

6 March 2007

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

production of cumene at low cost.

DISCLOSURE OF THE INVENTION

The present inventionistoprovideaprocess forefficiently
producing cumene at low cost.

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

hydrogenation catalyst are alternately packed so as to form
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2 n layers (nis an integer of 3 or nore) or are
packed as a mxture thereof in a reactor. BEST MOOE
FOR CARRYI NG OUT THE I NVENTION 5 In the present March 2007
i nvention, production of a-nethyl styrene through
dehydration of cunyl al cohol and production of cunene
t hrough hydrogenation of said @a-nethyl styrene are
conducted in one reactor. In other words, cunene is
produced from cunyl al cohol via a-nethyl styrene.
n Thayg&Ry ditat + 9n s H4ER% | 6h f%r%oﬁ%?? ﬁtj—y i 7S RaCked as a

mﬂ;{@%é §ﬂ¥£§8ﬁeﬁﬂda“@é25t5?r°u9h dehydration of cunyl

I'co presence of the dehydration catal yst.
As the dehydration catalyst, there are |listed netal

oxi des suc (Y d al um ] i a, 7] '

and 15 o PEST. SEbR Bo By, dor, L plhre
pref enr edef LM AHEWDOI & 51 OF, CBEBHMBEibhf &f o-methyl styrene
selectivity and the |iKke. The' hydrogenation is a

theeeghodehydrasaver dingcumit atopead Bpdsappduaigon of cumene

t?ﬁggﬁﬂy%'gen %ﬁ%ﬁﬁ%ﬁh“ﬁf % ?ﬁéreby %%?h ?%gé%gkﬁﬁﬁleonduCtEd

iAa- ﬁﬁéhybastpreneInA@uﬂartwmhﬁgemﬁmaneczﬁe@ysducad from cumyl

catalést containjng a_ nmetal of Goup 10 or 11 of the
aperhod E1FaBreebnYEn8tEF8REnts, can be listed, and,

specihibCabditydPhekoh . Al hadiupe PhAt i Ao R SAPRY into a-
are |isted. :% fromviewoints of suppression of 25

mﬁubybastMy?F@genui|wiFQ¢ shravghatesydragiend M ggumyl alcohol
furth
14 Ehe presente 4T BRY AeRRaEARLePEEL IO, o

Coppet- bgsed @ahgliyatsoni nehudeysoppetheRaneyreoppésted metal

ooBpT - SPFCa S oFPB AL nip Wit idye Citania * Efrconia and

gilica-alumina, and activated alumina 1is preferred from
viewpoints of catalyst life, selectivity and the like.

The hydrogenation is a reaction for converting into
cumene by supplying o-methyl styrene and water obtained by
dehydration in the hydrogenation catalyst thereby
hydrogenating c-methyl styrene.

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

copper-chromium-zine, copper-silica, copper-alumina and the
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i ncl ude pal |l adi umalum na, palladiumsilica, 6 March 2007
pal | adi um carbon and the like. In the present

i nvention, a fixed bed reactor3is usually used. 5 The
dehydration and hydrogenati on can be respectively

conducted in a liquid phase using a solvent. The

sol vent should be substantially inert to reactants

QQQCeor@&ﬁélerﬁebéﬁdeB&taﬂ?&Eg in&ib&bﬁ 8 16 ud-A%hmina,
in a solution to be used. For exanpl e, en cunyl

qidlqmiiums-s’:nmdaurpamaammneaebaﬁ angr ¢thectlikiet. 10

is possible to use cunene as a substitute w thout

addi rip atlteolprergent dnpanticul aa fAxedt bed veeftior is usually
solvents, there can be |isted al kanes (e.g. octane,

desesthe, dodecane), nnno cyclic aromatic conpound (e.q.
benzene, ethyl benzene, the lik

5 The
f oat P8 ocietm%r@m%t%ﬂ Pg,gg;%,)ﬁe 19Poca e Tespectively

T
Ak Bg%ag%h)éq]rl@t hHBrtC%éﬂ' t &s M PIVHRUELY The solvent

cata yst are alternately packed in a reactor so as to

ybéalsittarde £6ntdih88agad s6ludioh b€ hsed) Fyr example,
packed as a m xture thereof in a reactor. Preferable

eviizod icumytls afllehedl isr @ mdxtobeowd thThomealeydsati ppoduct, it
catal yst and hydrogenation catal yst are alternately
gacresis Hhle toiuasicBRane &gt SPPSE1iutegHidhont aﬁﬂ}es@ solvent
n |s an [ t%ﬁ of 3 or nore). Wien the dehydration
d hydrogenatlon catal yst are alternately

paﬁgegtﬁgr a9sdLuil o&ﬁvéﬂf rg’ c%[n Y 84 stbd S1kanes (e.g.

advant ageous conpared to
octane,decane,dodecane),mono cyclicaromaticcompound(e g.

benzene, ethylbenzene, toluene) and the like.

