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2 March 2007 1 DESCRI PTION PROCESS FOR PRODUCI NG
PROPYLENE OXIDE 5 TECHNI CAL FlI ELD The present 2 March 2007
invention relates to a process for producing

propyl ene oxi de. BACKGROUND ART 10 Though a process in

whi ch propyl ene can be converted into propyl ene oxide

usi ng cunmene hydroper oxi de obtai ned from cunene as an
oxygen carrier, and cunene can be used repeatedly, is

di scl osed in Czechosl ovak| CS140743 and
JP2001-270880 A, it is .ﬁESFﬁ?%?EhF in industrial
operation 15 fromthe viewpoint of productivity.

DI SCLOSURE OF THE | NVENTI ON An obj ect of the invention
is to provi EBOQEE?OEQESPﬁ@PUCENGdJEBPﬁ@’LEMp?PféP@ in
whi ch propylene is converted into 20 propylene oxide
usi ng cunmene hydroper oxi de obtained from cunene as an
oxygen carrier, the curBoENT@ALODEFIBE®d repeatedly,
and further oxidation can be_efficiently carried. out

t herdby W& SR abt e ot 871 EFEALRY pPodudd oy Eme Producing

pro¥hdendNaiBlys . the present invention relates to a
process for 25 produci ng propyl ene oxi de, which

conprises the following steps: oxidation step: a step
of obtai ning cunmene hydroperoxi de by oxidizing
cunene; epoxi dation st GACKGRIBID ;ARDDt ai ni ng

propyl ene oxi de and 30‘§$, | al cohol by reactin ted into

cun@%@ﬂ?&‘d@o&&%ﬁ%ﬁe Obt ]nr%bl RIPR¥ESSE M e 20077V ST '
propylene oxide using cumene hydroperoxide c¢btained from
cumene as an oxygen carrier, and cumene can be used
repeatedly, is disclosed in Czechecslovakia patent CS140743 and
JP2001-270880 A, 1t 1g insufficient in industrial operation

from the viewpoint of productivity.

DISCLOSURE QF THE INVENTION

An object of the invention is to provide a process for
producing propylene in which propylene 1is converted into
propylene oxide using cumene hydroperoxide obtained from
cumene as an oxygen carrier, the cumene can be used
repeatedly, and further oxidation can be efficiently carried
out thereby being able to efficiently produce propylene oxide.

Namely, the present invention relates tc 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 cbtaining propylene oxide and

cumyl alccohol by reacting cumene hydroperoxide cbtained in the
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2 oxidation step with propylene; and converting step:

a step of converting cunyl alcohol obtained in theparch 2007
epoxi dation step into cunmene and recycling said cunmene

to the oxidation step, 5 wherein a concentration of

met hyl benzyl alcohol in a Iiquid containing cunene

recycled to the oxidation step, is 1% by weight or

| ess.. BEST MODE FOR_CARRYI NG OQUT THE | NVENTI ON 10 The
o??‘agtiitéﬁnsﬁéﬁpi Y LS RAPRBYCRDE &AM ng cunene

hyd de b di Th dat
et TR bt Foe G EHEPST ByP SaFbLBR A bR AehRy obtained
aﬂﬂo&(ﬂ&%@%@%? 2%+ S C%uﬂt%g%'t Enerrecyc}glng said cumene

oxygen-c air. i's oxl 'on ma

cepdugted Wibhqh g%%ﬂﬁ an additive, and an additive
such 15 as an alkali may be used. The reaction

t enpahaingih hscascentyationobHiletAy2080zyladlicdbhel in a liquid
reaction pressure is usually between atnospheric
peestaisiagdBndvRaretyciled toxthatoxdnlatdtdosten, iwhl thy weight
the additive is used, an alkali netal conpound such as
NABHLBFSKOH, an al kal i ne earth netal conpound, or

al kali metal 20 carbonate such as Na2CO3 or NaHCG,

ammoni a, (NH4) 2C03, an al kali netal ammoni um-

carbonat e @pdagudikGron %Mrﬁgréﬁ%%ﬁﬁ' ENVERFIBN -

The epOX|dat|on step’is a ste taining propylene

oXi denaNGh:GUWBH i GO0 DY &€3EbhNPofURBRBining cumene
hydr operoxi de 25 obtained in the oxidation step with

phpdyrbpaeoxiie bpoocttdt z Ding stiegernes. Mhef exallbyion of cumene is
conducted in the presence of an epoxidation catalyst,
pagpatyy randucked Byyatteortbdathgp using an oxygen-containing
tltanlun}contalnln silicon oxide fron1the Vi ewpo

0925 GBS AN Prfp PREFE T T I teff g Tyi ERds ‘?félléatlon may
hiag ér%l?(%éé{lsszﬁhout use of an additive, and an additive such

as an alkali may be used. The reaction temperature is usually
from 50 to 200°C, 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,C0O; or NaHCO,, ammonia, {(NH.).CO;, an alkali
metal ammonium carbonate or the like, is used as an alkali
reagent.

