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DESCRI PTI ON METHOD FOR PRODUCI NG PROPYLENE OXI DE
TECHNI CAL FI ELD The present invention relates to a

worbdsadsskor produci ng propyl ene oxide. More  PCT/JP2008/055986

particularly, the present invention relates to a
met hod for produci ng propyl end oxide, conprising a
step of reacting an organic peroxide with propylene in
the presence of a catalyst to obtain propyl ene oxide
and an al cohol (an epoxidation step) ; a step of
recovering the unreact edDBEGRYPERENI n t he epoxi dati on
step and recycling the resulting propylene as a raw
mat eri al of the epoxidation step (a propyl ene recovery
step) ; and a step of distilling the propyl ene oxide
obt ai ned i n METEHGEP (BORI HRADUCINED HRDPUIUENE qQUIDH | ed
propyl ene oxide (a propyl ene oxide purification step)
Thi s nmet hod has excell ent effect capabl e of
efficiently carrying out an epoxidation reaction, and
ekeansuppr essrng | oss of a val uabl e conponent such as
propyl ene or propyl ene oxi de, and savi ng energy

requi rgd E?e@@hkfXnQEHEY&ﬁ”?ePé%Q@-t@ _
Japanese Unexam ned Patent Publication (Kokai) No.

%?ggﬁggzéggggE?QEﬁéeéxéé?f eﬁéﬂplﬁaréigﬁlgpgyfoﬁhe present

uci n ene oxi conpri sing an epox dat’i on

%L@BPF%{!{ g%XE%QE EECQVRL¥nShCPor 2PHoAuRERRYLEBEY PEL 80k de,

pur i

comprising a step of reacting an organic peroxide with
propylene in the presence of a catalyst to obtain propylene
oxide and an alcohol (an epoxidation step); a step of
recovering the unreacted propylene in the epoxidation step
and recycling the resulting propylene as a raw material of
the epoxidation step (a propylene recovery step); and a
step of distilling the propylene oxide obtained in the
epoxidation step to.obtain purified propylené oxide (a
propylene oxide purification step). This method has
excellent effect capable of efficiently carrying out an
epoxidation reaction, and also suppressing loss of a
valuable component such as propylene or propylene oxide,

and saving energy redquired to purify propylene oxide.

BACKGROUND ART
Japanese Unexamined Patent Publication (Kokai) No.

2005-097175 discloses, for example, a method for producing
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step. Furthernore, Japanese Unexam ned Patent
Publ i cati on (Kokai) No. 2005-097185 di scl oses a net hod

wo orospeaeiici ng propyl ene oxide in which the repct/im008/65986

carried out at the concentration of cunene

hydr oper oxi de of 2% by wei ght %r |ess as the

concentration of an organic peroxide in a reaction

sol uti on upon the conpletion of the epoxidation step.
However, it was inpossible for these conventiona
m%rhndgnﬁ006ﬂﬂeeu@nmpyl§amgya@uﬁp@ﬁlépbxpdastep, a
reaction, sufficiently suppress |oss of a val uable
@mmp@ﬂene sechvasypstpy,eprador propylene oxiide, pamdftication
sufficiently save energy in a propyl ene oxide

piepf.i cauiradheshepe, THapanaseuUhkeani npdoretent Rablication
been required. DI SCLOSURE OF THE | NVENTI ON An obj ect

t(&olra iac Noevedoby obhe spr ésentl osageat neAhbd Forppovtdeing

a method for producing propyl ene oxide, conprising a

prepydkneeagtidagianwaiganicaepeeaxidenWibhcpropyliebgti At the
the presence of a catalyst to obtain propyl ene oxide

@6ﬂc@ﬁt§bQQBﬁ|o&aﬁuﬁﬁﬁélﬁ§6k65e§b§@he o SkeByOfeight or
recovering the unreacted propylene in the epoxidation

38R %@dthécxehb@BtEB%16%SHEtbﬂgongﬁXEeﬁ@rQ§léef§ﬂ'a
materi al of the epoxidation step (a propyl ene recovery

%%%Q%logagglﬂﬁﬁgﬁ 9& g %hblkbﬂ 6E9§08r8?ykﬁge ?%ggatlon

obt ai ne he epoxi dati on st to obtai pur

g&ggxlene oxi de (a

However, it was impossible for these conventional
methods to efficiently carry out an epoxidation reaction,
sufficiently suppress loss of a valuable component such as
propylene or propylene oxide, and to sufficiently save
energy in a propylene oxide purification step. Thus, a

further improvement has been required.

DISCLOSURE OF THE INVENTION

An object to be achieved by the present invention is
to provide a method for producing propylene oxide,
comprising a step of reacting an organic peroxide with
propylene in the presence of a catalyst to obtain propylene
oxide and an alcohol (an epoxidation step); a step of
recovering the unreacted propylene in the epoxidation step
and recycling the resulting propylene as a raw material of

the epoxidation step (a propylene recovery step); and a
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propyl ene oxide purification step) , the nmethod having
excel l ent effect capable of efficiently carrying out

wa@mooepzessdat i on reaction, and al so suppressi NgPEDIR0EH 055986

a val uabl e conponent such as propyl ene or propyl ene
oxi de, and saving energy requi$ed to purify propyl ene
oxide. That is, the present invention pertains to a
nmet hod for produci ng propyl ene oxide in which the
concentration of an organic peroxide in a reaction
sdlam icdh difstdrl ldmepdve datopor esice p¥iisief obrhad@edo 15 the
000 ppm by wei ght (based on the anount excl udi ng
repiildate am sttivp rteacbiten ns plurtiifdre)d @rivicyylene oxide (a
concentration of organic peroxide is sonetines
rrefogrylethe @xdsiea punrdfiicalt icancerti) gt ithie @fe thiddohgaiing
peroxi de", and when the present invention is carried

@xce ltleoge eSffddtedapablilike odr & fEdik iPRI1ePdaairglivig out an
determ ne upper and lower limts of the concentration

Widdx ildtierabeee tiangehnd Ae stRihppre@ERhigSi1Bgst BE a
follow ng steps: an epoxidation step of reacting an

QAN P IPR W shichr aRY beee vi1Rnkh® P !b%?@;q%n%f oRide,
catal yst to obtain propyl ene oxide and an al cohol; a

RIRP Y818 d @SRUERY releR rel k8c g\a%&if@,g ptrla%ylil'éhﬁae%cgge.

propyl ene in the epoxidation step and recycling

resul tripng H%gpih%ngﬁgéeﬂtrQW?@BE%EE@%eQEa&B . to. a_method

epoxi dati on step; a propyl ene oxi de purification

%%%pﬁybdﬁdﬁﬁd Hf%%yﬁ%%e oxide in which the concentration of

an organic peroxide in a reaction solution after an
epoxidation step is from 20 to 5,000 ppm by weight (based
on the amount excluding propylene in the reaction solution)
(this concentration of organic peroxide is sometimes
referred to as a gcontrol concentration of an organic
peroxide”, and when the present invention is carried out,
those skilled in the art can appropriately determine upper
and lower limits of the concentration within the above
range), the method comprising the following steps:

an epoxidation step of reacting an organic peroxide
with propylene in the presence of a catalyst to obtain
propylene oxide and an alcohol;

a propylene recovery step of recovering the unreacted
propylene in the epoxidation step and recycling the
resulting propylene as a raw material of the epoxidation

step; and
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propyl ene oxi de obtained in the epoxidation step to
obtain purified propyl ene oxide. According to the

w@em@sardss4 nvention, it is possible to provide BCTER20G8H055986

for producing propyl ene oxide, conprising a step of
reacting an organic peroxide Wth propylene in the
presence of a catalyst to obtain propyl ene oxide and

an al cohol (an epoxidation step) ; a step of

recovering the unreacted propylene in the epoxidation

st ep andropyehiengxtide pesdlfticagipnopgkeenefadiatidwing the
materi al of the epoxidation step (a propyl ene recovery
sireply lenandxd dst eptafindidstinl thergephrigrtpphestepxicdeobtain
obtained in the epoxidation step to obtain purified

puepyliede paxipde echa pxapggl.ene oxi de purification step)
, the nethod having excellent effect capabl e of

ef fi crerblrdigar ty RGeOYred@nepPOKiveation, r eactisoposaible to
al so suppressing | oss of a val uabl e conponent such as

RProRYHRNE Qe tPbAPYLeN@ rovueengapdopd¥eNd BREHBY comprising
required to purify propyl ene oxide. BRI EF DESCRI PTI

QFsE@FeQ?A%@@@§iﬁbganlo&%aﬁi%cﬁgggkﬁeefh@%hcﬁﬁb y@bne in

Exanp In Fig. 1, reference Nuneral s denoteés

%ﬂ%lggkggice($k é_g%kghﬁgkiQB g%ﬁ&hgﬁrégg§E§gno§%he:and an
poxlidati on reaction solution ) : reacte

R RYISNECA) oHoBeaGk: 3R SQkEY Lo BELE oECERYELLRIng the
propyléne

unreacted propylene in the epoxidation step and recycling
the resulting propylene as a raw material of the
epoXidation step (a propylene recovery step); and a step of
distilling the propylene oxide obtained in the epoxidation
step to obtain purified propylene oxide (a propylene oxide
purification step), the method having excellent effect
capable of efficiently carrying out an epoxidation reaction,
and also suppressing loss of a valuable component such as

propylene or propylene oxide, and saving energy required to

purify propylene oxide.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic flow chart of Example 1.

