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WD 2008/ 123384PCT/ J1P2008/ 055986 1 DESCRI PTI ON METHCD
FOR PRODUCI NG PROPYLENE OXI DE 5TECHNI CAL FI ELD

The present invention relates to a nmethod for
WoQHskrbiRgs Propyl ene oxide. More particul arl ypc1ipg0s/055986
present invention relates to a nethod for producing
propyl ene oxi de, conprising alstep of reacting an
organi ¢ peroxide with 10propylene in the presence of a
catal yst to obtain propyl ene oxide and an al cohol (an
epoxi dation step); a steg of recovering the unreacted
propyl ene in the epoxi dabFHREENand recycling the
resulting propylene as a raw material of the

epoxi dation step (a propyl ene recovery step); and a
15step of distilling the . e i Lned in

t he epoxidatW@HHQPeEOQdﬁg%®§$ﬁ£pﬁg?gﬁ%%&bgggéFene

oxi de (a propylene oxide purification step). This

nmet hod has excel l ent effect capable of efficiently

. i dat i i on, d al

o AR R oD . Soval uabl e component such as
| A ' [

ot SHE, BEaREAP AR %) (o1 e S8 5 e B Foter

] : batant Bubl i . ) .

23350EE GaT ISEA A6 G188, ML RRrceRal SEtE opresent

g:g.?%e ¢k 09, VR 2008/ 123384PG1L 4 Rrf)O %ngéﬁg§ﬁg 2o S RAPERRNBxide,

, CONprising an epoxli dation Step, a propylene

; %&%‘ﬁﬁ‘o‘ iﬁh ep. s & %Qevlﬁ%ear%@%n@er pbi&atdOWith

urthernore, Japanese Unexam ned Patent

fpgzkr}lois?g%tlg _niﬁ Kﬂlf@i;)relggncgo%'é)%a@ygits €b 08Kt #h Prop9dene

cl ng
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 required 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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5propyl ene oxide in which the reaction is carried out
at the concentration of cunene hydroperoxi de of 2% by
wei ght or less as the concentration of an organic

WOPesi9Rsd N @ reaction solution upon the congdzipbddsioszdse
the epoxidation step. 10However, it was inpossible for
t hese conventi onal nethods t02eff|C|entIy carry out an
epoxi dation reaction, sufficiently suppress |oss of a
val uabl e conmponent such as propyl ene or propyl ene

oxide, and to ,sufficiently save energy.in a_propyl ene
OXPERP Y FRief PEARE o CRIRIGS I 8D SPIE ﬁQrSFEB enent

has been reEU|red DI SCLOSURE_OF TH% | NVENT rifidion
ObPERY YeBepECGRATEY tF Wy PRE PriREU S BRE PErPYE TS
25%%%%3. EeEhattons, oPrReker MoPk i GhRr s Bty B Hisation
g%?}?aeﬁpwﬁinggbg"%&ﬁn%%gﬁosso%maaén%%%%ga? I
Zp%&?%ﬁnsﬁgé?éer' Rridh, dRenBerFLL B IR ERRELE BT st the

Sscoam]‘[ ZWr%tig &I.r?grﬁe) '%"yd?gi%ék&*ﬁdeo QJfStZQpbglawelght or

ne recovery

209@471%%3%5% o%r?% egﬁxl g t% n b £ ge%kuiénﬁntahe

propyl ene 0X e epoxl on step to

Ob{‘%&l W isg'lﬁgl&;l olﬁych?%eoébﬁlﬁlé@l&{ Y kBRCepSk f@ation

pur Ication ste e met hod having excell ent effect
e-of efficiently carrying out an Sepoxidation
reactlon ~and al so suppressing | oss of a val uable

Comon%e%seb 86 PAOPMIIIR 10l e PESPWIRR @¥hdentional
methods to efficiently carry out an epoxidation reaction,
sufficiently suppress loss of a vgluable 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



and saving energy required to purify propyl ene oxi de.
That is, the present invention pertains to a nethod
for producing propyl ene oxide in which the
wongRnbized i on of 10an organi c peroxide in a ARCIACLIOYO55986
solution after an epoxidation step is from20 to 5,000
ppm by wei ght (based on the arount excl uding propyl ene
in the reaction solution) (this concentration of
organi c peroxide is sonetines referred to as a

ration of an_organic. 15

e TSR R B 4
SR g B0 BB BB PLE e A B 82l
ROk 8 TG PRS0 ) WSB! 85
ool LD REe BelfI9 P G5 EREF Bln s udhltha it an

5 Pr 8%16&%%0 ?%SE&(% egan%f a&sggg‘gﬁ%ﬁ%%@y%gsa&% ed

pr o ene i n e epoxi dati on clrng the

r e§gil%gﬂg5 @'ogngé%ggf %%:J@ a&\%WrHB&féﬁ@loxofpﬂoB§lene oxide,

epoxi dat’i on

209&? 123384PELE 1B 008,038 l@_o4puri £y RIRALheNsx fxd de

purification step of distilling the propyl ene oxide

obt ai neg,din 15Nt RROK JAlItORnFERP1 &R PDiRIMsPYE] & idthod
propyl ene oxide. According to the present invention,

[t ebs PRRRIdING bPoPPIad xideMeh o d1ortHy @dHebRBration of
propyl ene oxi de, conpri sing
10 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
15 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
20 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

25 step; and
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a step of reacting an organi c peroxide wi th propyl ene
in the presence of a catalyst to obtain propyl ene

oxi de and an al cohol (an epoxidation step); a step of
weo0sarisgg the unreacted propyl ene in the emegiJzn$/en5986
step and recycling 10the resulting propylene as a raw
materi al of the epoxidation step (a propyl ene recovery
step); and a step of distilling the propyl ene oxide
obtained in the epoxidation step to obtain purified

proPYLene, 06,3, RLaPULEnR 0 5 BULLT Lkl o0 D) wne
o AT £ A0 S 30 PP AR ERoELLO e ain
PRI BLoBERL g gl de. and sayng encroy

CEC RN T SPNGR.E it SRl b o

ggé‘;ﬁ%x?iginef %l lng%gcg?%sr pé‘r?g)l(lféé%)éro .l%iné_aB;{Q@er e@&tﬂﬂ%ing

i‘'onreaction SO1 uti on

20bel s5Eaer THBOOBY 6B S g e o BT o™

af el .ﬂ:%%%\é@éi 88 Prodiche £§)6bt§llrp%ﬂ.r%_ﬁyﬂ§h8|(’lxide and an

containing cunyl al cohol” and cunene (6): Recycle

CUELhol (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
epokidation step (a propylene reco&ery 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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Fig. 2 is a schematic flow chart of Exanple 2. 5In

Fig. 2, synbols *1, *2, *3, *4 denotes foll ow ngs.

*1. Require to confirmeffect after changing reaction
wonoisiibes *2: Keep sane reacti on conditi oreCTVIRLG0B/055986
subsequent anal ysis 10*3: POSSI ble to consider

decrease in filling amount of Scatal yst when reaction
tenperature is |ower than preferabl e operation
tenperature for long period of tine *4: Retention tine

f dat | t S tl t
i Gy ReBr R Cte'oiﬂa%sﬁsrec“%k%” - BF SRS oo

stoéao‘?%g% S é%%fféﬁ%%ﬁ

] XI de with propylene in the presence of a
ca&g gte %b‘f%‘eﬁl propyl ene oxi de and an 20al cohol .