The epoxidation step is a step for obtaining propylene
oxide and cumyl alcchol by reacting cumene hydroperoxide
obtained in the oxidation step with propylene. The epoxidation
step is preferably conducted in the presence of an epoxidation
catalyst, particularly a catalyst containing
titanium-containing silicon oxide from the viewpoint of

obtainingpropylene oxideunderhighyieldandhighselectivity.
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2 March 2007 3 As the catalyst, so-called Ti-silica
catalysts containing Ti chemcally bonded to silicpRy,.cn 2007
oxide, are preferable. For example, a catalyst

prepared by supporting a Ti conmpound on a silica

carrier, a catalyst prepared by conbining a Ti

conpound with 5 silicon oxide by a co-precipitation

nmet hod or sol gel nethod, zeolite conpounds

canttdimigat diystandatmalidd Ticagi becd icat@lys iy mortaining Ti
hydr oper oxi de used as _a raw material in the

ePosniael o bongied g ibécandrtifie aFe BEREETHMLY-i efor example,

5 e Lo DR B b g o SRR B & st
WgEeDEE 062, 0L e SR ALY Sty JURLBELT 210! Sompouna it

SOl ¥EBbn SHRM BPe LbUPir-dciRdead driehRehdldube 888 Jel method,
pressure during the reaction, and substantially inert

t £ 6 BRCE afbmpasld P rasiicd Bnidd Tihe anel vaet 10Ry , bead be listed.
subst ance present in a hydroperoxide solution to be

used. Foumexanpydrophenxddremnseldy drsopen®wW deateésigl in the

m xture with cunmene which is a raw nmateri al thereof

terextdabhencaheBe M8 dPAS £isMbst iTudenste P material

W t hout gat%Lc Iarlé adiing a solvent. 20 The
PoxFART PRt &ffePatGFéSs usually from 0 to 2000 C

and pi‘ﬁfaeé@é’%%.’d.g%?mlzjﬁst (o] ﬁ%a-r %&ﬁ?&&@iﬂ@%?@pﬁene and

pressure Icrent to keep action mxture I'n a

| &gk fle CRPEFEhBROxi HB GQREr akhet BAtRANGSTUr €ThE reaction is
advant ageously from 100 to 10,000 kPa. 25 The
epaxt dadl | oat can Beladuant pheses lug ingnducteddrarst ng The solvent
catalyst in the formof a slurry or fixed bed. In the

ctheubd be ligugs yadpr # ddmperaturp &gt popregsuarReduring the

bed i s preferabl
reactign, and s&%stantially inert to reactants and products.

The solvent may be a substance present in a hydroperoxide
solution to be used. For example, when cumene hydroperoxide
is a mixture with cumene which is a raw material thereof, the
cumene can be used as a substitute of a solvent without
particularly adding a solvent.

The epoxidation temperature is usually from 0 to 200T,
and preferably from 25 to 200C. The pressure may be a pressure
sufficient to keep the reaction mixture in a liquid condition.
In general, the pressure is advantageously from 100 to 10,000
kPa.

The epoxidation can be advantageously conducted using a
catalyst in the form of a slurry or fixed 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
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used. In addition, the epoxidation can be conducted by

a batch-w se nethod, a sem -continuous nethod or a

conti nuous 2 March 2007 4 nethod. Wen a liquid 2 March 2007
containing a raw material for Feaction is passed

through a fixed bed, the catalyst is not contained at

all or substantially in a liquid m xture drawn out

fromthe 5 reaction zone. The conversion step is a

step of converting cunyl alcohol obtained in the
eRoxh&dat i on into cunene and recycling the cunmene to

the oxidation step as a rawmaterial. As anethod for

converhkeAga ChAuh dakb-eahaliniiM € Wi that I Ofreaction is
first dehydrating cunyl 10 al cohol to obtain a-nethyl

sy eeé Bmdotbkna hijtreddrad | ntha catelnyt B4 yrenedmtained at
convert into cunene, and a nethod of subjecting cunyl
AEtbher $ebsyartgandlydnsat diduddcmiyteeey gimawn mut from the
cunene, can be illustrated. From vi ewpoi nts of

HRAFVEe™ FPP&-and yield, a conbination of the

dehyd [ .and_15 hyd t t '
e Shah T AN 5o R SCTERR BeBaypaconon
R L RS gt s SR A8 s e cumene

ptetRe abli@dt0 GEPRE Pl PEARHaRE 10X O8s ARl NRIE Y drerting
epoxi dation from cunyl al cohol before the dehydration

sty 1 20 datorh tihéovcempoenta ofe thiztidap i figrét glehydtalt big cumyl
propyl ene oxide. As a separation nmethod, distillation
e bised ot adat Af yBethyddstrene defydherikydrogenating «
i ncl udes aci ds such sul fyric acid, phosphoric acid

S TY bl TEFESUE FOnFOPMERd AMFo MAmAnG L & iathed of
PG T LobBT, & kWi e ot g convert
into cumene, can be illustrated. From viewpoints of catalyst
life and yield, a combination of the dehydration step and
hydrogenation step is preferably carried out.