In Fig. 1, reference Numerals denotes followings.
(1): Oxidization reaction solution
(2) : Epoxidation reaction solution

(3) : Unreacted propylene
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(5) : Solution mainly containing cunyl alcohol and
cunene (6) : Recycle cunene. Fig. 2 is a schematic

wo bows/1edzsat of Exanple 2 . In Fig. 2, synbol sp¢ilgpaod/055986

*3, *4 denotes followings. *1: Require to confirm
effect after changing reactior® conditions *2: Keep
sane reaction conditions until subsequent analysis *3:
Possi bl e to consider decrease in filling anount of
catal yst when reaction tenperature is | ower than

fdéef eRabctiopesafibnonenaperat ueeofrerihgngrpeyi ede of
time *4: Retention tinme of epoxidation reaction step

- Wai ti agluicien(neimliyntentalinohgpenmpili 8l aohdbysasd c@dene

hours) BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The
époxi datiyolestapent.t he present invention is a step of
reacting an organi c peroxide with propylene in the

presergg.ob ascat akishat@coblawncRaepybenexanpie and
an al cohol. Fromthe viewpoi nt of obtaining an

obj ecthveiyith hisghpyhgl diandshi g, sehegbhyt iy, fét‘}?ow1ngs
epoxi dati on step I's preferably carried out in the

pieseReguotearsatahysinCorpRsed, ofed changln? reaction
titaniumcontaining silicon oxide. This catalyst 1Is

gsolid catalyst, and is preferably aso-called
#?ﬂghk¥gg catalyst Ti which is chem cally bonded

*2: Keep same reaction conditions until subsequent
analysis

*3: Possible to consider decrease in filling amount of
catalyst when reaction temperature is lower than preferable
operation temperature for long period of time

*4: Retention time of epoxidation reaction step £ waiting

time £ (time interval of periodic analysis = 24 hours)

BEST MODE FOR CARRYING OUT THE INVENTION

The epoxidation step of the present invention is a
step of reacting an organic pefoxide with propylene in the
presence of a catalyst to obtain propylene oxide and an
alcohol.

From the viewpoint of obtaining an objective with high
yield and high selectivity, the epoxidation step is
preferably carried out in the presence of a catalyst
composed of a titanium-containing silicon oxide. This

catalyst is usually a solid catalyst, and is preferably a
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with a silicon oxide. The catal yst includes, for
exanple, a catalyst in which a Ti conpound is

weuppored on a silica carrier, a catalyst in »u/arFRoes/055986

Ti conpound is conbined with a silicon oxide m xed

using a coprecipitation method or a sol gel nethod, or

a catal yst made of a zeolite conpound containing Ti.

In the present invention, the organic peroxide used as

the raw material of the epoxidation step nay be a

giolgied led Gansénticat edtpldyisti 8d whiehi ab chemically bonded
non-purified material. The epoxidation reaction is
earithi ed sadticby briidgi.ngTheopykehgsandnahudeganifor example,
peroxide into contact wwth a catalyst. The reaction is
earcaitad yetit innwaikhquai dipbaspousdndgsasappueentd dhea silica
sol vent nust be a liquid under a tenperature and a
phesskere upeatthgsteaat walchaadThusbmpeusdbstanbnbBihgd with
inactive with a reactant and a product. The sol vent

BRY ihe condex@biecamiRbar LainyhbChop¥kbstipitAtaBnONEANALE or a
peroxi de solution to be used. For exanple, when

ebhylhkenzeraochydrepar exideyak fHABNErhyYdLapes eXi esmpéund
a mxture containing ethyl genzene and cunmene as raw

ggherhghgthQreof it is possible to use the mixture
| ace of solvent w thout adding a solvent. In

add'tkﬁnth@ %gggha ?h%SHEleC|EggsoﬂggﬂEgnpgkéé%ge used as

nonocyclic ¢ npoun or ‘exanpl €, ben

ﬁe E%QeRé%g%iagro%d%ﬁgl8589?85%98% step may be a dilute or

concentrated purified material or non-purified material.
The epoxidation reaction is carried out by bringing
propylene and an organic peroxide into contact with a
catalyst. The reaction is carried out in a liquid phase
using a solvent. The solvent must be a liquid under a
temperature and a pressure upon the reaction, and must be
substantially inactive with a-reactant and a product. The
solvent may be made of a material which exists in an

organic peroxide solution to be used. For example, when

- ethylbenzene hydroperoxide or cumene hydroperoxide is a

mixture containing ethylbenzene and cumene as raw materials
thereof, it is possible to use the mixture in place of
solvent without adding a solvent. 1In addition, a useful
solvent includes an aromatic monocyclic compound (for
example, benzene, toluene, chlorobenzene, or o-

dichlorobenzene), and an alkane (octane, decane, or
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, and an al kane (octane, decane, ordodecane) . An
epoxi dation reaction tenperature is generally fromO

WO 2002028384 and is preferably from25 to 200 OC PCI/¥#2608/055986

of a reaction rate and econom cal use of a catal yst,

and nore preferably from25 td 140C in vi ew of

reaction selectivity. Wien the tenperature is too | ow,

the reaction rate is Iow, and thus the anmount of the
catalyst, which is required to obtain a desired
dedetkor)anount, increases. |In contrast, when the
tenperature is too high, selectivity decreases.

Part i 8ul epbyidatiennt heaatmont tefpehetooapbandehavahyy4from
carbon atons increases, |oss of a val uable conponent

andor eqo’cedaaded gypupfarapipvalonf 26 heoccroPdOnin view of a
i ncreases. The pressure nay be a sufficient pressure
reakeepnareeachhanefbxbiii€alnudel bquadcstal ¢stThend more
pressure is advantageously from 100 to 10,000 kPa. A

pobirdraBl @l ¥ebmi 95ad¥antageous! ¥idgedri PehBeibAr BeDechivity.
slurry or a fixed bed. In the case of a |arge-scale

WHGHSEBbakeﬁ %Eﬁth?@ itheobi x8d, bedei sepEeiShablyYe is low,

used he operation can be carried out by a
Qﬁ&chhﬁgthﬂg aﬂoﬁﬁg]o§OEBEnHQH§19§EhOQh18ﬁ #s required to
conti nuous net . Wien a | iquid containing a reaction

68%’?HtSrhéklkédp?§§8glbﬂrSM89 £hel£&%5989?.. ! LWL Hast,
3 ai n"any

ure froma reac regron oes not con

wﬁggl¥ﬁg’tgﬁpégg§h%gthgl£30089&§1n§e98ctivity decreases.

Particularly, when the amount of'the compound having 4
carbon atoms increases, loss of a valuable component and
required energy upon removal of the compound increases.
The pressure may be a sufficient pressure to keep a
reaction mixture in a liquid state. The pressure is
advantageously from 100 to 10,000 kPa.

A solid catalet is advantageously used in the form of
a slurry or a fixed bed. 1In the case of a large-scale
industrial operation, the fixed bed is preferably used.

Also, the operation can be carried out by a batch method, a

" semi-continuous method, or a continuocus method. When a

liquid containing a reaction raw material is passed through
the fixed bed, a liquid mixture from a reacted region does
not contain any catalyst, or substantially contains no
catalyst.

A mol ratio of propylene/organic peroxide to be
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catalyst . A nol ratio of propyl ene/organic peroxide
to besupplied to the epoxidation step is preferably

wo e@si23384 t o 50/ 1. When the ratio is too | ow, PEEJIP2008/055986

reaction rate decreases, and thus reaction efficiency
becomes worse. Wien the ratio8s too high, the anount
of propylene to be recycl ed becones excessively

i ncreases, and thus nuch energy is required in the
recovery step. The propyl ene recovery step in the
puppdned fvetheorppsidasiep stepepar prefigrahdy from 2/1 to
recovering the unreacted propylene in the epoxidation
SR .an@heecybki ngttiiheisetoveled, ptbpykeaetasnarabe
material in the epoxidation step. A s described above,
sienceapespybadethasexeessiveal gfiisedenthebeeantsonrorse.
solution fromthe epoxidation step contains the

uhkegached ratopylienecoTheghet hhd ahosgpaddt pAgp@h&ne to be
recovering the unreacted propylene fromthe reaction

selkythen beebrdesercaBENOd19f idsbhkbkNgahBeth@achi1 8
solution. The reaction solution is distilled under the

caRdiyt 9ns ruhlcPeanah! eneasycevapyratbgn of propylene
fromfthe reaction solution. The conditions of

di st b3t 9BoYaLYed2BEdERg QRobNont BBCHRAEULRL A0y LRE: on

conmposition o reaction solution supplied to th

454 Ghat A7 SheR-alail Ly EIBCOLETAY ol yhEamAce
%Q%p§l%8£ugﬂ Eﬁgdepoxidation step and recycling the
recovered propylene as a raw material in the epoxidation
step. As described above, since propylene is excessively
used, the reaction solution from the epoxidation step
contains the unreacted propylene. The method of separating
and recovering the unreacted propylene from the reaction
solution includes a method of distilling the reaction
solution. The reaction solution is distilled under the
conditions which enable easy evaporation of propylene from
the reaction solution. The conditions of distillation vary
depending on the temperature and the composition of the
reaction solution supplied to the distillation step.
Usually, the pressure is from 100 to 5,000 kPa, and
preferably from 100 to 3,000 kPa, and a column head
temperature is from -50 to 150°C. A method of stepwisely
distilling propylene using a plurality of distillation

columns can also be used.
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tenperature is from-50 to 150 0OC . A nethod of
stepwi sely distilling propylene using a plurality of
wolb@siikdzet i on col uims can al so be used. The pr opyt/8m008/055986
oxi de purification step of the present invention is a
step of subjecting the propyl éne oxi de produced in the
epoxi dation step to distillation to obtain purified
propyl ene oxi de. Propylene oxide to be purified is a
l'iquid remai ned after recovering the unreacted
pr opyTare propmlene peadei pnrsbiobtdonotteheof the present
epoxi dation step as descri bed above. Usually, an
aheehalicand saaselteenvfpsadtieedihg the ppopiylahbooxstep
are renoved by distillation to obtain a crude
propylede iaxicde. epbeianbdenpsepy! esedoxtdelgenshatbyobtain
contains water, a hydrocarbon, and an