From”&%gv'sggg'ytsc em@R e' E%ﬁg o) %Ckkxlﬁpm th high

yield an selectivi dat i on step is

preferg gl ¥-%8ar% %ﬁrl%u s B thf“ 2 PIE5ENGE 4 an@eggf(ﬁl}éﬁ)tlngs.

conpose mcon ai n| ng sSi ['1con oxl

2 at al kL dr CAAlY Shan Ilse ti
refer %ﬁ‘{y‘ 1E8 {010 BEELCE PR ShonBlfly eaction
silica catalyst Ti which is chem cal Iy
ocnogﬁid1 ' I%r a silicon oxide. The cadtal yst includes,

fory exmbesaﬁe CALAlSh CBn¥hE Sona JHtiQ08BBYEGhdr:
supported on a silica carrier, a catalyst in which a

Tiafz0R2q4Nd is conbined with
*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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5 a silicon oxide m xed using a coprecipitation nmethod
or a sol gel nethod, or a catal yst nmade of a zeolite
compound containing Ti. In the present invention,
woeoarigzsas ¢ per oxi de used as the raw nat er i #HCTGP2G0$B55986
epoxi dation step may be a dilute or 10concentrated
purified material or non- purlﬁled material. The

epoxi dation reaction is.carried out by bringing

propyl ene and an organi c peroxide into contact with a

cat I T t ' '
g ey 1 éi S raSECH St o "Reht el pondea
underha 1§.tl.eL &% & Al a- DL L g;f‘ e_Lnlé[i%HeEhefor hexample,

reac IOﬂ ’ e supstanti Yy i nactive wt

regerl tlyas@d iR REOGHE 11 TREnSGkYEN s Mprhie BRI, Of Alica

exists 1 n an organi c perOX|de sol ution

to%’& d EQF o PYATRLE wpWBEN, S NV RRIABRE is combined with
hycro§%$%X|de or cunenehhydro%erOX|de 'S algoﬁ$x:ﬁ¥% w

Cogtﬂ]fric%gx Qk*ﬂéiét}{?ﬂ?e%{‘%s%ﬂg £ URBE: & itAWi BRt &S or a

hereo I's possible touse the mxture in place of .

Soéchrl}elW'mfelﬂﬁHa a@ﬁ'i‘g:a%a.sﬂkﬁe@éde I0¥ addiebl @8e Gompound
useful” sol vent 1 ncludes -an aromatic nonocyclic

coppoidibgoriexanpl e, benzene, tol uene,
chl or obenzene, or o- 25di chl orobenzene), and an al kane

(octane deeapLes@it HReARO8A 128084 gEnIR208B6REMOEsed as
dodecane) . An epoxi dation reaction tenperature is

gentes atdwy mbtefi 81 tor 2MCepanrildatiqy eftepamhy beom dSute or
200C in view of a reaction rate and econoni cal use of

a EicdinttatedanpunDf Gebpiagbet abl gr fnompRiitfded4ft émial .
vi ew of reaction selectivity.

The epox1dat10n reaction is carried out by brlnglng
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
tgmperature 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. In 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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When the tenperature is too low, the reaction rate is
| ow, and thus the anobunt of the catalyst, which is
required to obtain a desired reaction anmount,
woeosasns: | n contrast, when the tenperat ur @0TgIP2008/055986
hi gh, selectivity decr eases. 10Part|cularly, when t he
anount of the conpound having’4 carbon atons
i ncreases, |oss of a val uabl e conmponent and required
energy upon renoval of the conpound increases. The
pressure E?y be a sufficient pressure to keep a

CECBRCht xture in a liquid state. The pressure is

i;?:ir;‘ I AR iy
ISI’13r ry28g| oper at | o%%etfﬁea]%ﬂz %%?)ne&gr ggp%e er a%’f@l%w of a
usr% ctlo raEQe rg:geerc%tnoﬁgc%f‘%stée oLf Esgai)yét,byarﬂi more

bat™ sem -cont | nuous net

%@efﬁggtrﬁ%"?w@dzs \MaeR ggoti o:ih &P BRFa-BLBE: Gh rseeqcétat%ty.

assed throug e fixed bed, aliqu

mv\'?hte enkr Pode ae@l&teeqsr ﬁgb%vﬁo%engteaeeﬂ&@ﬂa@%s low,
cat al yst, or substantial ly contai ns no cat al yst.

25A9eh Lath O SlouHORY €6/ S5 EaN %, PRho¥hdes 1 RE redlto
2008/123384PCT/JP2008/055986 8 supplled to the

eRPHGat hOBe S AR I debar abint,” Ac2edsks. SO0l coMtedst,
the ratio is too low, the Feaction rate decr eases, and

t hen' @86t L& fiigicenay theCorgs, WolsetiVhiep ddierdaaidso
is too high, the anobunt of propylene to be 5recycled

becewesueleessiwady theC hRAGES, o Arthd kbRpound leneirgy 4i S
required in the recovery step. - The propyl ene

I RGOVORY aBbeP incidusapreions ofNvwenalanble eomp@erdf and
separating and recovering the unreacted propylene in
t hepestddehréody Sirem aeaovetyef itig tdogpound 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 catalfst is advantageously used in the form of
a slurry or a fixed bed. In 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 continuous 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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10recovered propylene as a raw material in the

epoxi dation step. As described above, since propyl ene
is excessively used, the reaction solution fromthe
wpQsistaisson step contains the unreacted promRdTamz0s/135986
met hod of separating and recovering the unreacted
propyl ene fromthe reaction 18sol uti on incl udes a

nmet hod of distilling the reaction solution. The
reaction solution is distilled under the conditions

whi ch_enabl tion of .propyl th
AR G 3a 56 o EPOHIBE SRR LT Ohsh b PRALEE P AL TR 74y to

CERERC 2R 1A S TELRLUES P00 LS GOMORL OO
it USRS B Tttt
"Gt SRELAY S Sl ATugs0uke dA0C: ARG o be
G S S0 A0 IS G818 e e e mcn
DUELLIGP 0P SR 0Tir hpepLESERLy MgRLIon 1o 0 St

epOXid%%kog§§%é?éﬁé3fyd%ygkyagféﬁ‘id)ﬁ%gtﬁkgsgﬂfiiﬂdﬂition

propyl ene 5Propyl ene oxide to be purified is a

i gui g srepnp pedeaf LAY e aavers fdvd il i heaghedacted
propyl ene"fromthe reaction solution of the

epoxdHathani st e apIauaiiBRAs8d®\Ehd recyclUsniglthe an
al'cohol and a sol vent produced in the epoxidation step

ar e dSEPA0pBYp Pl Sid ldsatal @Awt RaOdEAilN ia ther gplexidation
propyl ene oxi de. The crude propyl ene oxi de

gegespl | Wscassat ied\aibeive, asbidé anrodydieneald @xcessively

oxygen-cont ai ni ng conpound as
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.



impurities, and the hydrocarbon includes a hydrocarbon
having 3 to 7 carbon atons. Exanples of the oxygen-
15cont ai ni ng conmpound i ncl ude met hanol, acetal dehyde,
W6 8b@eNS3s4Pr Opi onal dehyde, and net hyl for mat ect/sp2008/655986
the nethod of renoving these inpurities, for exanple,
known separation techni ques sfich as distillation,
extraction, adsorption, and crystallization nmay be
20appropriately used in conbination. However, the

crude propylene oxide is preferably purified hy usin
ext r acThenPEPRY}enearrdAe WPk B 4afdodc aFBBnO%aR}%/%Q’r?SgBt
10 carbon atons as an extractant in conbination wth

t HOVsDhéPRdiSt7 |FtAA 64 PHPISEW RS ter PEPRKESRE %W ng
wat er, a hydrocarbon, and 25an oxygen-cont aj ni n .
CRRRAAES T B0 RPPTASSBAPETS S SO0 GAEEOLEE P Lo obtain
Exampl es of the h drocarbon having 7 to 10 carbon

atRite T469: RECRYYSGIR P£® ncl ude |inear saturat ed

hyd b h . - hept . n-Qct -

hy 3 bo0% SHER. 58 BB NERs 05! 31l d Yilitneg

2, 2-. 5di net hyl t 2, 3-di pret hyl .