A case in which the conversion step is composed of the
dehydration step and hydrogenation step, is explained below.

It is preferable to separate propylene oxide obtained by
the epoxidation from cumyl alcohol before the dehydration step
from the viewpoint of obtaining high yield of propylene oxide.

As a separation method, distillation can be used.

A catalyst used in the 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
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preferable fromviewoints of separation fromthe

reaction mxture, catalyst life, selectivity, etc.

The dehydration is usually conducted by contacting 2 March 2007
cunmyl alcohol with the dehydration catalyst, but, in

the present 2 March 2007 5 inwvention, hydrogen may be

also fed to the catal yst to conduct hydrogenation

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

sol vent should be substantially inert 5 to reactants

anflyBhRGUAL Sny e G20l VERL dBYa f, A sybelance present

in a cunyl "a sol ution to be used. For exanple,

Wegs eHEMhys@l ¢ehelonducdd Mydrfehiiof UBPSedieft to the
product, it is possible to use cunene as a substitute
withpdtaaddnng Bheate@ation cyadd evnductBiin a 1iquid phase
dehydration tenperature is usually 50 to 450, 10

pueiegabl golgente 30DNE. sphAvestabhould peessbsdantially inert
advant ageously 10 to 10, 000 kPa. The dehydration can

bk & f prosidile e Bhe Bp Lysintgnay bstasyestpacg present
slurry formor fixed-pbed form_ The hydrogenation ste

T bR P S TR RS bhrned - B Rapiyile vhen cumyl
a5 ELAYY P4V GG QRIS Rlhe %%hxdé\@&aeg#, 0 ¢ 1% Possible
hydr ogenati on catalyst to hyg}ogenate - et nyl

styrese 8ddenbohs' acwﬂsrt&%%ﬂrﬁa&@ea@&m%tAOBolvent in

step. Though the hydrogenati on catal yst i ncludes

ceant ysttSarconTias: Aehg da artdioal t @hpé&¥ @tiprd Q saisddl DF 50he 4507,
Periodic Table, 20 and specifically, nickel,
per ¢ ferahly gi5at i mdAPdnd Ioopperl . pheiradissmmy isadyentageously
are preferable fromyviewoints of suppression of
hAF8dehHALRP 3 Thrsleh tonrag Yayhadepupdy cepducted
opper catalys opper,, ney. c er :

?o%p@g chr %mcﬂﬁ]aigggpé'%/ & Fe B ppfgcfl?"& 5o g9 hed form.

The hydrogenation step is a step for converting into cumene
by supplying ¢ -methyl styrene obtained by the dehydration to
a hydrogenation catalyst to hydrogenate ¢ -methyl styrene and

for recycling cumene to the oxidation step.

Though the hydrogenation catalyst includes catalysts
containing a metal of Group 10 or 11 of the Periodic Table,
and specifically, nickel, palladium, platinum and copper,
palladium or copper are preferable from viewpoints of
suppression of hydrogenation of the aromatic ring and high
yield. As a copper catalyst, copper, Raney copper,
copper/chromium, copper/zinc, copper/chromium/zinc,
copper/silica, copper/alumina and the like are listed. As a
palladium catalyst, palladium/alumina, palladium/silica,
palladium/carbon and the like are listed. These catalysts can

be used alone or in combination of two or more.
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25 copper/silica, copper/alumna and the |like are

listed. As a palladiumcatalyst, palladiunalum nag nfarch 2007
pal |l adium silica, palladium 6arbon and the |ike are

| isted. These catal ysts can be used alone or in

conbi nation of two or nore. G 2 March 2007 Though the

hydr ogenation is usually carried out by contacting

- et hyl d hyd ith th I
T A R R T R

[ (AP 1
SPHEEEHRR Bhe IS SYRET I Bl (HRRIRE Cratyst,
& g%tlkwloxsﬁ:)’lreeﬂﬁo%t 8PUla 8EPY M d P dted Oird e dehydration may
hydr ogenati on catal yst for carrying out the
hydrogeapitea bgubstquantrt eeplacaddlydreat itdre Titoeigbr may be
t he anount of hydrogen required in the reaction may
beipplied| Begebhar- withy X -gtefrlenk, shyrereegsthnptnsephrating
hydrogen 10 is required_ because ot her conponents