E&yggae@oggabgqggecggpggnd as inmpurities, and the
ydrocar bon i ncludes a hydrocarbon having 3 to 7

Carbo@r@b?ﬁ%neE6§EHEe§ooﬁetBﬁr@fi@ﬁnggngaiﬂhﬂgd remained
conmpound i ncl ude met hanol, acetal dehyde, acetone,

pEeaonaldehyde, and HHEQXE Eargﬁegg}éna EPSm”?BQOFeQEtlon

renDV|ng “these rmpurities,

3PALILLON o SEANLAESsUE 28, 0l St F:hgg;eabed e

raction tron cry | 1 on rra

S?ﬁLS SHEATY a8 §15PRPEr By oA LY PR BootarRg ThEhe
eXtra

ox1%atlon step are removed by distillation to obtain a
crude propylene oxide.

The crude propylene oxide generally contains water, a
hydrocarbon, and an oxygen-containing compound as
impurities, and the hydrocarbon includes a hydrocarbon
having 3 to 7 carbon atoms. Examples of the oxygen-
containing compound include methanol, acetaldehyde, acetone,
propionaldehyde, and methyl forméte.

As the method of removing these impurities, for
example, known separation techniques such as distillation,
extraction, adsorption, and crystallization may be
appropriately used in combination. However, the crude

propylene oxide is preferably purified by using extraction

distillation with a hydrocarbon having 7 to 10 carbon atoms
as an extractant in combination with the other distillation
in view of efficiently removing water, a hydrocarbon, and

an oxygen-containing compound.
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distillation with a hydrocarbon having 7 to 10 carbon
atons as an extractant in conbination with the other

wolb@sitkdzat i on in view of efficiently renoving pet/g# 2008055986

hydr ocar bon, and an oxygen-cont ai ni ng

conpound. Exanpl es of the hydrddarbon having 7 to 10
carbon atons as the extractant include |inear
saturated hydrocarbons such as n-heptanes, n-octane,

n- nonane, and ndecane; branched saturated hydrocarbons
such &samplesdpfrethyl pgdtranerb@n, Badingt Aiytpehf anaybgn
, 2-di met hyl hexane, and 2 , 3-di net hyl hexane; and
ahsasunat edehydtoeatbohsihhéndef l1ihaaaddatunatetihese
extractants can be used alone, or a m xture thereof

bgdrbeaubels $hehnmagdeh-hgpeansd, opevatang, cardbhanes and n-
of an extraction distillation colum and ot her

diesbhbl abrefcrelURBLuaAteRehatir68a 008t 506h agd2} he
anmount of the extractant are appropriately determ ned

asmatdiNgehahbe auslitMehypPhOHHEL 292b81158ﬂH¥IEQxane,
The purified propyl ene oxide thus obtai ned satisties

Qﬁé'@eg 8&89Hﬁ%19@§5h&¥ aEBeuHE§§§P£té8VH?&£88arbons
preferably includes the fol | owi ng epoxi dati on

tARdLLEON dRt gngL paLhon fLe ErQétSHtEDEQnaBQUﬁQES'¥1one,

F PeR
control “the concentrafion o e organic peroxid

ULy BIDBNEhOTcb e B BE! uGLat he Present 1 nventfon

The model type and operation conditions of an
exfraction distillation column and other distillation
column, an operation condition, and the amount of the
extractant are appropriately determined according to the
quality of a product to be required.

The purified propylene oxide thus obtained satisfies
desired product quality.

The present invention preferably includes the
following epoxidation condition determination steps so as
to more accurately control the concentration of the organic
peroxide thereby enhancing the effect of the present
invention:

an epoxidation condition determination step of
measuring the concentration of the organic peroxide in the
reaction solution after the epoxidation step and
determining necessity of change of conditions of the

epoxidation step.
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an epoxi dation condition determ nation step of
nmeasuring the concentration of the organic peroxide in
wo bmsnezxes i on sol ution after the epoxidati on sPEpJIJR0EB/055986
determ ning necessity of change of conditions of the
epoxi dation step.In order to ndasure the concentration
of the organic peroxide in the reaction solution after
t he epoxi dation step, known nethods can be used.
However, in view of analytical accuracy, an iodine
titratthorraerhtd peodonet thy coneantratianedf abl¢ysirganic
(NIR) , or liquid chromat ography (LC) can be used
pproxiided inhahewneachiorasatithgosaaptercbheaepsxidation
propylene, it is necessary to correct the neasurenent
seéepl, t & nbent hethodsenbtnabeounsedc| uHowgvprppyheneey of
More specific exanple of the nmethod of controlling the
eaadentcali agcokathe engasdénpetoxirdeibnchedrsda(iodometry),
met hod in which sanpling is carried out at a frequency
hegwi nadrbeedt Baseyski! (ROR) N bhelaghlaoahf@maw@raphy (LC)
concentration of the organic peroxide in the reaction

sahubionsaht eprbheqeqoxhgdat WHQnSEeﬂe%ﬁPhﬂgt Qﬁln?pé’v@ontains
concentration range, for exanp e, a requency (0] once

Brogyicaad the;conceatsal OBOOEoiPécHnEﬁé°h§959£&ﬁ@h€

peroxide is controlled w thin the above range

9@%‘[1%9%8“%11%” gﬁ@&ﬁEngé% QQE!’LS&% gpigggi&fi‘%hi on

tenperature o € epoxi tron reacti n a

rangeyf;am B 10 -200.0G 1 Br L ARl ¥oLEOM 25 £8n2091 PSg the

concentration of the organic peroxide includes a method in
which sampling is carried out at a frequency required for
those skilled in the art control‘the concentration of the
organic peroxide in the reaction solution after the
epoxidation step within the above concentration range, for
example, a frequency of once a day, and the concentration
of the unreacted organic peroxide is controlled within the
above range by carrying out an operation of decreasing the
reaction temperature of the epoxidation reaction step
within a range from 0 to 200°C, preferably from 25 to 200°C,
and more preferably from 25 to 140°C (for example, an
operation of decreasing the reaction temperature by 1°C)
when the concentration of the organic peroxide is lower
than the control concentration of the organic peroxide of
tﬁe present invention, or by carrying out an operation of

increasing the reaction temperature (for example, an
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and nore preferably from25 to 140 OC (for exanple, an
operation of decreasing the reaction tenperature by

wag)osubsss4 t he concentrati on of the organi c perP&T/AE2005055986

| oner than the control concentration of the organic
peroxi de of the present inventizon, or by carrying out

an operation of increasing the reaction tenperature

(for exanple, anoperation of increasing the reaction
tenperature by 1C) when the concentration of the

oPgaaitd ope odx il rieashinghéhet Kgacthencbpmpekrature by 1°C)
concentration of the organic peroxide. It is also

possi the congsatrasisnovhietheonrpehigepbodxideméshbdgher
in which the | atest nmeasured concentration of the
ahganithepeooxirdd iconcenmparédon dbli the paghtnieaparedide. It
val ue and the next concentration of the organic

pfer alisde pos sédlliemabed skl omsaahendencyoat ran methedsea

in the concentration, and then an operation of the

@@ GlbdoAnt @Mpehatiee 1GREshenpaelirednabhkbgntranged whenhe
it is estimaited to exceed the range of the contro

©2RERALr plirokideUfishebiPaeedCAithokhaCpHERCHeABUTrBA value
enhanced by a technique in which, when activity of the

GakRlYR! nektSablentdati8aUBRCYHAf RRBhY Sl PePBREBBSES
t hereby decreasing the burden of an Operator, whereas,

when ¢k sk ol e qeat: g%sgt ggeg eaagsct har ehy

I ncreasing a variation e concentration of

A5 SRR I gl SOPUERSY, B, BFLHET 5ok cion
temperature may be preliminarily changed when it is
estimated to exceed the raﬁge of the control concentration.
Furthermore, control accuracy may be enhanced by a
technique in which, when activity of the catalyét is stable,
a frequency of analysis decreases thereby decreasing the
burden of an operator, whereas, when activity of the
catalyst decreases thereby increasing a variation width of
the concentration of the organic peroxide, a frequency of
analysis is increased. When the temperature of the
epoxidation reaction is higher than the range of a
predetermined operation temperature and the concentration
of the organic peroxide is more than the upper limit of the
range of the control concentration, it is préferred to
partially or completely exchange the catalyst of the
epoxidation step in view of reaction selectivity. When the

reaction conditions (for example, a temperature) are
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epoxi dation reaction is higher than the range of a
predeterm ned operation tenperature and the

w@onsarisgat i on of the organi c peroxide i s norep¢hawroddssose

upper limt of the range of the control concentration,

it is preferred to partially dr3 conpletely exchange

the catal yst of the epoxidation step in view of

reaction selectivity. Wien the reaction conditions

(for exanple, a tenperature) arechanged, it is

pheheeded ito isepmalfprectihéocorenniyati bheoftohhentration of
organic peroxide in the reaction solution in a

thrs baghhnitaperakiee anl apseretcaibhnmeotaobsodeinng tbastant
retention tinme of a reactor and to feed back data

wheitken reernat 1bbecCofdiut tans abaspHepehbytEbBangednsoon

as to maintain the control concentration in the

pr@SERl anveatieR ABHEtacedeal Bhyk dBEaCwREEREKOBr not the
"after a |l apse of a tinme considering the retention