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

Preferable embodiments thereof are as follows:

The dehydration catalyst and hydrogenation catalyst are
alternately packed in a fixed bed reactor so as to formn layers
(n is an integer of 3 or more). When the dehydration catalyst
and hydrogenation catalyst are alternately packed so as to form
layers of 3 or more, 1t is advantageous compared to two layers
in points described below.

As a reactor used, though there are an adiabatic reactor

and isothermal reactor, the adiabatic reactor is preferred
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iﬂ poi nts described below As a reactor used, though

there are an adi abatic reactor and isothernal

reactor, the adiabatic reactor,is preferred 6 NhrchDAmchzOO?
2007 4 because the isothermal®reactor requires an

equi pnent for heat renoval. In a case of the

adi abatic reactor, the tenperature |lowers wth

progress of the reaction because the dehydration of

Gedsusd! €880k sbshaimandpshet ot cré@attésran ayhipmernth&or heat
ot her 5 hand, since the hydrogenation of a-nethyl
steynosnd . Srala caset bér the adhababhe reactenmpetheutemperature
rises wwth progress of the reaction. The outl et

floweasawdith progresshdhthet reacthen parausechberdeydration
because_t he gener ated heat i s, larger

tit [
06 GHTY10R 1 FORRE 16,00 SHEPtRSERLAGToBELARe FHB: O the other

BLCOSIBIAEN 52 - SICHPLI CoE P SEPIUEL S on

r [ [ 0 t d
ae%%‘?t%e% f' eziét L cgf, %@tgﬁn éf@f@rérfi?é‘gpﬁﬂfﬁ progress of

Verse e erature difference

RelevegBct 1loaW txﬁ@%h&%ﬂ:eteﬁ\Fbramd_:@ Becofi@ehiges than the
part becones 15 very large, tor this reason, the rate

dhlddhyemperaturedsdicause thegyenatatéé Hheat geapti byurelarger
part or a side reaction beyond the purpose is
dacdlodadt.ed by rapid rise of the tenperature at the

O S e iaehleth S5 S T6 PlgBgHefion as an
R SRR AEEE B AL by At roction
S0 0o B ORE LORME, ABRBLE oIS heno ore
PPt At éPEfébEst that ayres tpapkiragure difference
between a low temperature part and high temperature part becomes
very large, for this reason, the rate of dehydration reaction
lowers at the low temperature part or a side reaction beyond
the purpose i1s accelerated by rapid rise of the temperature
at the high temperature part.

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

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

of the reactor, and 6 layers packing of a dehydration catalyst,

hydrogenation catalyst, dehydration catalyst, hydrogenation
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packing of a dehydration catalyst, hydrogenation gparch2007
catal yst, dehydration catalyst and hydrogenati on

catalyst in this order fromthe inlet of the reactor

and 6 layers packing of a dehydration catalyst,

hydr ogenati on catal yst, dehydration catal yst,

hydrogenation 6 March 2007 5 catal yst, dehydrati on

crital st AmdHpatatgesidatia lsaitalaydt hiydrogenatdiodetatalyst in
fromthe inlet of the reactor, but are not restricted
tfhdrsebondeThEromitherimiet o thgereactoms bufrafemai yeghricted
even nunber 5 of 4 or nore because the dehydration
ddeqigfst- as the inlet Iayer and the hydrogenatlon

catal yst as the flnal r are usuall pr erre | t
i s nbie fREken g 18 Bpgapre eTpbdy; ¢B gvgn number

el e B RS 4 MO o7
]a%d‘:@hal §&§o%§ﬁa§i%l 84 aﬁygt' és'ﬁ'x@rﬁfﬁﬁ@a@e&hﬁke usually

ose are Furt IS not necessary t

piefgreia.pant als b frfé’vlﬁﬁary sthdve, dghydr 6hee8 are
catal yst, and another catal yst nay be packed for a

prespess: iofe ot laepluhamidtghqﬂ ryemn off themiehglivatdon ¢dtalyst
Furthernore, it is not necessary that the catal yst