Vi Bheduiinaenitdrayeatal ¥pE ARIUARTTY éBECHTHERe Py drRgenation
terial tio of hyd t
Sihimrcent bnotnd B8rRisEtisR 1 (o 10 Ve usual 1y
| i ti , i:dl i \
b oEfoBEH R At BE L A SO SR F AP Inlipdbction may

e geuli ol BT o PhkekablyyEehe , San B e®CoRSUARINhydrogen
of hydrogen remained after the reaction can be al so

riec welpdiadd drecsepsr attdekr commoniae: tree atitiiodn costuree hydrogen,
The hydrogenati on can be conducted in a |liquid phase
wiegisuablyenonbaipad phatbe Ty s@tesiital .nust be
substantially inert to the reactants anqﬁproducts. T

20 SohD @O HAT T 1 SAUSTARRE APt M ¥ laf EAERBPnyF he Tange
chér/r;][egcr I:(Flnl.'ls't. Il?Snuatt )geanéjéfgédl:lgé?%éggp‘:ﬁe %Sgtion proceeds

yrene IS ure w cunene as

RrGAuety ith SIRASHA & & PEetIWIE R esBhrd VPR dYdRn. The
of the solvent w thout adding a solvent in

peddd & ikarur tier py-dfegandlyl Dot ENTheadkies s amosnadl dF h§drogen
té;éggﬁééaftarthereactioncanbealsorecycledafterseparated
from the reaction mixture. The hydrogenation can be conducted
in a liquid phase using a solvent or gas phase. The solvent
must be substantially inert to the reactants and products. The
solvent may be a substance existing in an & -methyl styrene
solution to be used. For example, when ¢-methyl styrene is
a mixture with cumene as a product, it is possible to use cumene
as a substitute of the solvent without adding a solvent in

particular. ThehydrogenationtemperatureisusuallyOto 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
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25 preferably 30 to 400'C. In usual, the pressure is

advant ageously 100 to 10,000 kPa. As nodes of the 2 March 2007
dehydration and hydrogenati on, these reactions can B%
usual |y conducted by a continugus nethod using a

catalyst in the formof a fix-bed. The dehydration and

2 March 2007 7 hydrogenati on may be conducted using
separate reactors or a single reactor. As a reactor

used in the continuous nethod, there are an adiabatic

rea tor an . a erm abati.c

BEat SheRat Bh na%y PE' FopabEiehnus By nebitals T&hdthrs or a
o§ﬂ&'§;i§~°’r8§ PRPE ALUS LOREEIONBLAOLaNERk: cEAEIERTR methoa.

_ ngl e adi abati c reactor e tenmperature lowers

Wi dire RIROT8S adefavkhta o eaaticer Qﬁg%%ém&@ﬁhﬂir@amr, and

of cunyl alcohol 1is an endotherm c reaction, and on

tfige chdEabBENd, rehntert he phyedeaganal idtaisa- i hysothermal

styrene is an exotherm c reaction, 10 the tenperature

rreasterthequiyeesan gippéaeateacteonrendgreabuef dieat. In a case

tenperature becones higher than the inlet tenperature

U@%a%%%glﬁhédgéﬁéF&FeGeﬁ€§PIQU&ﬁﬁt%PWR@qQﬁ%Fﬁ }lowers with

total. The ction te erature an

s%lr%%lf%ﬁs 85 it e AL P BesARe HiF RRBYR 2 HHgpRA cumyl alcohol

r@%%é%@flteeécff&u ]‘én %’1—}"4}}?&' Q:rf} Shb%h g ince the
refera 1

€ reaction tenperature i's p
eRRfibht f 6AChE@RYAr 88§HERE] S5 Fﬁrﬁtag:roa:lﬂe)!rmﬂepgeactlon .
to 2000 kPa. When the tenperature is too |low or the
piies Seerat uraorhisgb, wintdi et-oare slseo £ andensadtabnt Phe outlet
outl et of the dehydration, leading to deterioration
dfenprr penforbrruee ohizherhghdahtie ari et cemperature because
Further, when _the pressure is tog high, it is also
lghdv%%%%@E%@sh?ﬁ tﬁBaPééEﬂléﬁ dGFidebriturhotgrl -

S?ggs %Ireactlvg]ne temper %rﬁr}:%r S‘EHrperésss&xQé’ ahrlegge?ecs:gg so that

water contained in an ¢ -methyl styrene solution after the

con

dehydration, is not condensed. The reaction temperature is
preferably 150 to 300°C, and the reaction pressure is preferably
100 to 2000 kPa. When the temperature is too low or the pressure
is too high, water may be condensed at the outlet of the
dehydration, leading to deteriocration of the performance of
the dehydration catalyst. Further, when the pressure is too
high, it is also disadvantageous in the reaction equilibrium
of dehydration. When the temperature is tochighor the pressure
is too low, it may become disadvantageous because the catalyst
life is shortened 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 a fixed bedreactorandan inlet of the hydrogenation catalyst,
it is preferable to supply from the inlet of the dehydration

reactor in view of the activity of the dehydration catalyst.
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is too low, it may beconme di sadvantageous because the
catalyst |ife is shortened by howing or the |ike

caused by nmuch 25 generation of the gas phase part. 2 March 2007
Though hydrogen can be supplied fromany one of an