LRl tysag E%EGF90?%§@? ﬁEh%EdasbaQ§et8fmélhtHEn'Bhe
whi ch the anpun iquid-contained in the reactor

b%n@&%hd%gnganQgtégﬁuﬁg oheaplbguhd EHvQﬁt%HHPhbﬁg
per time"™ when an epoxidation reactor Is an extrusion
I
AcllLRasYeT L Ssgér%%g%bea%%*m. %%h&é"éﬁ?#
h t det t t
Phabt Rt ibal SR SPLPeon bbb B e s -
gecones a stable r ef ana

gRRR &F £ lwﬁnénmﬁ&ﬁh- EnkorRPBRGEP Tt Raht ERL Frgtained

|nt val of the
%B reactor 1s glVlded by the amount of a liquid to be

supplied per time” when an epoxidation reactor is an
extrusion flow reactor (a plug flow reactor), but is

actually means “after a lapse of a time in which those

skilled in the art can determine that the composition of

the reaction solution after changing the conditions becomes
a stable value. It is preferred to analyze again at the
time which is not longer than the time interval of the plan
analysis.

In the epoxidation condition determination step, it is
preferable to systematically determine necessity of change.
of the temperature of the epoxidation reaction and exchange
of the catalyst. For example, when an operator carries out
sampling of the reaction solution after.the epoxidation
step and analyzes in a laboratory, if timing of the

sampling after changing conditions is too early, change of
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analysis . In the epoxidation condition determnation
step, it is preferable to systematically determ ne

woewmedsidsy of change of the tenperature of thePCT/JP2008/055986

epoxi dation reaction and exchange of the catal yst. For
exanpl e, when an operator carrli4es out sanpling of the
reaction solution after the epoxidation step and

anal yzes in a | aboratory, if timng of the sanpling
after changing conditions is too early, change
cslonetidiitnendalsesednonnanyityradaladat ani p acnostsbabl etate
state is carried out, nanely, unnecessary operations

suEc lvaas iednpertat neweliys e uonecesahyyt oprchéngesi such as
carried out, it causes unecononical operation. In
tempreastturiefl rtisel g cathdgsitacechthgedeserarmatdobut, it
whet her or not an action of change of conditions is

RIaopesl yineaohoad calt operaedones tTa benkater,and thusng is
there is a possibility that an operati on under

Uil e teendiete@hs nbt i6ar Whedhewt okOho? hANECtiBR. of
Nanely, it is not preferred that timng of sanpling

hla@lgeC ban @ nali tGeRdi tllsomoparttgocsi%ll)éd%uﬁzoerl BkBomes to
Thus,” it is effective to anal yze the concentrati on of

%Qel%E%anbﬁdp%ﬁgé'gﬁe¥§'QQ g'?o@%lb?l%%gthgtogn operation

executing online analysis instead oratory

%ﬁ%ﬂe&sh gl coh‘dl‘tioﬁ'ssﬁis”%%‘éﬁéﬁy ohlEaEP?ege%ﬂ&ytime.
0 atal'yst is

ange o uCOﬂ Itions or exchange

e 180 Qb oL aking a0eauRh 8" tyRIALS LY g b rter
change of conditions is too early or too late. Thus, it is
effective to analyze the concentration of the organic
peroxide using NIR or LC capable of executing online
analysis instead of laboratory analysis. However, it is
also necessary that necessary change of conditions or
exchange of the catalyst is not carried out taking account
of update intervals of analysis data and time loss up to a
stable state.

In the present invention, it is necessary to include
the following compound having 4 carbon atoms (C4 compound)
removing step so as to more efficiently carry out the
epoxidation reaction and to suppress loss of a valuable
component such as propylene or propylene oxide:

a compound having 4 carbon atoms removing step of

removing the compound having 4 carbon atoms out of the

system in each of the epoxidation step, the propylene
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stable state. In the present invention, it is
necessary to include the follow ng conpound having 4

waaedsam3zat ons (C4 conpound) renoving step SO aBCT/GP00S/@5986

efficiently carry out the epoxidation reaction and to
suppress | oss of a val uabl e cdrponent such as

propyl ene or propyl ene oxide: a conpound having 4
carbon atons renoving step of renoving the conpound
havi ng 4 carbon atons out of the systemin each of the
epoxiveaty ctept epd tthe propyllener ezoder pustiépcatdothetep, or
propyl ene oxide purification step, or at |east one
pasilielach whner @oishie ioas phetrev éhst epspareivenseéepedaréhe
conmpound having 4 carbon atons includes a conmpound
conhaicted.in raw materials or auxiliary raw materials
in a process for production of propylene oxide, and a

conpogne Roa@eted byviegcui rgrbbanheahsspaeiadeBaui Bgmpound
one carbon atom which is derived froman organic

Ren@%iidRd Ant haweR@tkedabignost aixandatherunr paekedals in a
propyl ene recovery step, with the unreacted propyl ene.

%Q%%bsscf%%aﬁgb%§cQﬁohh%fCBQBBQTgnankEQQ naHHth@ompound
i sobut ane,  1-butene, 2-butene,  and isobutyl ene. The

GRTRSLA, o A0 LRSI A LBEOR et A
ﬁﬁéﬁl‘fe(«%‘l’charl% 2 1 GUC e dn! Ont BEGEROXT HRLLRD AR $R: the
epoxidation step and the unreacted propyléne recovery step,
with the unreacted propylene. Specific examples of the
compound include n-butane, iéobutane, l1-butene, 2-butene,
and isobutylene.

The compound having 4 carbon atoms is recovered
together with propylene when the unreacted propylene is
recovered, and is recycled to the epoxidation step. When
the compound having 4 carbon atoms removing step is absent,
since the compound having 4 carbon atoms is an accumulating
component, the concentration in the epoxidation step
increases and reaction efficiency decreases when recycling
of propylene is continued. When propylene oxide is
distilled, the pressure of a distillation column may
increase as a result of an increase in the concentration of
the compound having 4 carbon atoms, thus causing loss of
the valuable cdmponent such as propylene oxide or propylene

upon gas purging for reducing the column pressure.
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t he compound having 4 carbon atons renoving step is
absent, since the conpound having 4 carbon atons is an

w@eamygmedsst i ng conponent, the concentration i n p&EIP2008/055986

epoxi dation step increases and reaction efficiency
decreases when recycling of prigpyl ene is continued.
When propyl ene oxide is distilled, the pressure of a
distillation colum may increase as a result of an
increase in the concentration of the conmpound having 4
car bohatlens, melibsdc adsiregolvasy ¢het kempahindbheving 4
conponent such as propyl ene oxi de or propyl ene upon
gasbpur gitogsf ds gedeeiand yt heedolfomndpesesdtneivhi | ether
nmet hod of renoving the conpound having 4 carbon atons
isepgeaeianl yeabadqles dast alllsat benusetiner separati on
techni ques can al so be used. The position where the

conmpogné Bavikdoh GAkReN tAkOEBMbSUNEMBYOENnyS4atakBast atoms
one position in each of the epoxidation step, the

H%OQﬁh%Q%drngﬁ%rXe%%%poﬁ%dprQtQBEPXheBScHXb@ethe
purlflcatlon step, or at |east one position where the

g%%!%nsk%gé aEEe¢9QB$9ﬁ%ﬂ §B%Bb€kgaék¥goéﬁﬁ the

mst o removi ng the COﬂ'pOUﬂ havi ng car n atons

FQ%%. ?ie oQﬁthquEfl%gQ!ngFQggpr8¥'ange st oneogoaltlon

ation col unn capable parating the co

%&%gtﬁec§ %ee%&%”ssE @‘B&%p¥ﬁﬁﬂgc%x'de in the

yl ene OXi arict e cohncentration of

Bhi f R4 K'”gtﬁec%é?%%d?% M ehSvRhE Bh8PLYnbEAMY

having 4 carbon atoms includes a method of removing by
providing a distillation column capable of separating the
compound having 4 carbon atoms from propylene oxide in the
propylene oxide purified step. The concentration of the
compound having 4 carbon atoms is preferably from 0.1 to
100 ppm by weight in propylene oxide after distillation in
view of balance between product quality and energy required
for purification.

The method of removing the compound having 4 carbon

atoms further includes a method in which at least a portion

of the compound having 4 carbon atoms is distilled together

with propylene when the unreacted propylene is recovered
and a column head component containing a large amount of
propylene is recycled as a raw material of the epoxidation
step, and a column base containing a large amount of the

compound having 4 carbon atoms is removed out of the system.
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100 ppm by wei ght in propyl ene oxide after
distillation in view of bal ance between product

wopaBiitysand energy required for purification. p@hgr2008/055986

nmet hod of renoving the conpound having 4 carbon atons
further includes a nethod in Wich at |east a portion

of the conpound having 4 carbon atons is distilled

toget her with propyl ene when the unreacted propyl ene

is recovered and a colum head conponent containing a
Thegeoarsnirasiiopr ofykFbaecpmppungdcheding 4 cawbon atoms is
mat eri al of the epoxidation step, and a col unm base
poertfeirabdy &3 argéeaspbut wefghheinoppopmiiehavinagbd recycled
carbon atons is renpved out of the system The

cancdetr affi efifatithelgoopouninyavungthecapbrhdatbvos i s
preferably 2% or |ess by weight in propylene to be
teaye¢hied.in view of efficiently carrying out the

epoxi dation reaction. A s described above, it is nore

ef f echisvaekereBeryabdiel herCoBPRYNE BaybhgideCabDOArry out
atons renoving step at at |east one position in the

ahaveongsanubadvehgPrs, caPBoR! 8£6m3bk¥maviRGt Btep at at
positions. This step is not limted thereto, and an

Qegg%teﬁenaxsgeaax QHttBQ'§b§%@pdéécﬁlﬁéep§£eﬁgs'ShQn

by a proper method of renoving the conpound having 4

GPeRaREtamsy, o30E ShatithatiomngondiLbons hos! fentess
thElklatagg XﬁrXperator may carry out this step at a
proper position by a proper method of removing the compound
having 4 carbon atoms.

