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

propyl ene oxi de. BACKGROUND ARE 10 A process i n which

propyl ene is converted into propylene oxide using

cunene hydr operoxi de obtai ned from cunene as an

oxygen carrier, cunyl alcohol produced together with

propyl ene oxide i s subjeprytrIPTRON 0genol ysis to
obtain cunene and this cunene is used repeatedly, is
di scl osed in Czechosl ovaki a patent 15 CS140743 and
JP2001- 270880 A. Though these processes are conposed
of the oxi daPROGESSe FORe PRODPFQLNG RFRORYLENE OXIDE
hydr ogenol ysis step, it is difficult to say that they
are necessarily sufficient in industrial efficiency.

20 DI SCLOSURE OF THE | An ,ect of the

invention is to provi dyg%gg@&'s ch‘)@ﬁ) efficiently

pr oduei ek L n ISt

i preashe  BhvaRtRH EBIgkLE ko & IHANEL ' s Froaucing
UBt+BPyTERBN@xNWdr,oper oxi de obtained from cunene as an

25 oxygen carrier, the cunene can be used repeatedly,

and further oxidation can be carried out efficiency

thereby being able to efficiently produce propyl ene

oxi de. Nanely, the presdBRACRGRQUND okRTel ates to a

process for producing propyl ene oxide, which
conpri RFOGERE fid} oGy PRopydene 1s converted into propylene

oxide using cumene hydroperoxide obtained from cumene as an
oxygen carrier, cumyl alcohol produced together with propylene
oxide is subjected to hydrogenolysis to obtain cumene and this
cumene is used repeatedly, isdisclosed inCzechoslovakiapatent
C5140743 and JP2001-270880 A. Though these processes are
composed of the oxidation step, epoxidation step and
hydrogenolysis step, it is difficult to say that they are

necessarily sufficient in industrial efficiency.

DISCLOSURE OF THE INVENTION

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

Namely, the present invention relates to a process for

producing propylene oxide, which comprises the following steps:
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2 February 2007 2 oxidation step: a step of obtaining
cuene hydroperoxide by oxidizing cunmene; epoxidgqhggu“y2007
step: a step of obtaining prop&lene oxi de and cunyl

al cohol by reacting cunene hydifoperoxi de obtained in

the 5 oxidation step with propylene in the presence

of an epoxidation catalyst; and conversion step: a

step of converting cunyl alcohol obtained in the

epox octdidiadri o5t eeipnt @ shepnefanttrdoyjold cymeaiedhydroperoxide
cunene to the oxidation step, 10 wherein a

concexidizing ofimengsepoxy- 2- phenyl propane contai ned

in a reaction mxture after the qxidatjon stepjs 1 %

by wePgrddsit iogs stepest fEPR er}ﬂ;w&ﬂ#@e oxide and
I NVENTI 5 The oxidation step is t f . .

PR i iR RE SR bhErulieite By Bebeididle ahgaaned in the
T ic?é{:ggﬁ's%ﬁ&iﬂi% fené‘%.‘ﬁa'lzl!ué! } &gfkﬁfn epoxidation
auto- oxi dat1 o usi ng an ‘oxygen-contalining gas such as
&t @ivOryoggAaconcentrated air. This oxidation may be
conduc¥ed wi t hout use of an additive, and an additive
suchcfvessamnl kakp : may shtepusdd cofverteiargg icamyl alcohol
tenperature is usually from50 to 200c C, and the

rebica ined gmetbarepaxsidation ¢ tieet Weta cunenssphéryecycling said

pressure and 5 MPa.. In the oxidation nethod in which
t FemeRdi P vEnesoxddatisn UM netal conpound such as

NaCH or KOH, | kal | he metal co
Al karersen e al i F LolbiPor Refap-opane
éfme&%)%ﬁ?ﬁgﬂoﬁl kakturBeheke2MPRRI B¥idation step is

carbonate or t I's used as an al kal
1 % by weight or less.