inlet of a fixed bed reactor and an inlet of the

hydr ogenation catalyst, it is preferable to supply

fromthe inlet of the dehydration reactor in view of

t he activity of t he dehydration catal yst. 2 Nhrch 2007

zpé}ﬁmdr’astw éfrfap {Ifég%‘r%{qg the-”Lgr@ﬁéd”C?id ti‘l dehydration
St A d)%%dtﬁdf’ﬂﬁgzénbnlh% gSH%‘E%ﬂE' %Ehé%ré%o%”%ft "l‘ﬁzdrogen

equ rium conversion rises, therefo

rirgrtﬂ?@rt‘i/é{y‘;dﬁﬁtﬁéﬁ benatl Laignaged &fdﬂ?iwﬁw &@Hp&f&ﬁlmn

to absence of hydrogen. Though water generated in the

demitsiad 1@n 1 iSs @S Stk tdf obgh High hyshegeanbdéh aan be attained
catalyst, it is possible to operate at | ow cost

wiftffeotitiveky t¢embareyg $et vbwgnge af duphregers. f dhough water
wat er renpval as_ described above, by operating at the

I%rﬁfﬁﬁd B ﬁé%‘é@h@dﬁéFéPn lﬁ)P'F’EIF ?ﬂ&hrc’tﬂﬂ%@é? gydrogenation
t he react.or be rec

AT T Bepar Bt For For opeEer S e o Ehout
Hodd o I oLDELAAS LT AN UoRERRAld 9 PG AL Fembban as

I'S pPOSsSI 0 separ e wat er enerate

Qﬁmﬁ¥iﬂé@8bﬁv@ﬂﬁﬁapé%@HmdyhﬁEHHEé%eﬂn@%ﬁoﬁﬁeﬁangwater
obtained 15 reaction mxture (nmainly cunmene) can

Femttead, tmrdwctaed diydobgéhein edod ayut gt use.thn reactor can
anmount of the dehydration catal yst used nay be an

drepurecy @rplight tor cgasel f auddy lsealageticlon anprdeion.
conver3|on of cunyl alcohal is preferably 90% or

nor e. FURtReHIRT e of athdhso tRgr 6@‘2%@ et yid feegration

op}/era‘%:l%nn,argptuqts %%ossgl.qalté) tcoo%\tla%ratrate water generated in the
dehydration from the reaction mixture. A part of the obtained
reaction mixture (mainly cumene) can be recycled to the inlet
of the reactor for use.

An amount of the dehydration catalyst used may be an amount
enough to convert cumyl alcohol, and the conversion of cumyl
alcohol is preferably 90% or more. An amount of the
hydrcgenation catalyst used may be an amount enough to convert
& -methyl styrene into cumene, and the conversion of & -methyl
styrene is preferably 98% or more.

Considering from a viewpoint of cost, the dehydration and
hydrogenation catalysts are preferably packed in one fixed bed
reactor without using multi stage reactors. Inside of the
reactor may be partitioned into several beds or not. When the
reactor is not partitioned, the dehydration catalyst and
hydrogenation catalyst may be directly contacted each other

or those may be partitioned with an inert packing.
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a -nethyl styrene into cunene, and the conversion of a

-methyl styrene is preferably 98% or nore.

Consi dering froma viewooi nt of cost, the dehydratizo%daml12007

and hydrogenation catal ysts a®e preferably packed in

one fixed bed 25 reactor wthout using nulti stage

reactors. Inside of the reactor may be partitioned

into several beds or not. Wien the reactor is not

partitioned, the dehydration catal yst and

hydr ogenation_cat al yst .may be directly contac

otherg 8?SFh8§ewhﬁy gﬁ%ﬂ%ﬁ%ﬁ?ﬁﬁﬁP%w%%egnisnéggpgggg of

&-88ans1¥BEEN 2002309 A LEREHfoi Ch the

?gﬁver ?%g tep’is coﬁgbgéﬁlof {%yﬁrggeno!ysis, is

expl arRgthP@roYendngs i ds 08 N0 S kS ept Pri Sbeashefgf @limene by

obt ai ni ng cunene by subjecting cunyl al cohol obtalned

i guth hecepoy i cahy D bdeinol oobbahyed ope ndhey siporainth f bon step to

recycling the cunene to the oxidation step. In other

viey disogenntneighanh g Fesycliged tihe thiamerxe dati on

step is reproduced by the hydrogenolysis. The _ .

hyRAiridyerBiyda 19 THR | ek Ahbey Bt HP G Hfiich has been

al cohal . and hydrogen with, a_catalyst. t.-he .

e L A e Yol TRy AR eRa TS Rr g agepp Ly sis -
J; i gD 1He SAALYEing EIE alconol

(B SSEa I SN Phoy By S elyelal i atcons

ts o al s of oup 9 and 10

S @%aﬁ@@éﬁtwiﬂhcgebaaadygal.l adi yRenBhal13’d, any catalyst
met al - based catal ysts of netals of Goup 11 and 12

suwhimg oohpegenattlodi alci 1 toppesn Has atsaht Athmigh axsamples of
preferable fromthe 15 vi ewpoi nt of suppression of

by ragdiicws t A@qm@ecmsﬁérl-w @g{t@lygt,s esppetals of Group
et BB S 25 oAt L BEE G2 s oy et ana
an?éjtetxf—ebéi‘.gg c%rt%ﬂyissttsegf metals of Group 11 and 12 such as copper
and zinc, copper-based catalysts are preferable from the
viewpoint o©of suppression of by-products.