The distillation conditions in the case of removing
the compound having 4 carbon atoms by distillation vary
depending on the temperature énd the composition of a
reaction solution to be supplied. The pressure is usually
fromllOO to 5,000 kPa, and preferably from 100 to 3,000 kPa,
and the column head temperature is from -50 to 150°C. A
method of stepwisely distilling using a plurality of
distillation columns can also be used.

As the organic peroxide of the present invention, for
example, an organic peroxide obtained by oxidizing an
aliphatic or aromatic hydrocarbon compound can be used.
Specific examples thereof include cumene hydroperoxide and

ethylbenzene hydroperoxide.

Preferred method of the present invention includes a
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depending on the tenperature and the conposition of a
reaction solution to be supplied. The pressure is

woisshbassfd rom 100 to 5,000 kPa, and pref er abl ypér/ormdsdBsose

to 3,000 kPa, and the colum head tenperature is from
-50 to 150 0C . A nethod of stl&w sely distilling
using a plurality of distillation colums can al so be
used. A s the organic peroxide of the present )

i nvention, for exanple, an organi c peroxi de obtai ned
by tbrddcempgisnngl icpkatfpdlowingooridethydr etapbend
conpound can be used. Specific exanpl es thereof
hparodenatdene shygdr oper oxi de and et hyl benzene
hydr oper oxi de. Preferred nethod of the present

I nvenkhhoBxtidakudas saapt badog0aPEisgnguhbef bl 6BLAGN cumene
oxi dati on step and hydrogenation step: an oxidation

siaRopbrexidezi Rgggcunene to obtain cunene
hydr oper oxi de, and a hydrogenati on step of

hydfPQeH9HEB%eﬁH€XBnaE%@BOBfoﬁyék8§3néﬁihaecumyl alcohol
epoxi dation Step in the presence of a catal yst and

BSEXEhEEgihh%héeéﬂg%EBQtEHﬂﬁg€eboihh@hQXbQ%EEHEeSB§Pa

as a raw materi al t he oxidation step. The oxidation

o | ; i s of s
%%Eégg@gtogﬁgp%é%ﬁlhﬁé"?ﬁ%' E’Qshn‘:tfﬁ‘nées&ﬁgﬁgﬁfg’ AN

tarn cune ydr oper oxi cunene
R4 RL SR LaaL S eRab 00, 0 OO BEORL e B e
The oxidation step in the present invention is a step
of oxidizing cumene to obtain cumene hydroperoxide.
Usually, cumene is automatically oxidized using an oxygen-
containing gas such as air or oxygen concentrated air.
This oxidation reaction may be carried out without using an
additive, or may carried out using an additive such as an
alkali. The reaction temperature is usually from 50 to
200°C, and the reaction pressure is from an atmospheric
pressure to 5 MPa. In the case of an oxidation method
using an additive, an alkali reagent to be used is an
alkali metal compound such as NaOH or KOH, an alkali earth
metal oxide, an alkali metal carbonate such as Na,COs,
NaHCO;, ammonia, (NH,)3:COs, or an alkali metal ammonium
carbonate salt.
The hydrogenation step in the present invention is a

step of hydrocracking or dehydrating/hydrogenating cumyl

alcohol obtained in the epoxidation step in the presence of
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Thi s oxidation reaction may be carried out w thout
using an additive, or may carried out using an

waddisti2ases such as an al kali. The reaction tenperBIrRMES/055986

is usually from50 to 200 OC, and the reaction

pressure is froman atnospheril® pressure to 5 MPa. In
the case of an oxidation nmethod using an additive, an

al kali reagent to be used is an al kali netal conpound
such as NaOH or KOH, an alkali earth netal oxide, an

al kaltialystaltocabbenat eusetk, asnNaZ2€08clNagiCthe resulting
ammoni a, (NH4 3CO3, or an alkali netal anmoni um
cameaeate sakt oxTHathydr egepabison shepmahethal poésehe
invention is a step of hydrocracking or

dehydrabnngtbydr oganatdeg euvnglfrakeehel yobtaiyoed tlmene,
the epoxidation step in the presence ofa catalyst to

eblial RtepmeReprafd raBeyClhRgitlecnesulti ng cunene to
the oxidation step as a raw naterial of the oxidation

SeBRdrhRi8hdardt8qehhicebant |y recycle cunene, this
step is preferably carried out b

y
dehyd [ ati-an. ;+Ih dpat i [
demydp Sabiudseasetran, T0s, depydoatsopesy o ud:

g@%@%ﬁ?fbﬁ@aﬁhgﬁ 59 %h@f@%ﬂ&zgéﬁﬁPﬁaE%%¥ig ;?yS?B?gP%gion

styrene and wat e nples™o S

450G MR BUSRER S ABHE SR PISP Bhbiprcs or

- Pol-teteSu oxi des
2UEN188¢2%h! 12t 88 YILD8uet L3RS suEh §8 5B furic acid,
phosphoric acid, and p-toluenesulfonic acid; and metal
oxides such as activated alumina, titania, zirconia,
silica-alumina, and zeolite, of which activated alumina is
preferable in view of separation from a reaction solution,
catalyst life, and selectivity.

The amount of the dehydration catalyst is an enough
amount to convert cumyl alcohol. The conversion ratio of
cumyl alcohol is preferably 90% or more, and more
preferably 98% or more.

The dehydration reaction is carried out by bringing a
solution containing cumyl alcohol into contact with the
catalyst. However, in a dehydration/hydrogenation method,
a hydrogenation reaction is carried out after the
dehydration reaction, and thus hydrogen can be fed to the

catalyst. The dehydration reaction temperature is

generally from 50 to 450°C, and more preferably from 150 to
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silica-alum na, and zeolite, of which activated
alumna is preferable in view of separation froma

WO e@stized sol ution, catalyst |ife, and sel ectiRCT/¥P2004M055986

anmount of the dehydration catalyst is an enough anount

to convert cunyl alcohol. The Zfnversion ratio of

cunyl alcohol is preferably 90% or nore, and nore
preferably 98% or nore. The dehydration reaction is

carried out by bringing a solution containing cunyl

3086Rel Theorresture Wwst Advhrtegeahydy. fHomevertoi h0a000
dehydr ati on/ hydr ogenati on net hod, a hydrogenati on

k@action is carried out after the dehydrati on

reacti on, and thus hydrogen can be fed to the

cat al yak. hfHeodehydiahi shepeast hoptepnpér atippeyisg o-methyl
generally from50 to 450 OC, and nore preferably from
$50rta308b8E€inedhenptResyerytisaddyansagpous! ¥ hyemvdénation
to 10,000 kPa. The hydrogenation step is a step of

eHPRYkRg ayaRbbrhatliyfencnebhaingdyanthendebydr 8bhe8rting
step to a hydrogenati on catal yst, hydrogenati ng

anfBt Buhestyr eng EE@?@@Yn&OBMﬁéhbngo'Bhe symeagloﬁngtep as
recycling cunmene to the oxidation step as a raw

Eakéw'ﬁhteﬁlﬁﬁe @XtﬂétbQEdéEEBn {pgphydrogenati on

catalyst is a catalyst containing netal of the group

10 or ﬁé gpkggeESEESH Ea ??ggt 20d,SREELT LGt CX8HPL BRing

t hereo nic
metal of the group 10 or 11 in the Periodic Table, and

specific examples thereof include nickel, palladium,

. platinum and copper, of which palladium or copper is

preferable in view of suppression of the hydrogenation
reaction of an aromatic ring and high yield. Examples of a
copper-based catalyst include copper, Raney copper, copper-
chromium, copper-zinc, copper-chromium-zinc, copper-silica,
and copper-alumina. Examples of a palladium catalyst
include palladium-alumina, palladium-silica, and palladium-
carbon. These catalysts may be used alone, or a plurality
of them may be used in combination. When the hydrogenation
catalyst has dehydration ability, the catalyst can be used
alone as a dehydration/hydrogenation catalyst.

The amount of the hydrogenation catalyst is an enough
amount to convert o-methyl styrene, and the conversion
ratio of o-methyl styrene is preferably 98% or more.