S s hyfdrqmiwrw/ec%%ygt ar aldqofvar¥ees dmd nempective

amounts can be arpjtrarjl cted n
GREAhIREs e VLI | OT . h5 PURERLAPIR Lhat those are
\I%ﬁ;ﬁﬁ_\é%r, as anot her enbodi ment there is a nethod in

a‘m xed catal yst of the dehydrati on catal yst 20

and JyEFRgeNaki i sehakkslsary Bk eHelihIat $26E O tHdireactor
this method, “since the dehydration as an endot hermc

deathe mwﬁfdmmy&dtaggmt | @ind ahotheaxoalhalyst may be packed
rfiicgl %r&r%roese of other than dehydration of cumyl alcohol.
Furthermore, it is not necessary that the catalyst amounts of
respective layers are equivalent, and the amounis can be
arbitrarily selected depending on properties of dehydration
and hydrogenation. MoreoVer, as another embodiment, there is
a method in which a mixed catalyst of the dehydration catalyst
and hydrogenation catalyst is packed in a reactor.

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

The dehydration catalyst and the hydrogenation catalyst in

the mixed catalyst are not necessarily uniform in mixed ratio

over the whole reactor, and the mixed ratic can be properly
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apparently conducted in parallel, the tenperature
distribution inside the reactor is nore snoothed, dykarch 2007
conmparison with the 25 two-|ayer packing, leading to
reducti on of the above-described adverse effect. The
dehydration catal yst and the hydrogenation catal yst in

the m xed catal yst are not necessarily uniformin

m xed ratio over the whole reactor, and the m xed

sallee te@ depenaaney by pripecinid@0df thealaiydration catalyst
dependi ng on properties of the dehydration catal yst

and tthe hydrogeErettion ceatdldwst. Further, in the

present invention, in addition to |layers of_the

dehyRirzthen, cin dhetprererhanvenbiehatiBraddthiorto layers
AR ENEERLC I VE T i RO It
ST AN A e T 5= FEt nGP- St vy ene, and the

Conﬁ?%fﬂ?’ga Bar%?’tg%{é r%%gg%%#&ﬁétMR@aEél{rgﬁ to be packed

reac nore. Simlarly, the

HQl ¥heAFdELd nidie bdyal ogRea@ht 0O8oCehatysumyd Bdcohol is
packed in the reactor nay be an anount so that a

sEriy1 esityiye oriveestdd | tneot &y-medingel tekiyiene, and the
cunene, and the conversion of a-nethyl styrene_in the
woolversdion [ ramybraleokekf thabhe Bho4er ofpithe Fsactor is

T T 57, S T B R S o e
ti t { ' f 0

SR At 393 it 10508, g vo o

WheRinithSo teRal iao-rlné?i‘ffrs%tylire%é $s SUFFIOVEOF1Y Benverted into

reaction pressure | oo higher, water may be 20
RGeS e dnlde atlien g ohredetion ofatd emebhylhetpeefier imnthe whole

?:ff ttrlllee reactor 1is preferably 98% or more.

The reaction temperature and pressure are selected so that
water in the solution is not condensed. The reaction temperature
1s preferably 150 to 300C, and the reaction pressure is
preferably 100 to 2000kPa. When the reaction temperature is
too low or the reaction pressure is too higher, water may be
condensed leading to deterioration of the performance of the
hydrogenation catalyst. Further, when the pressure is too high,
it is also disadvantageous in the reaction equilibrium of
dehydration. When the temperature is too high or the pressure
is too low, it may become disadvantageous because the catalyst
life is shortened by fouling or the like caused by much
generation of the gas phase part.