As the copper-based catalyst, copper, Raney Ccopper,
copper-chromium, copper-zinc, copper-chromium-zinc,
copper-silica, copper-alumina and the like are listed.

The reaction can be conducted in a liquid phase using a
solvent or a gas phase. The solvent should be substantially
inert to the reactants and products. The solvent may be a
substance existing in a cumyl alcohol solution to be used. For
example, when cumyl alcohol is amixture with cumene as aproduct,
it is possible to use cumene as a substitute of the solvent
without adding a solvent in particular.

Though the amount of hydrogenrequired in the hydrogenolysis
may be equimolar to cumyl alcohol, an excess amount of hydrogen

is required because other components which consume hydrogen,

are usually contained in the raw material. Further, the molar
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The reaction can be conducted in a liquid phase using

a 20 solvent or a gas phase. The solvent shoul d be
substantially inert to the reactants and products.zMarCh2007
The solvent may be a substance)existing in a cunyl

al cohol solution to be used. For exanple, when cunyl

al cohol is a mxture with cunene as a product, it is
possi bl e to use cunene as a substitute of the sol vent

25 wi thout adding a solvent in particular. Though the
aPBHEEO%f]F héfg({:gggr%or ﬁ?\gﬂ‘i” ;{%% Io@]&lhfs @é%%gg_gﬁﬂ-g I181f0 %yoecause
be” equi no %r cumyT ~af co 510 CanT excess dnoun of

NYHE QG ¢ 5lch 8 20U £ €0 rR8GRYSA,AHIEN c£OARANAY BVl pressure
consune hydrogen, are usually contained in the raw

n&t eiy@togdtll t Mefe rbhte okafu2t Mot Ghr SEab 1P #3dh A @b 5. The
hydrogen to cunyl alcohol is usually from1l to 10

bexaess ambent eaf thydr pyen eestsa 1 @il dh i/t e t the nozaaiston may be
of apart iai pressure of hydrogen. The ratio is
foeErielepr afépabbprhrabet from thee regcleben anbyberet The

2¥drogen remained after the reaction na¥ be 5 rnycIed
YRrogeparyfdsd FPURPTAEUrEalfi BRUAL kY UPetO O . Preferably

h [ [ |1y O 5Q00- C
or e EP by s §Re. e rEthe, b Alahtegepusty 100 to

| kP ' -
aflU,ag@) G9eeMS %é%#z%%%%%%g hn U dNAQIRRINSI P carriea

can e advant ageous ! out usl ng a cata yst I n
thet fesimafl askathyyer anf ivned foath o) shgrPf e6ENd fixed bed.

process can be conducted by a batch nethod,

sem - Thet pomasestnptrbodssr caonbenconsuntteldodhy Whédatarh method,
liquid or gas containing a raw material for reaction

i SephsgedtLpneughmg thiode @Th @1 tima1ig argidiod s not

cont aj ned t. all. or substantially in a Iiﬂuid m xture i
dr awn"BEE 3 FGAYIAeCT B9 BQBEPSR 2GR AR hET pReSENE Teaction
'{‘é’%‘éé@é‘d Eﬁr&t‘?‘gl{ eeg%ir:{?edd tlﬁa% %hceo%%%rglrﬁﬂ q.r]s not contained
at all or substantially in a liquid mixture drawn out from the
reaction zone.

Inthepresent invention, itisrequiredthat aconcentration
of methylbenzyl alcohol contained in a liquid containing cumene
after the oxidation step is 1% by weight or less, and 0.3% by
weight or less is preferred. Herein, the liguid containing
cumene means liquid cumene or a solution containing cumene when
a solvent is contained.