BEST MODE FOR CARRYING OUT THE INVENTION

The oxidation step is a step for obtaining cumene
hydroperoxide by oxidizing cumene. The oxidation of cumene is
usually conducted by auto-oxidation using an oxygen-containing
gas such as air or oxygen-concentrated air. This oxidation may
be conducted without use of an additive, and an additive such
as an alkali may be used. The reaction temperature is usually
from 50 to 200C, and the reaction pressure is usually between
atmospheric pressure and 5 MPa. In the oxidation method in
which the additive is used, an alkali metal compound such as
NaOH or KOH, an alkaline earth metal compound, or alkali metal
carbonate such as Na,CO; or NaHCO;, ammonia, (NH;),CO;, an alkali
metal ammonium carbonate or the like, is used as an alkali
reagent.

The epoxidation step is a step for obtaining propylene

oxide and cumyl alcohol by reacting cumene hydroperoxide
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reagent. The epoxidation step is a step for obtaining

propyl ene oxide and cunyl al cohol by reacting cu
hydr oper oxi de 2 February 2007 ,3 obtained in the ¥ ¥bruary 2007

oxi dation step with propyl ene. “"The epoxi dation step
is preferably conducted in the presence of an
epoxi dation catalyst, particularly a catalyst
containing titaniumcontaining silicon oxide fromthe
voletwbhed iof the abidabion dtep ehjtbcpropyppenad ’lrmdepoxidation
high yield and high selectivity. As the catal yst
sotepliseprefegiabilyacenturyetisin ddvet preispycE of an epoxidation
chem cally bonded to silicon oxide, are preferable
Fﬁﬁt%%ﬁﬁ%bepaﬁtéﬁﬂéﬁyéf Er@&éﬁ&?ﬁﬁ/QﬂRﬁﬁﬁq My a Ti
ica carrier cat st,.prepared b

Fhit-Eorfalbipg sdataon Pﬁ“&ﬁ e oEIF’ede‘P%ﬂ%OlXt of
C t op 0
&P%f[.%%@éc%%%a kI U PoRpostf AfibpEhigh viEdd ha nagn

Q@@@@tﬂﬂf?per@é'ﬁﬁa lé%%l%%ta LRWALYd 4 -igl1ild¥ catalysts

epoxi dation step, may be a dilute or dense purified

N@G 1S 4 8h in§Mindiemidaligdonaedricsiliboibaislenoxatapireferable .
i s conducted by contacting propylene and cunene

hEelr cpeamplele aviadtalys tardpsted He sugasiitoimg @ Ti compound
carried out in a liquid phase using a solvent. The

N v%n%iljsﬁGuPﬂrEéeFl-qél &aﬁﬁ&éﬁstaptréi?&é%%ﬂ e %fmpﬂaping a Ti

pressure du reac and substantls |nert

oA At Fsehceet edoorid i yERP LRk epdol Betnoa or
S0P AR RRBAC L eb ] @e*&’:ﬂﬁr@ﬁg{f% aealiid 39 tgn&eche like,

exanpl e, en cu per oxli i's a
rt;]aéﬁ U & Mé'ﬂeéumd@h‘?ﬂr‘o@e&:dﬁ\ﬁ%@%ﬁl ak aheiveafaterial in
tthe epoxidation step, may be a dilute or dense purified material
or non-purified material.

The epoxidation is conducted by contacting propylene and
cumene hydroperoxide with the catalyst. The reaction is
carried out in a 1iquid phase using a solvent. The solvent
should be liquid under a temperature and a pressure during the
reaction, and substantially inert to reactants and products.
The solvent may be é substance present in a hydroperoxide
solution to be used. For example, when cumene hydroperoxide
is a mixture with cumene which is a raw material thereof, the
cumene can be used as a substitute of a solvent without
particularly adding a solvent.

The epoxidation temperature is usually from 0 to 200C,
and preferably from 25 to 200C. The pressure may be a pressure
sufficient to keep the reaction mixture in a liquid condition.