In the present invention, the operation range of the reaction

temperature and reaction pressure is wide because the

temperature distribution inside the reactor is more smoothed
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hydrogenation catalyst. Further, when the pressure is

too high, it is also dlsadvantageous in the reacti@parch 2007
equi l'i briumof dehydration. Wien the tenperature is

too high or the pressure is too low, it nay becone

di sadvant ageous because the catalyst 25 life is

shortened by fouling or the like caused by nuch

generation of the gas phase part. In the present

i nvention, the operation range of the reaction

CH@ATRAL (e ARG r E¥Or iGN B eBagkinfs WHETBECRRse Fhe Present

RIS S Ur e di gk 'obUta{cPsPaﬁtDa?g![é’c?ué herfBACt @hd S dBYRe-described
snoot hed 6 March 2007 7 conpared to the two-|ayer

vxﬁaﬂ@x@p therefore, the present invention is also

f h b d
theag}q%§%38¥ﬁ%§ﬂ téﬁvgg Ve € g%étﬁ re éﬁ?ﬁﬁgrqerlde from o-

meb HYEL hyt v séyé enﬁoff@kampaapl g;roﬂﬁaduehl of of ArdMesf o-methyl
of a-nmethyl styrene) can be suppressed since the

STOREENL 1EAT RS OF URPREPRGR SSPgPoree Fare iaaition @ «-methyl
séy%éﬁgnfﬂlkﬁglf@g@%df1égﬁhﬂéogoﬁgro§ﬂ98t@b%@roﬁﬂrgadltlon to

tenperature di stribution. Hydrogen can be supplied
sMamﬂhzmg'mﬁ tiimd et empératrere 19i senthboriand inl ets of

h f bl
tsugﬂ%gfg %?cheé)rpnl%eet d’%{lﬁﬂ%&g‘ a:iftFé’:mS ?‘ﬁre Ier:e\ i§180s of the

T&RROkT zahaorhroieﬁ@t@f preduepdrbhensghotdeysdiatisy) iand it is
pronmoted by brin into anytinme existence of
PRl eRfere | ROt HEPP §h FoR itdie Zoveetanaf t BBeeggArtpri-umThat is,

éﬁ%%%%é%i&% &Ny gEg%tEF%QHEégfzgtlqgﬁﬁég%?dfgél n 1s promoted

onversionh can npar e
bﬁbsbﬁtﬁgbﬁghydmm@enaﬂyummﬁlwexestgmaerabéd hydﬂmgen in the

\%&%%gt ér?ntzlq?%epggggl bt-rlrézljtr %M@%ﬂ gggyggrlaglon conversion
rises, therefore, high conversion can be attained effectively
compared to absence of hydrogen.

Though water generated in the dehydration 1is passed
through the hydrogenation catalyst, it 1is possible to operate
at low cost without particularly setting up an apparatus for
water removal as described above, by operating at the level
not condensing water.

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

It ig further preferably 1 to 5. Hydrogen in an excess amount



10

15

20

25

at low cost without particularly setting up an

apparatus for 20 water renoval as descri bed above, gﬁﬁmch2007
operating at the level not cqpdensing water. The

anmount of hydrogen required in the reaction nmay be

equi nol ar to a-nmethyl styrene produced by the

dehydration, but the excess anmount of hydrogen is

usual ly required because 25 ot her conponents consum ng
etradged arftecorthe nechd i drhe caw berateryaled Famd hesed after
the nolar ratio of hydrogen to a-nethyl styrene of 1
separateddomme dte areact e onivhyrehe reaction

proceeds faster with rising of a partial pressure_ of .
hydr dg¥énproresssof HheneFepreE ke Rt 100 ¢ SPTRfRrahdy applied

e 3r a8E¥AZA 108 bep, B REQTARARALLARLFEEP OF @ PEéhuction
?%%%re%tsegg TR RS A 0 JbLt ]{Sin%hﬁhgr 98?.§.%w9.fng steps:
€ present “invention 1s preferably appl1éd 0 a

dehygk fdd efon { SPe N th BAE R W JU UL ELEP Qiméhe hydroperoxide
production 5 process of propyl ene oxide containing

blpe okddioMintg cinkfifs; oxi dation step: a step of

obt ai ni ng cunene hydr oper oxi de by oxidi zi ng cunene;
epodématidat boremteap steeptep offt abhahgipgopybprdeoei dwide and
and _cunyl al cohol by reacting cunene hydroperoxi de
semyinatcehol hy rfecaimaawaﬁngt@tﬂwnww%%@féined in the

d dr gt i t ep: t bt ai ni - et hyl st
B ARy by RO bot ai ned 11 the
aehy A _
e N A e e R R S b R G

aeﬁga%awnrgléuhydr@ysaﬁbi%@éi@emmmébﬁbﬁaaa&&o&mtep in
presence of a
the presence of a dehydration catalyst:

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

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

The oxidation step 1s a step for obtaining cumene
hydroperoxide by oxidizing cumene. The oxidation of cumene
is usually conducted by auto-oxidation using an
oxygen-containing gas such as air or oxygen-concentrated air.
This oxidation may be conducted without use of an additive,
and an additive such as an alkali may be used.