Methyl benzyl alcohol is a compound produced by which
acetophenone formed by thermal decomposition of cumene
hydroperoxide in the oxidation and epoxidation steps, is
hydrogenated in the converting step. Sincemethylbenzyl alcohol
is a component accumulated in the reaction system, and the
concentration increaseswith time when the recycle is continued,

it can become an oxidation-inhibiting substance in addition

te reduction of the reaction effective volume.
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of net hyl benzyl al cohol contained in a liquid

containing cunene after the oxidation step is 1%

wei ght or less, and 0.3% by weight or less is %Y March 2007
preferred. Herein, the liquid containing 20 cunene

means |iquid cunene or a sol uthlon containing cunene

when a solvent is contained. Methyl benzyl alcohol is

a conmpound produced by which acetophenone formed by

t hermal deconposition of cumene hydroperoxide in the

oxi dation and epoxi dation steps, is 25 hydrogenated in

t he comvigid ig¥iddepon Sthee iniiyl bedzyit alcalerjuinesd o raise
conponent accunul ated in the reaction system and the
Corct F @t ohePReFEAYES Rt Ot PRe 1ich & HeedEleiRn etime for

SHIAINGS: o deSPpeHCE ATy BB BAR, 10 vocn

efdfed | Wy yptodiBct2 MahePi2004 thd bpokhaa®ibsiabirengenerated
step inhibited, it is required to raise a reaction
tahpanatdicehsyl tar pr ofebeRa FeRgumsAdt hiydrpgen in the

IR Sl o P T B R R b e R o R rectave

ases,  by-pr e~ epoxi i on

aftel geAef Betod Btie aRe AL £08R! volLluReckebGpgreeasv B reaction
hydrogen in the hydrogenation step, is generated.

Takiiyl teemunt bheeprédatien and iersxigiitgion heand effective

reaction vol ume, . suppression of reaction., inhibiti .
SR e T ont B CPeRESh Bhe Puah ER 8 pyapéndys dleonor in
hettl agefiaild Gbn tidieh LN cafidad 110 v redvildenaylthe oxidation
al cohol in 10 the liquid containing cunene to be

rectese |res & doe heookrdalegnwidhdp et nangeomf othedgresent
\@&Jggkthe range of the present invention. As nethods

for coﬁV?blling the concentration of nethyl benzyl

Wi t hi gs thethaagesol thatRoasamlg itheiden @ra®idodot

methylbenzyl within the range of the present invention, amethod
of removing a part or the whole of methylbenzyl alcohol outside
the reaction system by distillation, extraction or the like,
a method of converting into another compound, a method of
decreasing the concentration using an adsorbent or the like,
and the like, can be illustrated. A step for removing
methylbenzyl alcohol outside the reaction system (herein-after,
sometimes referred to as "methylbenzyl alcohol removal step”)
canbe installed at least one place in the oxidation, epoxidation,
dehydration and hydrogenation steps or between which the steps
are connected, and can be usually carried out by distillation.
As another method, the concentration of methylbenzyl alcohol
can be effectively reduced by controlling reaction conditions
in the hydrogenating step and hydrogenatingmost of acetophenone
andmethylbenzyl alcohol fed tothe hydrogenation step toconvert
into ethylbenzene. Further, there can be also used a method
of controlling production of methylbenzyl alcohol itself

through selection of a hydrogenation catalyst not
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15 of renoving a part or the whole of nethyl benzyl

al cohol outside the reaction system by distillationzhAmth2007
extraction or the Iike, a neth®d of converting into

anot her conpound, a nethod of decreasing the

concentration using an adsorbent or the like, and the

like, can be illustrated. A step for renoving 20

(RePerRERFE RS SE8hoPRRIS Aot A cl G0 Har = bt h PDeRZy ALY
%g@@éeﬁgﬁg¥a&ceﬁ "gnoﬁgn npe 4f—s’l§§slé§dchaq:t llé?satssg o%n etals of
place Tn e a dehyar

ox1 dati on, ~epoxi I on, I on-an

hyss @genatih@ni §t €RSh0hsPELWRER ,V\ﬂﬁﬁﬂgtlh%nﬁt?%ilﬁi%m, can be

connected, and can be usually carried out
dissétédiati on. 25 As anot her nethod, the concentration
of met hyl benzyl al cohol can be effectively reduced by
controlling reaction conditions in the hydrogenating
step and hydrogenati ng nost of acetophenone
andnmet hyl benzyl al cohol fed t BXANELEydr ogenati on step
to conver into ethyl benzene. Further, there can be
P RERd a met hod 30 of controlling production of

met hy&&g@%@ rgJ: ?ggéstégr%l;fﬁ#ﬁ%%égéﬁ%t{gg &831:5 allnixed with

hydr ogenation ¢ not

hatdr-RERNAld RGIRASIAPRINANGL . AScR §@&ﬁhﬁfséai;%ﬁgtga:¥rqlé’ volume

hydr ogenat es acet ophenone, netal - based cat sts o

meitale of 1 GOuphd ad@dedl@ssgehudsonokal bo bifckemearkd and the
pal | adium can be Ilisted. 5 EXAMPLE Exanple 1 Cunene
megitolee] Yaonreabddogedeati etnstspherds minexbwie handn a
aqueous sol ution OfTi Wt . % of sodi um carbonate in a
VSTRAFAHHS o2F 01 8P 1 fAT 1 hqi@istisSYBPLYiBA 84120 of

;:Jgg;hg}%glg%%rtl Eat:r.n.cn)n(t g%emg@ﬁyig%%tzg ggg%‘iﬁoﬁ.t q.?ls lel%r irc(:acyc].ecl
cumene was 0.02% by weight. A production rate of cumene
hydroperoxide was 6.5% by weight per hour.
Example 2

A reaction operation was carried out in the same manner as
in Example 1 except that the concentration of methylbenzyl

alcchol in cumene recycled, was 0.2% by weight. The production

rate of cumene hydroperoxide was 5.9% by weight per hour.