The hydrogenation reaction is carried out by bringing
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pl ati num and copper, of which palladiumor copper is
preferable in view of suppression of the hydrogenation

woeastiossss of an aromatic ring and high yield Beaoploesossese

of a copper-based catal yst include copper, Raney

copper, copperchrom um copperZlzinc,

copper-chrom umzinc, copper-silica, and

copper-al um na. Exanpl es of a pall adi um cat al yst

i ncl ude pal |l adi um al um na, palladiumsilica, and
palsbaditdrbacbotainhegeocneshyst stragnbeandelydrogen onto
a plurality of them may be used in conbination. Wen
thethygdr egéhathenceébdlygst hHewdehydr ahian ability,

the catal yst can be used alone as a
dehydration/hydrogenation mathbysta Hheragenatioh tbection
hydr ogenati on catal yst is an enough anount to convert
asheahylest ypuenaftandat Hehganyeishopeaationof @haethyle,
styrene is preferably 98% or nore. The hydrogenati on

t8achiaRogsne@ibhedeqt iBY RaNBENEArsQbHt bAR after
contal ning a-nethyl styrene and hydrogen into contact

%@EErEE@nQak§k¥§tprbﬁﬁﬁgﬁriniQ 8ehydration reaction through
dehydr ati on/ hydrogenati on nmethod, a hydrogenation
BQQCbeEr'§e§§&5t§8n9ubraﬁé9rbé depydeat bep pgachpBiying
Therefore, the hydrogenation reaction nay be Carried
f rating w r [ a h j :

B! LoGpRRRRL L I0cuBber Bl ER, PoncETHOabl hac ion

i out Lng.water ether with a-nethyl
ERLRIET 0Nt Ry BUBRLYLAG Gt 6L LOD Y

yrene to the genation catalyst w thout
Sepaqugngmgek%rbf hydrogen required to the reaction may be

a molar amount which is equivalent to that of o-methyl

'styrene. A raw material usually contains other components

which consume hydrogen, and thus an excessive amount of
hydrogen is required. As a partial pressure of hydrogen
increases, the reaction proceeds more qﬁickly, and thus a
mol ratio of hydrogen/o-methyl styrene is preferably from 1
to 10, and more preferably from 1 to 5. The excessive
hydrogen remained after the reaction can be recycled after
separating from a reaction solution.

The hydrogenation reaction temperature is generally
from 0 to 500°C, and more preferably 30 to 300°C. The
pressure is advantageously from 100 to 10,000 kPa.

The rehydration/hydrogenation reaction can be
advantageously carried out using a fixed bed. The

dehydration reaction and the hydrogenation reaction may be



10

15

20

25

The amount of hydrogen required to the reaction may be
a nol ar anount which is equivalent to that of a-nethyl

wobysansss A raw naterial usual |y contai ns ot hepcT/gpP2008/055986

conmponent s whi ch consunme hydrogen, and thus an

excessive anmount of hydrogen i required. As a

partial pressure of hydrogen increases, the reaction
proceeds nore quickly, and thus a nol ratio of

hydrogen/ a-nethyl styrene is preferably from1 to 10,
aadriredeoptefieiall y feparidteorbactdhe excesgibe carried out
hydr ogen remai ned after the reaction can be recycled

aktiay sepangliengehranra reéactisopredbutbbda. thhe the

hydr ogenati on reaction tenperature is generally fromO

Heh9aRa@fon andanyee pnaf ehabhyd3BgbnaB0OnO€ataliPset are not
pressure i s advantageously from 100 to 10,000 kPa. The

rehydaat hon/ hvdregeRayeanregaebrPNbG@Nabe filled in a
advant ageously carried out using a fixed bed. The

dehydeatiQqr saat k9peapdatherhydr ogenabkopsseact i on
may “becarried out uUsing a separate reactor, or may be

Carri?He°¥ﬁowsb@gtﬂeSEEQE%aBEaﬁBgrbe'Enysoﬁéegﬁréﬁ|ﬁp flow,

that the dehydration catal yst and the hydrogenation

gahgkxs%nge 08% Eik#gg hA glguhti-staged reactor, but
are filled ina single lee ed type reactor in view

f .. The fl b

S R e R T T A R

%E@e%%nggnE?StQB%SSQtth2V895589c'BeEQQEde in the reaction

solution after the epoxidation step is from 20 to 5,000 ppm
by weight, and preferably from 50 to 2,000 ppm by weight
(based on the amount excluding propylene in the reaction
solution).

The present inventors have intensively studied upon
determination of determine the concentration range of the
present invention, and found, in addition to the fact that
the unreacted organic peroxide in the reaction solution
after the epoxidation step is thermally decomposed in the
following steps to produce undesirable impurities or
polymers thereof, the reaction for production of a compound
having 4 carbon atoms through the reaction between chemical
species having one carbon atom derived from the unreacted
propylene and the unreacted propylene, which has
conventionally been unknown. Thus, the present inventors

have developed an excellent method for producing propylene
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the concentration of the organic peroxide in the
reaction solution after the epoxidation step is from

wWQ@0008028B84 000 ppm by wei ght, and preferably frOmR00s655986

2,000 ppm by wei ght (based on the anmount excl udi ng

propyl ene in the reaction sol ®#3on) . The present

i nventors have intensively studi ed upon determ nation

of determ ne the concentration range of the present
invention, and found, in addition to the fact that the
wrricect edpebdanioé pemexkdblynenhencéagt edfiisobutivonf the
after the epoxidation step is thermally deconposed in
epexfidkitonnngestcépsnt giphedutbeumdeger alfl epprpuanti éswer
or polymers thereof, the reaction for production of a
dampagne fhavnngod canbentatbdsni hwhigh tbebyedati narrower
bet ween chem cal species having one carbon atom

deainvad chheanthendnr eachadcpiopyhgae and theoustuppeteding
propyl ene, which has conventionally been unknown.

s, oftha Rhesenlc byapbaksthavendgwebeppdiafe or propylene
excel l ent method for producing propyl eneoxi de, capable

%&1B%miralr<@b|s)év@ﬁl?;a@%lqﬁﬁir%ﬁf 't6' gaey rof pEBﬁy@@ﬁé' datben
reaction within the range of upper and lower limts of

Contrﬂheﬁoﬁﬁ%nﬁbﬁbkoﬁnmﬁﬁ'8@ kﬁeonBéEnE§5598ﬁr ithagoaiow,

conventlonal techni cal range, and al so suppressing

| °§%a%ft1% g%' SfC‘EHBOB?QEn%CPe?éx?ﬁgp%??ﬁe%poxldatlon

propy ene oxi and ‘savi requ 0 puri

%yh%g% Bél%glnwggﬁﬁghgtlg“ﬁ&gh'@%&ugf EHS thus a
one

ntration

catalyst is required to have high activity, or the reaction
temperature must be increased. In the former case, the
catalyst life is substantially shortened and the amount of
the catalyst used increases. In the latter case,
selectivity of the reaction decreases, resulting in an
uneconomicai operation.

In contrast, when the upper limit of the concentration
is too high, the amoﬁnt of by-products produced by
decomposition of the organic peroxide after the epoxidation
step increases thereby increasing a burden in the following
propylene purifying step, resulting in an uneconomical
operation. Therefore, when the present invention is
carried out, those skilled in the art can appropriately
determine upper and lower limits of the concentration
within the above range.

When the chemical species having one carbon atom
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a reaction ratio of the organic peroxide in the
epoxi dation step nust be nmaintained at a high val ue,

w@nubstitass4 a catal yst is required to have hi gh BCL/IR2008/055986

or the reaction tenperature nust be increased. In the
former case, the catalyst lif&ds substantially
shortened and the anmount of the catal yst used
increases. In the latter case, selectivity of the
reacti on decreases, resulting in an uneconom ca
dpeiyedodromn tbenprgsnicwhenorhdeupper geharatefl, t hhese
concentration is too high, the anmount of by-products
ppredueesd riepctewatrposhei unreficthd prgmpilenpetoxpdeduce a
after the epoxidation step increases thereby
laegeaamognd bidr dee compbantiohbowhggdprappbenetoms, and
purifying step, resulting in an uneconon ca

opesaimueh. ehkegef aseconbamnetihénpeReebtepN¥ENteMBViRg the
carried out, those skilled in the art can

apRpebRhidat ahy deker Birng vaRebEbaBdchbABBheht MsiEh0hst he
concentration within the above range. \Wen the

pREPlIaheSBECHRSPHAKNBIoRNEeCANBOBagEger i ved from
the organi c peroxide are generated, these species

reaCtEﬂ&%ﬂe&ﬁ%r@nr%ﬁ%hegtﬁ§98¥h§8ﬁetHyHEQHéESx@dEaégecumene

anount of the cormmpound having 4 carbon atoms, and fhus

H‘gﬁ%g@g%& oBQQEH@dbgaPﬁggﬁgﬁfég m% gfﬂBMEQﬂ tB? cumene

Ioss 0 nt suc

9r08¥|gngsth@r89§ RIE 8ék8§1590£3a§ﬁ§ epoxidation reaction,

alcohols to be obtainéd later are hydrogenated to obtain
ethylbeﬁzene or cumene, which can be recycled as an
oxidation material. However, the unreacted organic
peroxide is thermally decomposed in the following steps
after the epoxidation step to produce a product which
cannot be recycled, thus increasing loss.

By the above reason, it is disadvantageous even if the
concentration of the organic peroxide in the reaction
solution after the epoxidation step is too high or low.

As described above, thé present invention could
provide a method for producing propylene oxide having high-
level effect, which cannot be achieved by controlling in a
known concentration control range, capable of efficiently
carrying out the epoxidation reaction, and also suppressing
loss of a valuable component such as propylene or propylene

oxide, and saving energy required to purify propylene oxide
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Furt hernore, when et hyl benzene hydroperoxi de or cunene
hydr oper oxi de obt ai ned by oxi di zi ng et hyl benzene or

w@wmenes3ss used as the organi c peroxide in thePCT/JP2008/055986

epoxi dation reaction, alcohols to be obtained |ater

are hydrogenated to obtain et 34 benzene or cunene,

whi ch can be recycled as an oxidation nmaterial .