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

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

earth metal compound, or alkali metal carbonate such as Na,CO;
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hydr ogenati on catal yst; and recycling step: recycling

cunene obtained in the hydrogenation step to the gwarch2007

oxi dation step. The oxidation step is a step for

obt ai ni ng cunene 20 hydroperoxi de by oxidi zi ng cunene.

The oxidation of cunene is usually conducted by

aut o- oxi dati on using an oxygeh-containing gas such

as. air or oxygen-concentrated air. This oxidation

may be conducted w thout use of an additive, and an
orddglidy e SHELAS anpatkabd, My bgiKsened? ThEmonium carbonate

reaction tenperature s usually from50 to 200cC, and
or ther @dkki, Ofispuesduie tise usikalliy reetyemen at nospheric

pressure and 5 MPa. In the oxidation method in which .

t he HHfdigrord dag ionsaler ahs ad kel §P nittalcRiGipdad Psgellene oxide

Na or , K an_al kaline earth tal conmpound, ar, .. :
2 LT et AFORa} bBNarE A ToR e R a0y, pained in
tﬂy-gyaagggonagggﬁi@itﬁr%¥g§y3g%e_an al kal i mretal anmmoni um
carbonate or the like, i's used as the alkali reagent.
The repox dataitelystep rtatalgsep fosntairaing ng ipeapyimenentaining
oxide and cunyl al cohol by reacting cunene o
s @BpErdLrde 256t BFAEBTRL € 5P ¥R B8 daEPR18FepinPPRaining the

obg.re%%mv%ne'réﬁu& 9%}18|e¥.s’thigglat a{é/f' a gntl%i | nge%thivity. As

X d
I'tani um<<ont al ni ng Si I n oxide, are pr% era

tHd@M theaYi-8¥R0i Nfo ofal0kiai Aingiihea obieflyte Peddelining Ti
under high yield and high selectivity. As these

cleatizdaydtys bosdedatkbediTiesn | oxiadleatadey strs fegnbdeni n§oTFi example,
10 chem cally bonded to silicon oxide, are preferable.

2 FERERkURD| @FeP2TESt Y sEUPPEERIE By ShpgiAdgda 9 @ silica
AU A TS SRR U S0 Shun e
siARIeCi pkidd | F net kedrecipotagidn MeehBEd or sol gel method,
zeolite compounds containing Ti, and the like, can be listed.

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

The epoxidation is conducted by contacting propylene and
cumene hydroperoxide with the catalyst. The reaction is carried
out in a ligquid phase using a solvent. The solvent should be
liquid under a temperature and pressure in the reaction, and
substantially inert to reactants and products. The sclvent may
be a substance present in a hydroperoxide solution to be used.
For example, when cumene hydroperoxide is a mixture with cumene
which 18 a raw material thereof, the cumene can be used as a

substitute of a solvent without particularly adding a solvent.

Additicnally, mono-cyclic aromatic compounds (e.qg.
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zeolite conpounds containing Ti, and the |ike, can be
l'isted. 15 Cunene hydroperoxi de used as a raw naterd pdarch 2007
in the epoxidation step may ES a dilute or dense

purified material or non-puri¥ied material. The

epoxi dation is conducted by contacting propyl ene and

cunene hydroperoxide with the catal yst. The reaction

is carried 20 out in a liquid phase using a solvent.

Hag 29levetlo ity 0 HELdiabbzanEer o2thedRehabitbbe®ne ),
pressure in the reaction, and substantially inert to

AAXGinwH {eard pordine,s detanesodvdeicams) ané &he like, can be
substance present in a hydroperoxide solution to be

Udeted Be weapl esolthemtsunene hydroperoxide is a

m xture wth cunene 25 which is a raw materi al

t her d8fe apmxidmEHen chompRr AEREe adSusuabdy fHeR §f te 200T,
sol vent _wi thout particul arl y-.add] a sol vent .