2 TR LD s ST A RSR 0t reaction
t yr.at ed _hyd o] .th . b1

A Syl S5aane PhoLEal oo Realdiblan oo

: A . ér
of an: HOBAEFRC ot ebel P e PR, PARgRERT e

of an tion i on colum er

OIS\ AEh g COLYThe 28nBYEEALY A AL O L QNBUAR o

ractant are appropriately determ ned

ac&q_{ég ??P%gl&l;}g 3d ty of a product to be required.

Thé pur propyl ene oxide thus obtained satisfies

15deSiﬁ§Q e&gg%mﬁréﬂyﬂehhyoxide_g&ﬁg%d¥I9S@Bhtéfﬂ%ﬂﬁéﬂ@i, a
preferably 1 ncludes the foll owm ng epoxidation

contJRRRERT ehkk N ik g8heBsn 68 Bind @oiPbanacayr at el y
control the concentration of the organic
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 haviné 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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per oxi de thereby enhancing the effect of the present
20i nvent i on: an epoxi dation condition
determinati on step of measuring the concentration of
wioeoewigmsed ¢ peroxi de in the reaction sol uti CTAPLS/055986
the epoxidation step and determ ning necessity of
change of conditions of the 2%8poxidation step. WO
2008/ 123384PCT. JP2008/ 055986 11 In order to
nmeasure the concentration of the organic peroxide in
the reacti sol ut.i.on,after_the oxi dati pn ep,
nown RECHBUES eh e TOSHCCREGY AP VPR v By B arbon
aﬂé&@é&s' Gal (RCCHAGY AR R0 0% U {hal %Fﬁsﬁrﬁéfpeocg o
(iodonetry), bnear infrared analysis ( , or liquid

c *}[&Pdl%tcg%é‘f??y lgclhc)asc ?[—‘hQStéﬂr?&d (rp—ro%\flagg d ﬁ%namen afld n-

measuri ng sanpﬁe cont ai ns° propyl ene, It s necessary

todeféérn%e,%réﬁ‘&xéﬂfassag:‘i&%% ﬁ?ﬁﬂn%a%bk%gt BEch as 2,2-

concentration excluding propyle re specific

XA Ry hehibndE fﬂ%dd%leﬁﬂpiﬁéﬂéajﬂég  bhe_dimethylhexane,

10concentration of the organic peroxide includés a

MeLROG , B0g e Ry 13ARINERTahd ERYdthad telt hpdrdcd fmsency
required for those skilled in the art control the

caifeRrbrat | o Maithengr §885E LaREtd8tkNcdhed aaEd @lone,
solution after the epoxidation step within the above

cyrenmiathpd s tan Boexswwl e, a frequency of
once a day, and the concentration of the unreacted

or gani ¢hpenddd ecyipe @aat bpélteeh o danaithensboy ey ange

by carrying out an operation of decreasing the

I eatiriaenibr npestallla ioh tbtumpaxidiathes desicilletishep

within a range fromO to 200C, preferably from25 to

2Qumn, an operation condition, and the amount of the
extractant are appropriately dgtermined 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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20and nore preferably from25 to 140C (for exanple, an

operation of decreasing the reaction tenperature by

1C) when the concentration of the organic peroxide is

WOWers/i2¥88h t he control concentration of the RT4RH0E/055986

per oxi de of the present invenﬁion, or by carrying out

an operation of 25increasing fhe reaction tenperature

(for exanple, an WD 20081123384PCT/JP2008/ 055986 12

operation of increasing the reaction tenperature by

10 wh o) ratio f ' rQd LS 5

hi gher eI?ﬁw%%g? ﬁegﬁgﬁarsg%gcggge%%%ﬁr%%g? ﬁt ﬁg 15g%r(égg>(r?1:idgl§nc

p " S n ldat i

o e e e PP M hiationy

CONCENT KAblAMmOEnddiE QhIBRI Gs R8T OXidR Ve, COAPAI&A o th

t he past neasured value and the next concentration of

t he, D 3akae REEREEE 2% eshindten f4taPnantensenGlbddhnetry) ,

an increase in the concentration, and then an

opesAt 119 rabeihend BAGH QRTADS edPerRfudide cRBYm&ography (LC)

prelimnarily changed when it is estimted to exceed

t hear 0@sel (PRoeHd @hatOoWkentd aldairifiyr $IPI®IBntains

control accuracy nmay be enhanced by a technique in

whbedbylehen actiyidacesdbathetcatatyedt ithesiabberenent

frequency of anal ysis decreases thereby decreasing the

15hmdan eb ahe opRiGnerat bR €8sl uditen paopi véne. Jof t he

cat al yst decreases thereby increasing a variation

wi dt h oforehepeohtiamntaxatpbn of tle nrthaid of pesmixiadd,ing the

frequency of analysis is increased. Wen the

t ecperaattuneiof ¢Helepoxipdalic operescis dmcilydés gherethogn in

the range of a 20predeterm ned operation tenperature

anehitdie seppi éng r s irrdedt bet ozlgani fir qerengy deedwl nask gor

than the upper limt of the range of the contro

corfoess sktiléad in the préf eenbrol othparcongehyrafion of the

conpl etel y exchange the catal yst of the epoxidation

staqganicy pereside eqrithenrsarketen \salptigReafipe the

25reaction conditions (for exanple, a tenperature) are
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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WD 20081123384PCT/ JP2008/ 055986 13 changed, it is
preferred to reanal yze the concentration of the

organi c peroxide in the reaction solution in a
VOoree8aasst ate after a | apse of a tine consiR{E1IPHGS/H3e86
retention time of a reactor agg to feed back data

whet her or not the 5condition3Tare properly changed so
as to maintain the control concentration in the

present invention nore accurately. The expression

) aéréq%r tqoha $€iRfrédini®en cp&setq%w @gmbgfafﬂeerﬂy qrac;)

use erern nmean atter a apse of a tine

mw%ﬂgh the éHHHéﬁtfgtf%ﬂ bgutﬁ%<H¥Ha%1@ege%9kﬂdéfﬁé higher

reactor is divided by the anount” of a liquid to be

SURRIH @8ePBEnt Lo coM@AL AR BROX 13h0BrE8ALE PerokiBB. It
extrusion flow reactor (a plug flow reactor), but is

actdialilsy BBaESol @fichsa, | 89sahdthed torbD Mbtndy,t Bose
skilled in the art can determne that the conposi tion

ofmelthidde i heari ¢t 1dkbot mddRirechabgbgtidCion of the
condi ti ons becones a stable value. It is preferred to

analgena cagaidx Bde tie dompRradiwith $heopakongessurtean vahee
time interval of the plan analysis. In the epoxidation
caifdi tthenndget etdhdwaitranishepf tile ioxgaApeeperahide tis
systematically determ ne necessity of change of the

t ergdmatedef oém tdh et empiexicgdad f can rimaceasn andtlmxchange

of the catal yst. For exanple, when an operator carries
outorsanplahijomf drtk theactn ovpesdtitononfatherredution
epoxi dation step and analyzes in a |aboratory, if

t itempg ref ut & en@p Jenpirieddmiiawilclchaygord vheniit dss is
too early, change of WD 2008/ 123384PCT/JP2008/ 055986
14estdmdicedobs drcaatl dheanahye idfalthgacantrod errrentapltéon.