However, the unreacted organic peroxide is thermally
deconposed in the follow ng steps after the

dyoxpdatrods isgepheo cpnogntsasipnoddcthehpecbavaanperbside in
recycled, thus increasing | oss. By the above reason,

ithel sedicsadnasbdgédns evérri theheposndehtioat sbapowithén a
organi c peroxide in the reaction solution after the
epexbdatri eangkepith hdaghhbgbhueackow. A s descri bed

above, the present invention could provide a nethod

for produci ng propyl ene oxide having highlevel effect,

whi ch cannot be achi eved by controlling in a known
ggaﬁpmbrqtlon control range, capable of efficiently
carrying out the epoxidation reaction, and al so

SUpph@%ékH@nbo%% Qﬁeam%@hHabB@sEQHB@Heﬂh $HehsB8cification,
propy ene or “propyl ene oxi de, and savi ng energy

ﬁquk&angeleﬂrk&§c@aeay§8ﬂﬁt96hd%?y eea£59hhhggsibeby

concentrati on of he or gani c per oxi d In the reéaction
l;
BRLUBLODLLEL,LNS, APOKLURLL A0 RPN a2t L Ot ing

gﬁ&ggg %?%ﬁrggegxbgehh%oﬁgggni 8a%ggnkair in an oxidation
step. An epoxidation reaction solution (2) containing
mainly propylene oxide, cumyl alcohol, unreacted propylene,
and cumene was obtained by passing the oxidization reaction
solution and propylene through a reactor filled with a
titanium-containing silicon oxide catalyst in an
epoxidation step. The unreacted propylene (3) was
separated and removed from the resulting reaction solﬁtion
(2) to obtain a reaction solution (4) after recovering
propylene. The reaction solution (4) after recovering
propylene was used in the following Example 3 and
Comparative Example 1.

First, the reaction solution (4) after recovering

propylene was separated into a fraction of a solution (5)

containing mainly cumyl alcohol and cumene and a fraction

containing mainly propylene oxide in a propylene oxide

purification step, and then the fraction containing mainly
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an oxi di zation reaction solution (1) containing 31% by
wei ght of cunene hydr operoxi de was obt ai ned by

wEXigiZsag cunene with an oxygen-contai ni ng gascK/e2008/055986

in an oxidation step. An epoxidation reaction sol ution
(2) containing nmainly propyl e oxi de, cunyl alcohol,
unreact ed propyl ene, and cunene was obtai ned by
passi ng the oxidization reaction solution and

propyl ene through a reactor filled with a
piroayilemecortidenvag dibttdhedxiwdéhcat plysélihyant
epoxi dation step. The unreacted propylene (3) was
sépaiatled iandcoémusdihcdndihg eesubhtthgnreadtddstillation
solution (2) to obtain a reaction solution (4) after
secagettongaptiepfyl predudheqneadtiyofBosebutinna(Bgropflene
recovering propylene was used in the foll ow ng Exanpl e

dxaad cewparali VRegxadphg the Firhstiohhefrenet&®bution (5)
solution (4) after recovering propyl ene was separat ed

bamaan&h@cmﬁlgf cBm§?! HiE8Ro( Shn8OBLAEAENICcHRY D! ¥1cohol
cunyl al cohol and cunene and a fraction containing

mRisnkyrReeR¥HERE Qxagﬁy89a€18509¥588§oHXhH8 hydrogenatlon
purification step, and then the fraction contalnlng

g?'gEXBBO M'S”ﬁyang8n§@§oH'§géh'€8 BHED; A Bhﬂégéltwhich

istil atlon colanms inclu g extraction an

aln gElgﬁ %?e@ﬁetSXgéﬁkiEéu gggét quality to

prop ne oxi gardi ng the
;{ 2405, 0% (R oBLHLL B0, (b ok L P TR
specification.
Example 2

Fig. 2 is a flow chart showing a concept of an
epoxidation condition determination step described in the
specification.

Thus, it is possible to enhance the accuracy of
control of the concentration of an organic peroxide in the
epoxidation reaction solution (2).

Example 3

In order to confirm the effect of the present
invention, the‘amount of a compound having 4'carbon atoms
produced was inspected by the following method.

The compound having 4 carbon atoms is recovered and
accumulated together with propylene when the unreacted
propylene is recovered and, therefore, purity of propylene

used in the epoxidation step decreases and effective
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was subjected to a dehydration reaction and a
hydr ogenation reaction in a hydrogenation step to

wobdosiizssganene, whi ch was recycled to the oxi dP@EIF2008/055986

step. Fig. 1 is a schematic flow chart described in

the specification. Exanple 2 Flg. 2 is a flow chart
showi ng a concept of "an epoxi dation condition
determination step described in the specification.

Thus, it is possible to enhance the accuracy of

epokiok tabnt heacdnoentisaprermentedn endadbespefozri daliable
t he epoxidation reaction solution (2). Exanple 3 In
apaebneatcsnthr mst beoef/flent ot pheppilesentxideenttons when
t he amount of a conpound having 4 carbon atons
peadwedd owas oifngpecisgdtby.t he fol |l owi ng net hod. The
conpound having 4 carbon atons is recovered and

accumgbayed it eget hetcwibh BoORYLene (whencbheainiggcseds by
propyl ene is recovered and, therefore, purity of

REQBUkeBe 5§%§gu%nhh%xﬁﬁex'Q@tW%nb§t@El%ﬁ%f8§3@§m9mdalcohol
ef f écti veepoxi dation reaction is prevented, and | oss

ghdasﬁabuag&ew%qgﬁgn%@tcaMeHeasaﬁaoexh@agnghgpﬁepxksg9lene)
oxi de occurs$ when renoved out of the system

%Q%e&e§gk ggriﬁlub&%Byﬁé%e(EﬂnEQEHbﬂg % 6% QXh contalns

0.2% by weight (2,000 ppm by weight) of cumene
hydroperoxide, and 33 g of propylene which does not
substantially the compound having 4 carbon atoms were
charged in a 200 ml autoclave, and then heated at 150°C for
4 hours (containing a temperature increasing time) under an
autogenous pressure. After cooling to 80°C and »
depressurization, the gas generated was completely
recovered and analyzed by gas chromatography. The
concentration of the compound having 4 carbon atoms in the
recovered gas was 0.006% by volume. The reaction solution
after depressurization contained no cumene hydroperoxide.
Example 4

In order to confirm the effect of the present
invention, a relation between the concentration of the
compound having 4 carbon atoms and energy required to
purify propylene oxide was inspected by the following
method.

Main components of the reaction solution after



10

15

wei ght of propyl ene oxi de, 26.7% by wei ght of cunyl
al cohol, and 55.5% by wei ght of cunene, and contai ni ng

woopnegyd ene) after recovering propyl ene i n BExanp008L055986

, Which contains 0.2% by wei ght (2,000 ppm by wei ght)

of cunmene hydroperoxide, and 33 g of propyl ene which

does not substantially the conpound having 4 carbon

atons were charged in a 200 m autoclave, and then

heated at 150 OC for 4 hours (containing a tenperature
deoreasiingzetaeh dnd8xkamplauBogeneusnpigssdre. TREt pesults
cooling to 80 OC and depressurization, the gas
gerernat etlowas inofpbétkelly recovered and anal yzed by gas
chr omat ogr aphy. The concentration of the conmpound

having 4 carbon atons in thebilecovered gas was 0.006%

vol une The eaction solution aftor
V—OHLHHE- He eactt+oh—Sso-tHt+oehR—artelf

denscgsidmal | op cont aFRBACRET&LIRRe hydr dpe?@ki Ry Point
Exanple 4 I1n orfder to d&nPyrheifgbtéffect af the (°C)

pr esempdungent i pn, a rel ati on between the
condevtimat i4on of the conpoln@Ohavi ng 4 carlbon atl@ngo 4
anthrdyoer gytanesqul red to purify propyl ene oxi de was

| nspeepglehy the follow ng nethod. Main cdmponents  of
the rgaggeon so] ution afteréeBressurization in Exgﬁple

3 VT A yZed[ The Tesults; afe as shown [ i Tabl g54.

TéHh?lialcohol 26.9 202

Example 5

The same operation as in Example 3 was carried out,
except for using the reaction solution (4) after recovering
propylene described in Example 1, which contains 0.5% by
weight (5,000 ppm by weight) of cuméne hydroperoxide. The
concentration of the compound having 4 carbon atoms in the
recovered gas was 0.014% by volume. The reaction solution

after depressurization contained no cumene hydroperoxide.