In general, the pressure is advantageously from 100 to 10,000

kPa.
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cunene can be used as a substitute of a sol vent

W thout particularly adding a solvent. 25 The

epoxi dation tenperature is usu%!ly fromO to ZOOC&FEMMMYZOO7
and preferably from25 to 2000 The pressure may be

a pressure sufficient to keep the reaction mxture in

a liquid condition. 1In general, the pressure is

advant ageously from 100 to 10,000 kPa. 2 February

2007 TheTholsal datany ek ysdn tan adderaadearicagdguakypdusadthe form
inthe form of a slurry or fixed bed. In the case of

aof sr gbtuscylar fhdadtrédl Incpiee saisenot a Yaree-pedleédndustrial
preferably used. In addition, the epoxidation can be
conetatéanbyaaf bxedhbaidsé snprréeraply s8id-c It igiddfsion, the

met hod _or a conti nuous nethod, \When .a

c%ﬂ?ﬁ%ﬁ?ﬁéoﬁ Fah P&tQHQQuQQﬁer¥uﬂ|QﬁF?%" g%%s@ﬁthOd a

thr f taI ned at
af? Bsbéﬁg thﬁ%ﬁa |(ﬂﬂé§tié#ure g%ﬁaout
from ?ﬁ%n LeagHLea égﬁ%al}ﬂn@e‘a %%Wﬁfa%’e‘%‘la&t o S::e.fblction is

step obt al ni ng cunene by ~ subjecting cunyl al coho
Opaas880thPotife &PexkEathed, stiep dftalyst is not contained at
hydr ogenat i on-cont ai ni ng reacti on and recycling the

cahkner $obshenbdindadyi dan st dpquis aimduired dr@wn out from the
converting cunyl alcohol into cunene, a nethod of
freaetyenyd8paei-ng cunyl alcohol to 15 obtain

a- met hyl st rene and then hydrogenat i
- et h%\f‘gt? BNELSI 98 B 153 % nggr cbtaining cumene by

(HEPLEE ST S PIFLEAAOD s et gpbisdaclon svep o

dh{y 865 5¥n80N¥RL bonfbAnGWiERRaction and recycling the cumene

to the oxidation step. As a method for converting cumyl alcohol
into cumene, a method of first dehydrating cumyl alcohol to
obtain @ -methylstyrene and then hydrogenating ¢
-methylstyrene to convert into cumene
{(dehydration-hydrogenationmethod), and amethod of subjecting
cumyl alcohol to hydrogenolysis todirectly convert into cumene,
can be illustrated.

A case in which the conversion step is composed of the
dehydration step and hydrogenation step, 1s explained below.

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

As a separation method, distillation can be used.

A catalyst used in the dehydration includes acids such as
sulfuric acid, phosphoric acid and p-toluene sulfonic acid and
metal oxides such as activated alumina, titania, zirconia,

silica-alumina and zeolites, and activated alumina is
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can be illustrated. 20 A case in which the conversion

step i s conposed of the dehydration step and

hydrogenation step, is explained below. It is 2 February 2007
preferable to separate propyl ehe oxide obtai ned by the

epoxi dation from cunyl al cohol before the dehydration

step fromthe viewpoint of obtaining high yield of

propyl ene oxide. 25 As a separation method,
dpséférablenfeam beewpedntd oFt alepairatsieth ifirdinethe reaction
dehydration includes acids such as sulfuric acid,

phbsbihoei ccatadvatdlpfeol sedecddviidryi.c edsi.d and net al

oxi des such as activated alum na, titania, zirconia,
si | i chb&l wﬁﬁraﬁaoaﬁ.qwllam:oaﬁq%ﬂcwkpemtﬁ&h@g cumyl

2%%%‘?%‘%? o‘% %ggé‘f’hﬁg%@i ?—gln%“%r Q%Y '&%%%t%g?@l ife,
Sﬂ&&ﬁ {,y h éf? n%%ﬁ‘%&%%df_éh! ?ﬁg%ﬁ%g%;@#ﬂ @R%t%tl hol to

"Ehé f@a@éf;?&’et té bBHEﬁE'tOHP(dEXS%ﬁ%&oHP)éﬁJ nt to the
together wth cunyl al coho the catal yst

Caelihpdi a by 6 0gered Ir%cﬂilhﬁﬁ@laﬁnbet@oﬁaﬂcté&fwﬂﬁ:ﬁtl.limid phase
The reaction can be conducted in a liquid phase using
asimgentsolventol Vihe shiorent bsheuwbdtbeat sabsyanhdally inert
to reactants and products. The solvent may be a

sthreartantsanhprogursa 'I'élﬂﬁ‘PlYiPEB i, 4 %Ptﬁl’rtlﬁf: 4’%9%31" esent

B iRl RS IS Eb nd LS b2 SRS Smen cumyn
T R A ST rgoern
1 4APHC cumene as a substitute without adding a solvent in
particular. ThedehydrationtemperatureisusuallYSOto450TL
preferably 150 to 300C. Inusual, the pressure 1s advantageously
10to10,000kPa. The dehydration canbe advantageously conducted
by using a catalyst in a slurry form or fixed-bed form.