AAG PF%ﬁ%FP?,er%‘Er)RJ'-‘ &pcte on'G ma?‘#'ﬁg EHRFBIRRMEY RP sgpressure
Var. 007 e e

SRSt s PER A rebfs BRom RUEE PR B 10 conattdon.
‘i?\dﬁgﬁgﬂalan@hbhﬁrhsﬁﬁrecig Rvahitayeduaiyugebw 100 to 10000
sol vents. The epoOxidation tenperature is Usually from

@piaq 200t, 5 and preferably from25 to 2000C. The

pressure nmay be a pressure sufficient to keep the

r eactWhsm ai solild catalystuisi usedli ditoks uged Forethe reaction
the pressure is advantageously from 100 to 10000 _ kPa.

ickhe foam of amlynry or FixedPed, |Lh fResassi of felarge-scale
t] 10 in the f fixed o

(SN g S et ol 2L BB Vi b GRS ubl. 1n

Ligsad %&P'E%é”éﬁﬁﬂfﬁﬁ%nﬂ§e%q§'bef¥BH$

) uffed B¢ a batch-wise
epoxi dati‘on can be conduct e y a batch-w se et hod,

het®Ya,C AN tddmoliso®l Nsh I mét oAt bpuaUEoRRLAGdUs method.

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

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

before-mentioned.

EXAMPLE
Catalysts described below was used in Comparative Example

1 and Example 1:
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The nolar ratio of propylene to cunene hydroperoxide

15 supplied to the epoxidation step, is preferably

to 50/1. Wen the ratio is 2/1 or nore, the ¢ Mhreh 2007
efficiency is good because the reaction rate does not
decrease, on the other hand, when the ratio is 50/1

or less, large energy in recyélling is not required

because the anount of propylene to be recycl ed does

20 not becone bigger. The dehydrati on and

hy dr@enaid-on . Skepsvat 84 S ERRi P! (p1ARiaiiBeRy a- net hyl
styrene by dehydrating cunyl al cohol obtained in the
epoxiwtatican $t.6poaAdmslbsequent |y obtai ni ng cunene by

hydr o enatin% it, respectively, as the 25
bef §id-adeifti Sried. OEXARPLA L wHtng v V§&d&fPbed bel ow

was used i.n parative Exanple 1 and Exanple 1: 6
Mar &h ' %ggggng?% A:. activated al um na

Conplélreeli haedxaRp 04ULT {Tb ST B5Pakkcabal yst B

0.0Smﬁ@Pd/alun?na (pulverfggd product: 0.5-0.85m) 5
Conpreatdare 1Ipsanpl ef 13gTwbi tlayes gpdokiatg)laViee eatlakhst catalyst
A of 3mthick as a first layer_and the catal yst

; B of
B 195 rth-hi BRI 8BcondSPETRT heVeT patREd PIEET edpt gy reacter
ha%\ﬁlgﬂgar?niﬁrpékerdgé Ierof')f44 ggg aﬁg'n%lgfoigstt lﬂyeér aélgd second

secC |ayer were heated to

1dyespesbiyelnbataad Qol JHb wor gak liderd,m pebpedfively, and 0.1
hydrogen and 1.6 g/ minute of a cunene solution having
normednyl 1 sgcomioiutsoneénthyatricgenof a3 % by swiighite upfle@ cumene

a pressure of 1.4 MPa-G_ were sinultaneouysly fed to ,
sq%ﬁglon having a cumyl alcohol concentration” of 23 % by weight

under a pressure of 1.4 MPa-G, were simultaneocugly fed to the
reactor, continucusly. After the reacticn of 109 hours, a cumyl
alcohol conversion was 99.8% and a selectivity of a cumene dimer
(hydrogenated product of an a-methyl styrene dimer) was 0.9%.

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

The catalyst B of 0.1 m-thick as a first layer, the catalyst
A of 0.2 m-thick as a gecond layer, the catalyst B of 0.4 m-thick
as a third layer, the catalyst A of 0.4 m-thick as a fourth
layer, the catalyst B of 0.4 m-thick as a fifth layer, the
catalyst A of 2.4 m-thick as a sixth layer and the catalyst B of
0.4 m-thick as a geventh layer (catalyst A: 3 m-thick in total,
catalyst B: 1.3 m-thick in total) were packed in a reactor having
an inner diameter of 4mm@. The first and second layers, the
third to fifth layers, and the sixth and seventh layers were
heated to 180°C, 200°C and 230°C, regpectively, and 0.1 normal