state
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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is carried out, nanely, unnecessary operations such as
tenperature rise or catal yst exchange is carried out,

it causes uneconom cal operation. In contrast,
w.20esn233gd i S 5t oo | ate, the determ nati on WRET/RRO0§PS5986
not an action of change of conditions is properly
carried out or becones to be Mdte, and thus there is a
possibility that an operation under unsuitable 4
conditions is carried out for a long tine. Nanely, it

' t f d that tim f [ ft .
SR hE B0 2L S 9 BlhEtncrerion of
it ffecti to. | th t i t
o P BB b e iR Mt R PER CERS B B3R L d Renstant
| I ' ' t .l ab | . i .
T P e R R L A BTN  Serenc ton
Co@lqﬁetl c%ng Q%aééoxe)%qbar{%efgfa?tgfc Q:{a%lay%le{:ﬁ Poér not the
carri eé’ out akKkl ng account o up ate I nt erva?s of

[ t i t bl e )
an@é%&ﬁoﬁg &@%@éﬂé}ﬁ. n:@ﬁlé?lj@d & B ShaPhei §EME the

I n"the present I'S necessary to I nclude

t h@or{%&;%ﬂeeﬁw iRAYHhB O Ae SADARVRLOIEN (e

compoun 20renoving step so as to nore efficiently

CafidhitkitnNe BROXLAMIQIoheasttOn ANdpke sHPPIESR
| oss of a val uabl e conponent such as propyl ene or

Pr o i@ReiYi ffe retention RiREMPEEY HRF¥iAOmdakariGter a
atons renoving step of renoving the conmpound having 4

cajdyye 0B oMé O WHiRh2Baysheslnt) cFaehl@fuidecontained
epoxi dation step, the propylene WO

20081123384PETE JA2 008/ 10BEIBY e raeamer wEshepiand thebe
propyl ene oxide purification step, or at |east one
posigpldrRdnper et ihe” nespeahi epostdgisicar eeachoectecn The

conpound having 4 carbon atons includes a conpound

Scantiraisied ihowavearstoar i(al plog Hlow [Mearcyoraw bt ers al s

in a process for production of propylene oxide, and a

c carptouarld ypmednis eta fiyerr @adeprg chearittale $pewhieh hehdsey

one carbon atom which is derived froman organic

pesloilee iin the apoxdadatietrrsinp tmt tthe gampesikibn of

propyl ene recovery step,
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



10w th the unreacted propyl ene. Specific exanples of

t he conpound i ncl ude n-butane, isobutane, 1-butene,
2-butene, and isobutyl ene. The conpound having 4
war0en2ssons i s recovered together with promBATeRe0HPRspB6
the unreacted propylene is 15recovered, and is

recycled to the epoxidation sﬁép. When t he conpound
having 4 carbon atoms renoving step i s absent, since

t he conpound having 4 carbon atons is an accumnul ati ng
conponent, t ncentrat i n e . xi.dat i

TR e P Rt Ot Lor ety e, e R R Ware
recycl i 0 pr e..l ' r
A S S e e G
CoL UL NEE &S, ubg iIsNCHL@R$Eq | Sl h
co-Jﬁc n I:r%%ﬁlr%n o?gtcﬁreac}(%ggﬁdgh%%%%&iscgr bon&ét ons, it

th&'§u§eaéj%in%goéeﬁ§cé’lf dis a¥abuabl g, GUMQAgR! $HCHIfhg is
propyl ene oxi de or propyl ene 25upon gas purging for

redyei NG & Nenheoh MdBretidhewheMeér or not an action of
20081123384PCT/ JP2008/ 055986 16 While a met hod of

r eapM o&h%oﬁaﬂfEBHBjﬂ%@%&ﬁﬁeﬂl?aﬁiﬁﬂléﬂigﬁﬁ b8 becomes to
generally used for distillation, other separation

t el HUES apaNtRhS ke iSeda Fb8s posiiidyorhwhese égwration
conpound having 4 carbon atons 5is renpoved is at | east

ONEndOS iinisRA t kPl €acdhdift ibhe epoxisiatddust €pr &hbong time.

propyl ene recovery step and the propyl ene oxide

punarid At ii@Nist 8Pt Mife falr re@ashabNeingiony toifosambei gy tafrer

respective steps are connected. Specifically, the

netiatheoio fr esnii tifpride scaopouadl  Ghavioeg 14tear bDims, it is

atons includes a nethod of renoving by
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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providing a distillation colum capabl e of separating

t he conpound having 4 carbon atons from propyl ene

oxi de in the propyl ene oxide purified step. The
WOrreesizi3dt i on of the conpound havi ng 4 car boCTARP9E/035886
preferably fromO0.1 to 15100 ggn1by wei ght in

propyl ene oxide after distillation in view of bal ance
bet ween product quality and energy required for

purification. The net hod of renoving the conmpound
having 4 c n [ i n¢).ugde . '
At R0 R TR SRSt LR B LR e, on

Cac{tb%a%ttogﬁgi %ogiéjféd Lad Logel wsggctatggergw eng-shen

t he  unreacte ropylene 1's recover a col um head
cQ t.gcontaining a large anount of propylene is
Uikt

recycle s a raw material of the epoxidation step,

and a G@l.UpBnpPasts GUHidlgNhNga Aod2ASnAMHRL u@s td&ompound
25conpound having 4 carbon atons is renoved out of the

SY&rfiRi ne¥Oi R0PB 13384 BETUR2 0084053996 rdv dll€erials in a

concentration of the conpound havi ng carbon atons is

- prfRiaakl )fo%"/piadenh&Si%nb)bfv\@k@ﬁBMér{é ARy, easdt® dfnpound

recycled in view of efficiently carrying out the
egpdiclioByr eagtt oy bdmidesCipdreiksabavengi dné ScdByoh
effective to carry out the conpound having 4 carbon
atniem,r @ER¢hNYs SAEPi v’id Fromeas oy iRopetrbrNdé Nin the
above described steps, and preferably at both

pasiddicias iohhssepta ithenahréadtdd pridpgiieho, revovary step,
operator may carry out this step at a 10proper

positth ahebynaepeoptpropyiledeof $mamifiing ekhmptespoiinthe

havi ng 4 carbon at ons. - The distillation

C aruliptounas innlude rcaseEaok, r ésovirand,hd -botpoend2 tavieng,

4 carbon atonms by distillation vary dependi ng on the

t enpkrigobutcydedet he conposition of a 15reaction

solution to be supplied. The pressure is usually from

100 t o TheOOOomkeand drayvipgefiecabbyn fatoms10e recgvepsl

kPa, and the colum head tenperature is from-50 to

1590@etherewhbd prorylens sbep Hhetunygasiedsprgpylene is

plurality of distillation columms can al so be used.
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 cémponent such as propylene oxide or propylene