Example 6
Main components of the reaction solution after
depressurization in Example 5 were analyzed. The results

are as shown in Table 2.
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Exanple 5 The sane operation as in Exanple 3 was
carried out, except for using the reaction solution

wa@ 4)osatizesr recovering propyl ene described in Exap008i055986

, which contains 0.5% by weight (5,000 ppm by wei ght)
of cunene hydroperoxi de. The cthcentration of the
conpound having 4 carbon atons in the recovered gas
was 0.014% by vol unme. The reaction solution after
depressuri zati on contai ned no cunene hydroper oxi de.
Exanple 6 Nhln conponents &hbﬂhleeactlon solutlon

Were rvrzad

e Y o T R e TR T

tExanple—1 The sane ( )l e 3-was
caPrpedngubavérgept (for usi RgPPhe reactijon soldtd &% 4

(4) eaE%kan rade@®fer i ng propyl ene described in Exanple 1

. Rimookilenat aknde2. 0% by wei §h of cunene 35

hydr operumdrde. The ¢oncentraisan of the |[conpoundl52

havicagy4 eaebaplatomin the aecpvered gas was 0.DFa%

by volune. Further, the concentration of cumene

hydr operoxi de in the reaction solution after
depressurization was 0.02% by weight. As a result, it
Wwespegatd vehbiampdeadount of the conpound having 4
carbon atons generated is nore than that of Exanple 3

or 5 Thgngamgueperation as in Example 3 was carried out,

except for using the reaction solution (4) after recovering
propylene described in Example 1, which contains 2.0% by
weight of cumene hydroperoxide. The concentration of the
compound having 4 carbon atom in the recovered gas was
0.074% by volume. Further, the concentration of cumene
hydroperoxide in the reaction solution after
depressurization was 0.02% by weight. As a result, it was
found that the amount of the compound having 4 carbon atoms
generated is more than that of Example 3 or 5, and thus
loss of a valuable component such as propylene oxide or
propylene of Comparative Example 1 in the propylene
recovering step of the present invention is more than that
of Example 3 or 5.
Comparative Example 2

Main components of the reaction Solution after
depressurization in Comparative Example 1 were analyzed.

The results are as shown in Table 3.
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| oss of a val uabl e conponent such as propyl ene oxi de
or propyl ene of Conparative Exanple 1 in the propyl ene

WO emsnEssng step of the present invention is npCEIRAE8055986

that of Exanple 3 or 5 . Conparative Exanple 2 Main
conmponents of the reaction soB@tion after
depressurization in Conparative Exanple 1 were

anal yzed. The results are as shown in Table 3 .Table 3
A boiling point of each conponent was shown in Exanple
4, 6 and Cbnparatlve Exanﬁ&ble 30t is found that the

buupuuuu IId.VI LLL®) ’-I' cat UUII d.l UlTd ID [ Ilglll UUIB

Conﬁmmuhe\mgse b@phcqmgtmlpn Kg @On"@algatbvel y Can%)pOlnt

t ] e—oXt uﬁr, culu lIIUD rectt i clatton—+s
d&hgﬁg% h%zﬁ? parate prop?l@ﬁ@ oxi de. A conparﬂ@bmo 4

= + = [P W]
[} Lol L [lU |aU| \) | C\fcal Cu l ||al CIlITI
) NPY§§Qé¢ el 2 @ IR ) NNEL
1 9 o C Al at < U1l O UIlu ||aV| LILI = U dAdl DUIll
reaUT e ,ﬂs.WAﬁ..n“n TR L: e O un D152
at T 1 11 U I CT1IC UAT UC T T ||c LAY/ C1
cumyl. alcohol " o 281 Propy! .“E EEEIEEg02
Ny \l nﬂ ofaon v'\ nrw\nr t Cvanmnl aoa 2 ol mra + an
P Ul | LI} U LU CP T Pal all VC |_/\a||P| \y - S TTU1 C‘ CTTAarl

t hat |n Exanple 4 or Exanple 6 .CLAIMS 1 . A nethod

for producing propyl ene oxide in which the

concent pat 1 9Agopo 8AtL 0b GaBkEh PESBELAENnt Nwas I €AGHH Oin Example
solution after an epoxidation step is from20 to 5 000

QP”Ban&BCGHEaPaﬁﬁéeOﬂxhﬁﬁl@nPuntI@XQEUﬂbﬁﬂdpEH@N|€W@

in the reaction solution, the method conprising the
£8hbBWHAIHEY SRS 4 carbon atoms is a light boiling compound
whose boiling point is comparatively close to that of
propylene oxide, and thus rectification is required .to
separate propylene oxide. A comparison between Table 1, 2
and Table 3 revealed that energy required to separate the
compound having 4 carbon atoms from propylene oxide in the

propylene oxide purifying step in Comparative Example 2 is

more than that in Example 4 or Example 6.
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an epoxi dation step of reacting an organic peroxide
Wi th propylene in the presence of a catalyst to obtain

wonragubksse oxi de and an al cohol; a propyl ene rpCDYEINYS/055986

step of recovering the unreacted propylene in the
epoxi dation step and recyclingthe resulting propyl ene
as a raw material of the epoxidation step; and a
propyl ene oxide purification step of distilling the
propyl ene oxi de obtained in the epoxidation step to
obtain purified propyl ene oXiARBIS2 . The nethod for
produci ng propyl ene oxi de according to claiml

wherein the concentration of the organic peroxide in
the reaction solution after the epoxidation step is
firom 30mkeahdd0@0 rppiroBycwaiggbiropgietdeobxtile aapuwhich the
excl udi ng propylene in the reaction solution. 3 . The

ohked that iphodiciang opapy keperoxide aacar deagtioal sbMition
1 or 2, further conprising the follow ng step: an

@EQékd@hl@ﬁo&@&@thbﬁnsﬁébe&§1@@meQOSE§DSQBOUEE§MVbpgweight
the concentration of the organic peroxide in t

Haael ef %ﬁbubhgﬂn%fEﬁ&lhh§n6p9¥bg9lbﬁe §heEh@n9eactlon
determ ni ng necessity of change of "conditions of the

%BQﬁkqgh'OQhétﬁgth%d g SgﬁggggyEg%e@é?gUﬁ %BsEeFS:S

propyl ené oxi de accor

' furgﬁe p8§€85%§ HQSEQE E%lkgg%ggng an organic peroxide

with propylene in the presence of a catalyst to obtain
propylene oxide and an alcohol;

a propylene recovery step of recovering the unreacted
propylene in the epoxidation step and recycling the
resulting propylene as a raw material of the epoxidation
step; and

a propylene oxide purification step of distilling the
propylene oxide obtained in the epoxidation step to obtain

purified propylene oxide.

2. The method for producing propylene oxide according to
claim 1, wherein the concentration of the organic peroxide
in the reaction solution after the epoxidation step is from
50 to 2,000 ppm by weight based on the amount excluding

propylene in the reaction solution.

3. The method for producing propylene oxide according to
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step: a conpound having 4 carbon atons renoving step
of renoving the conpound having 4 carbon atons out of

wo bsayssem i n each of the an epoxidati on steppPCt/E008/055986

propyl ene recovery step and the propyl ene oxide
purification step, or at |east32one position where the
respective steps are connected. 5 . The nethod for
produci ng propyl ene oxide according to claim4 |,
wherein one or nore distillation colums in the

piepyl &nerolj déuptheti canpoisshepthe efobkbowing attépast
one position of the conpound having 4 carbon atons

r enovangepbrpdandohheonant tohr détemmibfiat hen cotgo unt
having 4 carbon atons in propyl ene oxide after

flesbubiayi enei oheentPatibn d00tRPMdbyanet ghéréxiddhen the
nmet hod for produci ng propyl ene oxide according to

ebakMdnoEsodut i¥heE eLArOBBe ObpHRI Batlishi stahi Hild
col ums di sposed at the position where the propyl ene

H@E@¥ﬁ£ﬁiﬁ?eﬁebésQQBQGSEeéhﬁh?E bhecERaxt dah 0pr StRP
are used af at | east one posifion of the Conpound

Qgggggaéigﬁrggg atons renoving step and the
concentration of the conpound having 4 carbon atons in

propyl ene used in the epoxidation step is 2% by wei ght
or less. 7 . The nethod for produci ng propyl ene oxide

g?8g;?%ggg%g§$§gfggepggdﬁk§hgsp%o£91gné g@fégigcggéging to
any one of claims 1 to 3, further comprising the following
step:

a compound having 4 carbon atoms removing step of
removing the compound having 4 carbon atoms out of the
system in each of the an epoxidation step, the propylene
recovery step and the propylene oxide purification step, or

at least one position where the respective steps are

connected.

5. The method for producing propylene oxide according to
claim 4, wherein one or more distillation columns in the
propylene oxide purification step are used at at least one
position of the'compound having 4 carbon atoms removing
step and the concentration of the compound having 4 carbon
atoms in propylene oxide after distillation is from 0.1 to

100 ppm by weight.
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et hyl benzene hydroperoxi de. 8. The nethod for
produci ng propyl ene oxi de according to any one of

web@sn®3zd4 to 6 , wherein main organi c peroxi depaEIP2008/055986

cunene hydroperoxide. 9 . The nethod for producing

propyl ene oxide according to ciiim8 , further

conprising the follow ng steps: an oxi dation step of
oxi di zing cunene to obtain cunene hydroperoxide; and a

hydr ogenati on step of hydrogenating cunyl al coho

@bt ai Tee methbd €poxpdativonngt ppobrlehe prédensecofdang to
catal yst and recycling the resulting cunene to the

@liadat Mo rsbepwaeraihavneaber nakkeotithe laxtdahi oalumns

st ep.

disposed at the position where the propylene recovery step
is connected with the epoxidation step are used at at least
one position of the Compound having 4 carbon atoms removing
step and the concentration of the compound having 4 carbon
atoms in propylene used in the epoxidation step is 2% by

weight or less.

7. The method for producing propylene oxide according to
any one of claims 1 to 6, wherein main organic peroxide is

ethylbenzene hydroperoxide.

8. The method for producing propylene oxide according to
any one of claims 1 to 6, wherein main organic peroxide is

cumene hydroperoxide.

9. The method for producing propylene oxide according to
claim 8, further comprising the following steps:

an oxidation step of oxidizing cumene to obtain cumene
hydroperoxide; and

a hydrogenation step of hydrogenating cumyl alcohol
obtained in the epoxidation step in the presence of a
catalyst and recycling the resulting cumene to the

oxidation step as a raw material of the oxidation step.