liter/minute of hydrogen and 1.6 g/minute of a cumene solution
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reactor, continuously. After the reaction of 109

hours, a cunyl alcohol conversion was 99.8% and a g narch 2007
selectivity of a cunene diner 15 (hydrogenated product

of an a-nethyl styrene diner) was 0.9% Further, a
concentration of a-nethyl styrene in cunene obt ai ned

was | ess than 0.01 % by wei ght? Exanple 1 (Milti-Iayer

packi ng) The catalyst B of 0.1 mthick as a first

| ayer, the catalyst .20 A of 0.2 mthj c}é3 secon ¢ under a
h’ctw@r 2 tFameht af §RlteB 5PReSRE TRtk rd”elg
prle%\é%rre the aatgpysd, Awele0. 4 miltthinebuasya ﬂ‘eQ‘LIr tb the reactor,

| ayer, the catalyst B of 0.4 mthick as a fifth |aye
carftd nueasalyst REERT 2the nFeRfekonsCh SExPWayer® o iyl alcokol
c LA y\ﬁs Bsof 92 0. i dn i higelf 88 i i 6QVRH Na | @¥RENe dimer was

catalyst A 3 mthick in total, 25 catalyst B: 1.3
O@%.hick in total) were packed in a reactor having an

I nneg ter, 0 T ir 1] NaydA%EIeS, in  cumene

t he L%]:rctidlﬁ'{](;eto fi F?ﬁ a@%?%eog cf%thg g?ﬁﬁﬁpag%d sevent h
oltayieresl werse lebeatbant 0. ABOC, b20GEsdtd 230C,

respectively, and 0.1 normal liter/mnnute of hydrogen

and 1.6 g/mnute of a cunene solution 30 6 March 2007

12 havi ng a curryl ANDUSIRIAGN APRLAIGABDRIDY 23 % by

[ der ssure of 4 G : ;
E%&f@l eofil %Vet’heaf:ggcgp, contt'lgﬁuo%ﬁsy?nt invention,

thﬁﬁeﬁrcirhﬁ)é eged e Dfa §frduaisss far q:quucalngOMIfectively cumene

conversi on was 99. 9% and a selectivity of a cu
2t he¥ RREC- 5 Gr2ohdiiHer COF GRTGRRT AkTRFER o be suitably

%ﬂﬁeécmﬂo Yriereibh §ENBAGpy Dhia@idadanas | ess than
01 % by wei ght. | NDUSTRI AL APPLI CABI LI TY 10 As

descri bed above, according to the present invention,
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there can be provided a process for producing

effectively cunene at low cost. In addition, the gnarch2007
present process can be suitably applied to production

of propyl ene oxide. 6 NMarch 2007 13 CLAIMS 1. A

process for the production of cunene, which conprises
produci ng cunmene from cunyl akéohol and hydrogen 5

with a dehydration catal yst and a hydrogenati on

catal yst, wherein the dehydration catal yst and

hydr ogenati on cat al yst arecQPFEFnately packed so as

to formn layers (nis an integer of 3 or nore) or

are packed as a mixture thereof in a reactor. 2. The

prodess dEcaxbersso £oni nthe wheedugtike ©F cumene, which

hy.d ' I hyd ' I
oI R R DY ERIT LD AR % ryarosen

yers (n'TS
with eger dehydZa@riomdr ehtadystheapdocgsshypdesgehagid® catalyst,
claim1, wherein the dehydration catalgst and

Wherdigyehhei oReREdBRy PN ar@ trdloi@ld 484 1Bvdragsparion catalyst

add &8 rn gk e TN E PEIREESS0 25E 0L AT REriOnChal@rd, MNEMLIdh integer
nis an even nunber of 4 or nore. 5. Thé process

ofaccordimarelo af e Ipackhet eis 4 eixdehydtherent in a reactor.
cata| yst j.s activated alum na. 20 6, The _process .
accdtdi ngﬂf% cﬁ)]é?(ﬁr?%soraﬁ?oﬁﬁépgi ngPhe(ﬁaé'HS/d ati giperein  the
deddtdatsion S aghtyayed al wHda. HyddbGePEOLESS catalyst  are
according to claim1, wherein the hydrogenation .
aldamEafaly sPacked afgsescdM SR h ol ¥eeef OF 1& Gap fpeger of
the Periodic Table. 25 8. The process
33%%§#£%©'t0 claim?7, wherein the netal
3. The processg according to claim 1, wherein the

dehydration catalyst and hydrogenation catalyst are packed as
a mixture thereof.