upon gas purging for reducing the column pressure.
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20As the organic peroxide of the present invention,

for exanple, an organic peroxi de obtai ned by oxidizing
an aliphatic or aromati c hydrocarbon conpound can be
wWoems/1gpeLi fi ¢ exanpl es thereof include cunmer@E/JP2008/055986
hydr oper oxi de and et hyl benzene hydr oper oxi de.
25Preferred nethod of the preé@nt i nvention includes a
WO 2008/ 123384PCTOP2008/ 055986 18 met hod conpri si ng

the foll ow ng oxidation step and hydrogenati on step:

an OX|%%;|gn st % dh%bg cggene oun?tﬁav1§qune
hydroperOX|de rogen qttron

hyég %P%kbﬁg fyn¥gn§#$ qhohsggt§$fnﬁ%§€1lggﬁlo?, o%Per

epoxi ion step BreSence of 4 ca

r e§¥49a@905h€e5§?%4é§%a%ugﬁgs 5O (e OX dat i on st °p

raw mat er| the oxi dation step. The oxidation

step 'r’l‘h‘ethB£€§&E‘twﬂék\ée%‘hﬁ%ohﬁo&&th%l%moﬁ OXHS 7 | s

cunene to obtaln cunene roper oxi de. Usudal ly, cunene

| s; QutmRkhical! ye %éj.ﬁtz%%euﬁbggt%h Oy @akh 89”&1% ni ng
gas such as air or oxygen concentrated air.

OX&SIt QR i bRASEEON THRY PRepyRehé et ey LhEY taﬁ'&"ﬁﬁa an
additive, or may carried out usi ng an addltlve such as

anpdaikakl oxT8E PRI ibRMBEESS Wre aitS 18858l bive Tdd¥Dtion
50 to 200C, and the reaction pressure is froman

at RS ehieCrp5 PSSR (st epsMEe ddnidiease of an
oxi dati on nethod using an additive, an al kali reagent

to be spedifscaniyl kald m@@hal 60 npansvd nguehe aSomypAhOr

KOH, an alkali earth
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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20 nmetal oxide, an alkali nmetal carbonate such as
Na2003, NaHCO3, ammoni a, (NH4)3CC3, or an alkali neta
ammoni um car bonate salt. The hydrogenation step
wo 2008@823884€5€ent i nvention is a step of hydr oecagkiongosssss
dehydr at i ng/ hydr ogenati ng cun¥l 25al cohol obtained in
the epoxidation step in the ptésence of WO

2008/ 123384PCT/ JP2008/ 055986 19 a catal yst to obtain
cunmene, and recycling the resulting cunene to the

OhiRLO1eSLER: 35, B B TELelL ly 8L 0S PO O sons 5o

t ' f bl i ed t. b :
o a5 4 3 4LV SR Ee B0 pramyanpm i parapiied
[ t f ppl yi [ . bt ai je h
L5 raeef PHRNCHEY A oLt aLRE L

a-nethyl styrene and water. Exanples of catalyst to be
ugchR%SPUde acids such as sulfuric acid, 10phosphoric

act d._aRdaPslOIMENSRULLONI € ALIbrAREsHBENe A WRiry out
such as actTvated al'um ha, titania, zirconia,
S'ﬂﬂec%bﬁFUml@q?a zepLitsn DlomdhireRodchy vatgs at at

alumna Ts preferable 1n view of separation froma

r %%%Qtoenéo%&éi&%n Gat eh¥Sibdid Ges2Rdpe! 8€dpy tand
15The anoun

of the dehydration catalyst is an enough

a;{ﬁlé"f%r'éﬁl ORY &S dt 1 YKk + 8b£HN0kn i sTRE epONY EiSE OMNinlidletio
of cunyl alcohol is preferably 90% or nore, and nore

prgfcaicabl, Y a88% P lop@htor They detwids atuitorhi sastdrt a
carried out by bringing a 20sol ution containing cunyl

al r bBEOtLONALT PirbPet e RIAIOLS trembloi®y eihe icompound
dehydr at 1 on/ hydr ogenati on nmet hod, a hydrogenati on
r ea6iingn 4i GagBer iadmeut after the dehydration

reaction, and thus hydrogen can be fed to the

cat al yThe dbstielatdioat condiehois dm tthepeast W nemoving

25generally from50 to 450C, and nore preferably from

15%hd @ompound 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
from.100 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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WD 2008/ 123384PCT/ JP2008/ 055986 20 300C. The pressure
i s advantageously from 10 to 10, 000 kPa. The
hydrogenation step is a step of supplying cc-nethyl
wbybenessept ai ned in the dehydrati on step to mCT/IP2008/055986
hydr ogenati on 5cat al yst, hydrogenati ng cc- net hyl
styrene thereby converting int8 cunene, and recycling
curmene to the oxidation step as a raw naterial of the
oxi dation step. The hydrogenation catalyst is a .

cat al yst containing:netal of the group 10 or An t he
Pate e CPBBY &S 1nhFhrodpddPying tdent fik ‘F%o?n

i ncl ude ni ckel {%IIadlunl plati num and copper, of

\Mﬂ¥ﬂ¥ﬂ€§PPEH?%n§ Picopper is preferable in V|em10f
suppr essi

ar omat 28 PthLB%Q$H$%ﬁJ§ :ggtlon reaé%kg? 6 &tain cumene

ggp r-based cat al i ncl ude copper, Raney copper,
ﬁ@P 18RS copper zinc copper chr oni um zi nc,

pal 1 adrulvePar Lt B ERLS b Aapmed Tl Rt Saconen
PRRIoEl 2h L e fo&ga%]%'lkﬁdgygg G 90 P}Egs&g?e 9f a

ca Sts may one, of a plura

%#ﬁyﬁe a”f%’%ﬁ@l&?i {89 5 tr“f ChudsgepaLion

yst ion & the catalyst can

%-%Ch@hogf §%é hyg{%«gm&é?{‘éf%’f Q@eNBki 99t £ asl,aei:t

The amount o enation catalyst is an enough

anount 4@ Sgﬂaﬂioﬁ%%t Byl tﬁéyﬁfé‘heenta'iﬁvEHﬁlon is a step
conversion ratio of cc-methyl styrene is preferably

98% YxilR%Eng 2alend Y 0BeR2% | AlndiRAHYI@BpEBoLSdd | ed

out by bringing
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, (NH4)3COs, 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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WO 2008/ 123384PCT/ JP2008/ 055986 21 a sol ution
containing a-nethyl styrene and hydrogen into contact
with the catal yst. However, in a

Wohyekraisspn/ hydr ogenati on net hod, a hydr ogensiT/axem08/055986
reaction is carried out after a dehydration reaction.
Therefore, 5the hydrogenati onlPeacti on nay be carried
out after separating water produced in a dehydration
reacti on through oil-water separation, or nmay be

carried out by supplying water together wth a-nethyl

styreHeystt e PRRBHSVEEPEn %’é&sa‘ig%}%}iciﬂ‘ﬂhliﬂ? res“tylng
separating water., 10The anount of h%rogen.rqu#r dto
t heImeRse (H00 i Frag* 1Rt o PEFP aftD Ut T th PER ST §2 &t valent