INDUSTRIAL APPLICABILITY
According to the present invention, there could be
provided a process for producing propylene oxide, which can
convert propylene into propylene oxide using cumene
hydroperoxide obtained from cumene as an oxygen carrier, use
repeatedly the cumene and further efficiently carry out
oxidation thereby being able to efficiently produce propylene

oxide.
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tenperature of 105t for of 1 hour supplying air. A
concentration of nethyl benzyl al cohol in the recycl
cunmene was 0.02% by wei ght. A production rate of #Starch 2007
cunmene 15 hydroperoxide was 6.p% by wei ght per hour.
Exanple 2 A reaction operation was carried out in the
sane manner as in Exanple 1 except that the
concentration of methyl benzyl alcohol in cunene
recycl ed, was 0.2% by wei ght. The production 20 rate
of cunmene hydroperoxi de was 5. 9% by wei ght per hour.

| NDUSTRI AL APPLI CABI LI TY AcCdrit¥® to the present

i nvention, there could be provided a process for
produci ng propyl ene oxide, which can 25 convert

pr opyi enept-Ht8s B'eRYH£88uLY hES Ml e f4 8RR , which comprises

hydr oper oxi de obt ai ned from Cunene as an oxygen

céte i Bs]11owengr epepsedl y the cunene and further

efficiently carry out oxidation thereby being able to

ef f i exédatyopr 686e pr SppPené obkipdeingocpmpmec hyggoperoxide

3 CLA . 1. A process for producing propyl ene oxide,
&%ﬁdﬁx%%£%+?ge§ug?ﬂ$'folIomﬁng steps: 5 oxidation

St ePapBx$HER 18k QPERI NL NG SHNBAG VA PRE] PR 1dl¥e oxide and
e

oxi di zi ng cunene; epoxidation step: a step o

ahingy Nian g opicappiy area OXie dintkn < bfdlropletobalddbybtained in the
reacti ng cunene hydroperoxi de obtained in the

SR Yo ssepP Wi Bhppappldrase ;a@@®d 0 converting step

a Stggnggrgggggééggagggﬁgo@éﬁﬁ%ﬁr%&ﬁ&hﬂ%@lalcoholobtained

in the epoxidation step into cumene in the presence of a solid
catalyst and recycling said cumene to the oxidation step,

wherein a concentration of methylbenzyl alcohol in a liquid
containing cumene recycled to the oxidation step, is 1% byweight
or less.

2. The process according to claim 1, wherein the conversion
step comprises the following steps:

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

hydrogenation step: a step of obtaining cumene by
hydrogenating @ -methyl styrene in the presence of a solid
catalyst to obtain cumene, and recycling the cumene as a raw
material to the oxidation step.

3. The process according to claim 1, wherein the conversion
step comprises the following step:

hydrogenolysis step: a step of obtaining cumene by
subjecting cumyl alcohol obtained in the epoxidation step to
hydrogenolysis in the presence of a hydrogenclysis catalyst,

and recycling the cumene to the oxidation step.



in the epoxidation step into cunene in the presence of

a solid catalyst and recycling said cumene to the 5n..ch 2007
oxi dation step, wherein a concentration of

met hyl benzyl alcohol in a liquid containing cunene

recycled to the oxidation step, is 1% by weight 15 or

| ess. 2. The process accordingLﬁo claim1, wherein the
conversion step conprises the follow ng steps:

dehydration step: a step of obtaining a-nethyl styrene

by dehydrating cunyl al cohol obtained in the

epoxi dation step 20 in the presence of a dehydration

cal ahyshroddds REHRGENRY 81 8P 1, Antsd EPi®fthelp BbBESY further
cunmene by hydrogenating a-nethyl styrene in the

pregencee ofa ate@ bd readaipgtméthpbbannytuakroehonsitside the
recycling the cunene as a raw material to the

oseafat 1 om syisdem 28 Fasthengrptass iactbeditreps erchetween which
1, wherein the conversion step conprises the

i1¢ ok PlRS stEP: CAPRPESEHAol ysis step: a step of

obt ai ni ng cunene by subjecting cunyl al cohol obtained

in the epoxidation step to hydrogenolysis in the

presence of a hydrogenolysis catalyst, 30 and

recycling the cunene to the oxidation step. 2 March

2007 14 4. The process according to claim1l, wherein

the process further conprises a step of renoving

met hyl benzyl al cohol outside the reaction system at

| east one place in the steps or between which the

steps are connected. 5