4, The process according to claim 2, wherein n is an
even number of 4 or more.

5. The process according to c¢laim 1, wherein the
dehydration catalyst i1s activated alumina.

6. The procegs according to claim 2 or 4, wherein the
dehydration catalyst is activated alumina.

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

8. The process according to c¢laim 7, wherein the metal
is palladium.

9. The process according te claim 2 or 4, wherein the
hydrogenation catalyst 1is a catalyst containing a metal of

Group 10 or 11 of the Periodic Table.



is palladium 9. The process according to claim2 or

4, wherein the hydrogenation catalyst is a catalysdnarch 2007
containing a metal of Goup 10 or 11 of the Periojicarc
Table. 6 March 2007 14 10. The process according to

claim9, wherein the nmetal 1is palladium 11. A

process for producing propyl edé oxi de, which

conprises the followi ng steps: 5 oxidation step: a

step of obtaining cunene hydroperoxide, by oxidizing

cuntil: GRS BEPFBRO PEEOTRLEth rC Lbkn: 1 nnereiR the metal

idr £nexi de and cunyl al cohol by reacting cunmene
hydr oper oxi de obtained in the oxidation step with _
propyl enéd 1prdekgdr afpon pregucanst eproPydiera nigtgide, which

a-nef hyl styrene, by. dehydrating cunyl al coho
c?ﬂﬁ%ﬁ?%% ?%gtﬁ%f% %&?%a%gg%gétep in the presence of a
5 dehyskpdaiogakakpst a yukmwoenabvbeaiatiay: cunsirep lofdroperoxide
obtaj nj ng cunene by hydrogenating a-nmethyl styrene in
b¥ He iR e EME CYReRE’ 15 hydrogenation catal yst; and

recyghl oSt £on é@@??lEngt%BU%?edyyé¥ﬂ¥%§iﬂk&ﬂﬁiene oxide and

hydrogenation step to the oxidation step,” wherein the
cutehy dahtolonl ang  treechydgogemenico ystuaps roxd deheobtained in the
accor di m1l. 20 12. A process for

°%§§§f§$%gsﬁﬁ%pv+Qﬁéég%ﬁggénﬁhich conpri ses the
10 followhpgrst £9s: spspdabi efept oF: obtstiedmf obiaimingstyrene by
déﬁ?@iﬁli%grSQSQEXE%%oﬁ% (g%égf%g] fgngﬂg;epoxidation step in
the presence of a dehydration catalyst;
hydrogenation step: a step of obtaining cumene by
hydrogenating «-methyl styrene in the presence of a
15 hydrogenation catalyst; and
recyeling step: recycling cumene obtained in the
hvdrogenation step to the oxidation step, wherein the
dehydration and the hydrogenation steps are the process
according to claim 1.
20 12. 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
25 cumyl alcohol by reacting cumene hydroperoxide obtained in the
oxidation step with propylene;
dehydration step: a step of obtaining o-methyl styrene by

dehydrating cumyl alcohol obtaining in the epoxidation step in

the presence of a dehydration catalyst;




epoxi dation step: a step of obtaining propyl ene oxide

and 25 cunyl al cohol by reacting cunene hydropero&gﬁﬁhch2007

obtained in the oxidation step with propyl ene;

dehydration step: a step of obtaining a-nethyl styrene

by dehydrating cunyl alcohol obtaining in the

epoxi dation step in the preséhce of a dehydration

catalyst; 6 March 2007 15 hydrogenati on step: a step

of abtaining cumene by hydrogenating_a-nethyl styrene

in thElmRIaseeDt 8CCRydr SgerftiRn ¢ht aPy5p ndRg cumene by
h dA NG5 P hREHGN NOsEYRRRE OPIRI NgGhd N [hegePce of a

5&§%¥%genaﬁ? n §%ep t thesogggatlon st ep, mhe?%in t he
hyﬂﬂqghmﬁ&imnewmt&lmshydam@enation steps are the

pro%%%&affﬁgrdg%%ﬁf’CE%E?E i%& 4'cumene obtained in the
hydrogenation step to the oxidation step, wherein the
dehydration and the hydrogenation steps are the process

according to claim 2 or 4.