ORI OB AEPD CoMPORNEE. GAi ERE RO ROt o re mang
a8 PSP C 8PS TR Ry 66RTa1 s Bibes, the reacti on
A DGER AR SETARE" < pr et erabl y from 1 to 10,
hydr ogdne SRATAER Kl Ehn At R st R CARPRE e o

afatl éofoﬁp%gggkﬂgdf{rpmh% %ﬁg%&hg&&?!s‘ﬁép‘”&o 205 dration

hydrogenation réaction t erature is generally TromO

to. 20 th/starﬁg gﬂf%uf :og—fnnﬁtglglly s80rd e 3Cwathe. prﬁ%t‘éﬁl%s of

i s advant ageous to 10, 000 kPa.

re@&%Hg?QtOQEhMQrﬁ@@ﬁ”ﬂﬂdyﬁdEeQElagr%dEH1aQesulfuric acid,
advant ageously carried out using a fixed bed. The

2 Alilc08 s @At Pp-2Rd bR sHY H5:0Ge Rt P Nah@akd tan
may be WO 2008/ 123384PCT/ JP2008/ 055986 22 carried out

USh P SRRAM Ak CadeBfdt¥d aQimiBY, bei ik, ediodbnitsi Ng
a single reactor. It is preferable that the

de@i’ﬁi%iaqnmea&aléﬁsd Al itthe Bydkepenaidtaracaiahysiina is
ar;;;¥2rable in view of separation from a reaction solution,
catalyst life, ;nd 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



10

15

20

25

filled in a multi-staged reactor, but are filled in a
5single fixed bed type reactor in view of cost.
The flow of the reactant nmay be any one of an up flow,
soadosn2Bsow, and a trickle flow The |RGTPELN08/055986
aspect of the present inventi g is that the
concentration of the organic 8 roxide in the reaction
10sol ution after the epoxidation step is from20 to
5,000 ppm by weight, and preferably from50 to 2,000
wehght c i'n I
PG  1BY A, 13 55Tt e 1 T, 806
i nfgnsi vel y studi ed upon 15determ nation of determ ne
thé concentration range of the present invention, and
found, L4 .0t a t ?ﬁﬁt -
organighgeggg%%%ggﬁﬁgﬁeg?%%cf%aaqg%Fh??oﬁﬁg tefﬁ?ﬁémethyl
ey dabi Bht $18R 1% ther GBh {¥r ASCRMRee8d b Na tKiRirogenation
fol'ow ng steps to produce undesirable inpurities or

2QRQVRES hP@rSfdnatliRe &eREER PN JtQirePeOdHELEBN dnv@rting

conpound ﬁaV|ng 4 carbon atons through the reaction

batweerukbBRE] Cald HRRYCESnHaVimhON® EGALDORi@I0IBn step as
derived fromthe unreacted propyl ene and the unreacteéed

propuenateth ClohameCorRYEat iGmaldep .been unknown.

Thus, the present inventors 25have devel oped an

excel | @t ApAFeferiayiopr edugl ygt propylcanel y¥O containing

2008/ 123384PCT/ JP2008/ 055986 23 oxi de, capabl e of

r etakablfy teé hgurmipgng oebti ti encytiof Relrd odpoxTalele,omnd

reaction wthin the range of upper and lower Iimts of

Caipiecdlf icoaxamp Yt itherenfii thclwddynifckelpapablhetiurhan a

conventional technical range, and al so suppressing

S5ipdetiofimaandl eaxides,cofpwhich salcladdimppypgbRprr drs

propyl ene oxide, and saving required to purify

pro@flegableximeview of sWhpness$ieon mierthie] hvdregenaidon

concentration is too low, a reaction ratio of the

oragagitdopepbxanicajapatiie spogiard ilviwhsivdglaustExpuples of a

mai ntai ned at a high value, and thus 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 catalystf

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

The hydrogenation reaction is carried out by bringing
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10catal yst is required to have high activity, or the
reaction tenperature nust be increased. In the fornmer
case, the catalyst life is substantially shortened and
woeomneised of the catal yst used increases. |RCTIIR2008/055986
| atter case, selectivity of the reaction decreases,
resulting in an 15unecononica?10peration. I n
contrast, when the upper limt of the concentration is
too high, the anount of by-products produced by
deconposi.tion of the organj er.Qxi e e .
eﬁbf£@5338ﬂ %?%ﬁ?ﬁqﬁﬂgegsggkﬁ%gr%ﬁﬁfeg%c?é§s$¥éﬁé§%ﬂJﬁagﬁ
in the follow 20pr en i fyi tep, resulting
i n““ﬁﬁe‘f‘:’%)ﬁ%mﬂgealCE"E)EF‘S’{eiS%Itk i'oﬁl.{%\}eerréf g?’e,g when t he

pr ' [ ' CL , L j [ 8
DI AP SRR OGR! R, L BOSECRIALEGh e dion
Ofy 4 e coNgeOlE Asedlt W LBhDat i ADOKRCHEREC. ARl bre,

t he chemi cal species having one carbon atom WO

208/ %ﬁ;ﬁggﬁé’g{éﬂ&? 4Q8/093888a ¢ HdQlair¥edal 60 dfteer

or gani OXl de are gener at ed, these specl es react

Widddhab3@ 1 HR' SR L HryaRR¥bens 4 QdHyREIUESoA FaE&E AHMMWAbugh
of the conpound having 4 carbon atons, and thus mnuch

eNANGYsak & r COOSAFRG dnf) bEemﬁ?eﬁbcﬁaﬂfiﬁaVbﬁﬁ bfesupplying
5conmpound, and | oss of a val uabl e conponent such as

PRABEreRBgOELEF ORWIEREM@XhYE &HEFf@@S@5. the hydrogenation
Furt hernore, when et hyl benzene hydroperoxi de or cunene

hyehitangsexidenobt aldpedalbyngxwalied ng et hyl benzene or

cunene i s used as the organic peroxide in the

epoxi dahkoAmb @R td OMydt0akaohednsi terl te ahetaresctiat etay be

are hydrogenated to obtain ethyl benzene or cunene,

whi edvleanaleureositladd ias egnivxlalat iton thmteof ak-methyl

However, the unreacted organic peroxide is thermally

detymeased Anrdwendtadial ngusikpscaitadénst hgher components

epoxi dation step to produce a product which
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/a-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
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15cannot be recycled, thus increasing | oss. By the

above reason, it is disadvantageous even if the
concentration of the organic peroxide in the reaction
wol2oasi1ea3s4af t er t he epoxidation step i s too HCFHPLN08/055986

| ow. As descri bed above, the gresent i nvention could
20provi de a nethod for produc %g propyl ene oxi de

havi ng hi gh- I evel effect, which cannot be achi eved by
controlling in a known concentration control range,
capabl.e .of effi.cientl [ t I datloc

et Ea buf el L R B L P P B 80ea out

cQIRQagent o g@ﬂ q%a@;:ggyl epe or e%ex_tgsps éﬁaocxitgg %d

savi ng ener required to purify propylene oxi

ngérg]ﬂggggéf @4%35%985955%@ Yégirx%éiegggi&g’l ait'?igy%lﬂeare not

chn tration o e organic e Iln the reéaction

S%litﬂeaniﬁf 4 Gy 1td1€ seRQXL IALA Qb St BREVAEDI £1 18 JARH HORET
range with high accuracy. 5Exanple 1 According to the

neliRadedesedd B ithpbhe SPESH firL RlibANo £ At X di zat i on
reaction sol ution ) containing 31% by wei ght of

cuneneThY df DREIGIXitHe Yasc e RimRd bRY afyi i IdT) apUEBN€1ow,
wi th an oxygen-containing gas (air) in an oxidation

1@stepn Alowpidat teckeactisw sol ution (2)
contai ning mainly propyl ene oxide, cunyl alcohol,

unreactrd D4BLteACpeatdof WRNHraenebigvdiaidy is that
passi ng the oxidization reaction solution and

prepYy beneettraiigh afr enet orgdrild e@drokidle ain the reaction

titaniumcontaining silicon oxide catalyst in an

lzepakxidatafrerstite. epbeidat sactsadppiepytene Ip Was00 ppm

separated and renoved fromthe resulting reaction

sblyutvebght, 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



10

15

20

25

(2) to obtain a reaction solution (4) after recovering
propyl ene. The reaction solution (4) after recovering
propyl ene was used in the follow ng Exanple 3 and

WO Goanzessit | ve Exanple 1. First, the r @83UP®A8/055986
solution (4) after recovering_propyl ene was separated
into a fraction of a sol ution? 5) containing mainly
cunyl al cohol and cunene and a fraction contai ni ng

mai nly propyl ene oxide in a propylene oxide

iy 66 éﬁﬁ%fﬁéﬁﬁ%@aﬁ%nﬁ%@?ﬁ%?%%#% o ghe

Ol 1‘&6%19+5%é44t91% i P Aldddoe B BbSLE 14 10fer

un?s I nc ng ex racti on an on so as to
S tl 0]
i SR 5, ) 0 ST

aﬁ%%%@'nbggv fﬂﬁ%lpggﬁhn§559r¥3n§3“jd%ﬁ”ﬁ@@o éﬂﬁﬂﬂe551ng

subj ecte dehydrat’i on reaction and a
hﬁQﬁQQ%QaE'QQlﬁ§E¥§'dBﬁpreﬁth%ﬂﬂpgﬁﬁﬁkaQléﬁéﬂbﬁ‘bropylene

obtai n cunene, whi was recyc ed to the oxidization

St@fide, and saving E‘egru:.%eﬂst@ eig Elh@ﬁ\é chairde .
described in the 10specification. Fi g.

2 is aghbAWgbaAdwerNQWnRE 8f ca@etmnc@fnt@ate@@xwaidoonow,
condition determ nation step described in the

SREGIdaicEabh0Pat il B hel brisn ®SSd 1)@ de0 iaNbiRE cCepdxdidlation
accuracy of control of the concentration of an organic

Pty @RsiktNbé hea BMInddt heNa rebgH ivalueo! ehiothi)a

Exanple 3 In order to confirmthe effect of the

pr&fRillyst 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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20i nvention, the anount of a compound having 4 carbon
at ons produced was i nspected by the follow ng nethod.
The conpound having 4 carbon atons is recovered and
wouisnbsted toget her with propyl ene when t he?diPeeas/essp6
propyl ene is recovered and, therefore, purity of

propyl ene 25used in the epoxiaétion step decreases and
effective WD 2008/ 123384PCT/JP2008/ 055986 27

epoxi dation reaction is prevented, and |loss of a

bl _ h |
oiia Vst SRR 9:blsiPe PR e SoaBLoPUYShese
th ti | ut.i i.ni 9% '
o A efachariie B Bhrpfeled dhoipdnl e Pl
and 55, 9% EéFm@f e Yom Bﬂﬁgeha@ﬂpg GoRL3HBh th&{?s,l and

propylene ter recovering propylene in Exanple 1,

WAL %ﬁ%}}agﬂér%& iz.i(.)d/é’e F&%g%ﬁjnggt if 20 HRMRY réfb ety tofe

cunene roper 3 g of propyl ene whi ch does
no t apgi GRIRALTY Mafodnd SaEROLs at ons
mé%g&%ﬁggzegﬂgn?%%%é%hﬁl gutoclave, andnthen heat ed at

150G Alkn? BRUpSof PNALRIRE BnélimRysAt ure i ncreasing
time) “under an aut'ogenous pressure. After cooling to

80C ang~48BLeasHE ] zdroRthl/IBe8ASn HeRIrabedoi®8e or cumene
conpl etely 15recovered and anal yzed by gas

C Y PURIRALRRAY - ol e B9Nbk 881 PihPle i@ beanpnenst cumene
havi ng 4 carbon atons in the recovered gas was 0. 006%

byi & Q8 asThBe  88§4drn i@ peebuidenimfdiey epoxidation reaction,
depressuri zati on contai ned no cunene hydroper oxi de.

Exargdi® 14 20| Be ObBiesirtedl aankir aré heydfdoenttefl tdieobtain
present i-nvention, a relation between the

coseyiiedizicns of ¢lmercgnmubind bawiley reayallkednaat @ms

and energy required to purify propyl ene oxi de was

i nepietdtddnbyatbeiébl | duiweyemet hivel. 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



25Mai n conponents of the reaction solution after W)
2008/ 123384PCT/ JP2008/ 055986 28 depressurization in
Exanpl e 3 were anal yzed. The results are as shown in
wWabdos/1384Tabl e 1 Conponents Concentrati on ( ®CHYP2008/055986
wei ght) Boiling point (O Con‘gound havi ng 4 carbon
atons 0.001 -12 to 4 Propylen Soxide 4.0

by controlling the concentration of the organic peroxide in
the reaction solution after the epoxidation step within a

narrower range with high accuracy.

Example 1

According to the method described in the specification,
an oxidization reaction solution (1) containing 31% by
weight of cumene hydroperoxide was obtained by oxidizing
cumene with an oxygen-containing gas (air) in an oxidation
step. An epoxidation reaction solution (2) containing
nainly 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



10

15

20

25

35 Cunene 57.5 152 Cunyl al cohol 26.9 202 5Exanple 5
The sane operation as in Exanple 3 was carried out,
except for using the reaction solution (4) after
wecoesrszg propyl ene described in Exanpl e 1,PGHAIPeI98/055986
contains 0.5% by weight (5,000 ppm by weight) of

cunene hydroperoxi de. The 10 @&ncentration of the
conmpound having 4 carbon atonms in the recovered gas

was 0.014% by vol unme. The reaction solution after

" % by vol ure. ' er
e T A e A T

af

re

égﬁﬂelpart‘i%ﬁ“%%so{iﬁic{liggﬁgﬂfg%;?t%’\ﬁro% ana! ¥7&%11M8on

S are as s

2008/ d233P 4B I PPBURTEYRG1 28y TEO dbt2 160 UPRAGHY fene

oxide product. Regarding the fraction of the solution (5)
containing mainly cumyl alcohol and cumene, cumyl alcohol
was subjected to a dehydration reaction and a hydrogenétion
reaction in a hydrogenation step to obtain cumene, which
was recfcled to the oxidization step.

Fig. 1 ié a schematic flow chart described in the
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 pefoxide 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'car50n 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



Concentration (% by weight) Boiling point (C Conpound
having 4 carbon atons 0.002 -12 to 4 Propyl ene oxi de
5.2 35 Cunene 55.2 152 Cunyl al cohol 27.4 202
wonpsriassae Exanpl e 1 The sane operatl on as RAT/JExmsmisess

3 was carried out,
27

epoxidation reaction is prevented, and loss of a valuable
component such as propylene or propylene oxide occurs when
removed out of the system.

60 g of the reaction solution (4) (containing 8.6% by
weight of propylene oxide, 26.7% by weight of cumyl alcohol,
and 55.5% by weight of'cumene, and containing no propylene)
after recovering propylene in Example 1, which contains
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 4
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 sclution after
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5except for using the reaction solution (4) after
recovering propyl ene described in Exanple 1, which
contains 2.0% by wei ght of cunene hydroperoxi de. The
worpoasni2s3as i on of the conpound havi ng 4 car barCTAIPRIUB/HF5986
the recovered gas was 0.074% by volunme. Further, the
concentration of cunene 10hyd@éperoxide in the

reaction solution after depressurization was 0.02% by
weight. As a result, it was found that the anmount of

N R T S

val uahl e 0 ch as bropylene oxi de or

15ap]feopayﬁ gﬁgaﬁf%ﬁb}%agi've Example 1 in the propyl ene
recovering step of the presgpi.ifivention is nore than
that of Exanple 3 or 5. Conparative Exanple 2 Miin

corrpeglge‘gg s Qfs the reactdoogesbratiam after Boiling point

20depr easur | Zatilon i n Gémbar weigket)Exanpl e 1 wer ¢°C)
afal yeespboulitde rgsults are as shown in Table 3. WO
2008/ A233RARCTOH2008/ 055986.801 Tabl e 3 Co':rponemesto 4
Coneenbsmatdtems( d5 by wei ght) Boiling point(C) Conpound
havi 'Byopylene 4.0 35
oxide
Cumene 57.5 152
Cumyl alcohol 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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4 carbon atons 0 .005 -12 to 4 Propylene oxide 4.8 35

Curene 56.1 152 Cunyl al cohol 28.1 202 A boiling

poi nt of each conponent was shown in Exanple 4, 6 and
P@f13dskye Exanple 2. It is found that the foamrpms/os3oss
aving 4 carbon atons is a light boiling conmpound

whose boiling point is conpar&bdively close to that of

propyl ene oxide, and thus rectification is required.to

separate propyl ene oxide. A conparison between Tabl e

1, 2 and Table 3 revealed tha ﬁ eper gy required to

separate the 10 conpound RELT ﬁg 4 carbon atonms from

P[OPY! EoEpHErdE | N the Roapyhehgt Dod de [muiilfiylgngoshep(”C)
i h Conparative Exanpl e a%lgynwéggm@an tlhat i n Exanpl e
A P oA A Babing 4 0.002 “12 to 4
carbon atoms
Propylene oxide 5.2 35
Cumene 55.2 152
Cumyl alcohol 27.4 202

Comparative Example 1

The same operation as in Example 3 was carried out,
except for using £he 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 éolution after
depressurization in Comparative Example 1 were analyzed.

The results are as shown in Table 3.



31 CLAIM5S 1. A nethod for producing propyl ene oxide in
whi ch the concentration of an organic peroxide in a
reaction solution after an epoxidation step is from 20
WO 280808838ppm by wei ght based on the anpbunt eBEVIRA0F/GS5986
propyl ene in the reaction solgbion, t he net hod
conprising the foll ow ng step3” an epoxi dation step of
reacting an organi c peroxide with propylene in the
presence of a catalyst to obtain 10propyl ene oxi de and

an al cohol ; a propylgggl%eyovery step of
recovering the unreacted propylene in the epoxidation

sfep capghdeseyc! i|nedhgr £asuht tmypwfaﬂtsgﬁ Beibingapeint

terial of thelepoxidation step: vl ene (0%} de

pJFWﬂﬂ@@?l%ﬁ”@ﬂqp of distiblégg the propy ene -axi g 4
obt’aiCAERPT ALPRS | ih ourified
p-BESHYSRES 418 and-a—sgnpég$d~having 4 karbon—3tons
r brovi- Ren ofl +eorpving tHalconpound hali-ng4-34rbon
atoFeueledalnd oocyct em i3 dach—oi—thebn 202

>y
epoxi dation step, the propyl ene recovery step and the
propyl ene oxide purification step, or at |east one
posi t i anbuheirg the ntepfieebcl ecaiEpendr gasoanew cich Exafiple
claim1, wherein the concentration of the organic
pet,0)6 dedi Gompreratdarst Eaampbé U2 orltafitseifouhd that the
epoxi dation step is from50 to 2,000 ppm by wei ght
basagoundt havimp ihtcagkohudtons proopy [ldgati hoi hing compound
reaction sol ution.

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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5 3. The nethod for producing propyl ene oxide
according to claiml1l or 2, further conprising the
foll owi ng step: an epoxidation condition
determi nation step of neasuri the concentration of
the organic peroxide in the 10reaction solution after
t he epoxidation step and determ ni ng necessity of
change of conditions of the epoxidation step. 4. The
met hod for produci ng propylenernexi de according to
15claim 1, wherein one or nore distillation colums in
the propyl ene oxide purification step are used at at

| east one position of the conmpound having 4 carbon

atons r%@%%bﬁgf%&e%r%ﬁﬂcH% o%@%&?ﬂ%&%tb d%f Ep%hlch the

conpoun havin rbon a propyl ene oxi de

|| at f 0 1
SR Y L o

to claim4, wherei,n on .nore_di IIa colunns
ait&5os ed SR g dsm i® p\/\lfr(?r tOrTeSZ;S)r ﬁyl é Or SE8Y &Yy weight
step i s 25connected with the epoxidation st re u§§

éaasgfi cEadtie FRRRE SEGIHRDPTIRY

carbon atons renoving step and the concentratlon of
tS9d. UG aFo u kdneh AE the . COREES 1% s ﬁ%l&awr%eﬁ%d

in the epoxidation step is 2% by wei ght or |ess.

6. The avetepew ifdart imro UM P I rsHA teAY 3 R EREST d?er@mde

to any one of clainms 1 to 5, wherein main organic

pErtdX ipteysl eatehyilrh divee e dpahasperfod d@talyBtTHe mtid

for produci ng propyl ene oxide according to any one of

draipyd ehd @x5,denveardeiam rediavlorlgani ¢ peroxi de i s cunmene

hydr oper oxi de.

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;

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

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.

2. The method for producing propylene oxide according to
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8. The nethod for produci ng propyl ene oxi de accordi ng
to 15claim 7, further conprising the foll ow ng steps:
an oxi dation step of oxidizing cunene to obtain cunene
hydr oper oxi de; and a hydroge ion step of

hydr ogenati ng cunyl al cohol obtained in the

epoxi dation step in the presence of a 20catal yst and
recycling the resulting cunene to the oxidation step

83aam’ W {RLekial 8t ERecextdatieh 8kEePhe 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
claim 1 or 2, further comprising the following step:

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.

4. The method for producing propylene oxide according to
claim 1, 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.

5. The method for producing propylene oxide according to
claim 4, wherein one or more distillation columns disposed
at the position where the propylene recovery step is

connected with the epoxidation step are used at at least
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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.

6. The method for producing propylene oxide according to
any one of claims 1 to 5, wherein main organic peroxide is

ethylbenzene hydroperoxide.

7. The method for producing propylene oxide according to
any one of claims 1 to 5, wherein main organic peroxide is

cumene hydroperoxide.

8. The method for producing propylene oxide according to
claim 7, 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.