The hydrogenation step is a step for converting into cumene
by supplYi‘ng ¢ -methylstyrene obtained by the dehydration to
a hydrogenation catalyst to hydrogenate & -methylstyrene and
for recycling cumene to the oxidation step as a raw material
in the oxidation step.

Though the hydrogenation catalyst includes catalysts
containing a metal of Group 10 or 11 of the Periodic Table,
and specifically, nickel, palladium, platinum and copper,
palladium or copper are preferable from viewpoints of
suppression of hydrogenation of the aromatic ring and high
vield. As a copper catalyst, copper, Raney copper,

copper/chromium, copper/zinc, copper/chromium/zinc,
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preferably 150 to 300t. In usual, the pressure is
advant ageously 15 10 to 10, 000 kPa. The dehydraty @R
can be advantageously conducte by using a catal yst
inaslurry formor fixed-bed form The hydrogenation
step is a step for converting into cunene by
suppl yi ng a-net hyl styrene obtai ned by the dehydration
to a hydrogenation catal yst to hydrogenate
aciRbRY /AirRNe, dhp faluntiany dridgheudtke aoethksted. As a
oxi dation step as a raw material in the oxidation
sthan 1l abiamg ed theel Yo queliad om tatahysa ., i pell@dsum/silica,
catal ysts containing a nmetal of Group 10 or 11 of the
Pprilddidd ulatsiazbompatdsthe ilikeap Ty 1ifiadl | Thesegrtalysts can
pl ati num and copper, 25 palladjumo g@gper are

e

pPef 8588l @4 A eih TR t1 4 ofit offere:

hydr ogenati.on of the aromatic ring [,0 kelid

a cop / OQ%H;ﬁ%%t?yékﬁﬂﬁﬁéé%éﬁe%gcg%gg%?& Bar¥i8hlout® by

c I I A0 LAG af ] ' i catalyst,
SR A 50 e EARREEFE R, AR RFOIOHeR T M oty

' 'ak?a@_'te di Sl wHS1 @ ofakd el Uge ket atyétmay be separated by
pal 'adi um al um na, palladiumsilica, palladiun

caihomraaitd idepdrddacar ed ithkedik&hesemantiae ysupplied together
be used al one or in conbination of two or nore. 5

Thﬂfﬁ@h?;—h@ﬂ%ﬂr&?@fﬁw b the hydnagenaiyken egtalyspfor carrying
contacti ng a-net tyr d h i th .
ot e yqunyaofl heupareoskt Bl cPngndpkitatiy-
e separ at 0l ] - t] [ X
mmy” bRl e pBup RS hyRERYS Eelndrolln e Bhotion nay

Ry | 2P 63 Ahkehyl 8k yeRhoWHEbr 01 il 14 Ne N
hy%ro enat:}%tsubsequegt tgitéhe dehylfjrati on.ih nexcess amoun

of hydrogen is required because other components which consume

ruary 2007

hydrogen are contained in the raw material.

As a molar ratio of hydrogen to @ -methylstyrene, the range
of 1 to 10 is usually applied because the reaction proceeds
rapidly with increase of a partial pressure of hydrogen. The
range is further preferably 1 to 5. The excess amount of hydrogen
remained after the reaction can be recycled after separated
from the reaction mixture. The hydrogenation can be conducted
in a liquid phase using a solvent or gas phase. The solvent
must be substantially inert to the reactants and products. The
solvent may be a substance existing in an @ -methylstyrene
solution to be used. For example, when ¢-methylstyrene is a
mixture with cumene as a product, it is possible to use cumene
as a substitute of the solvent without adding a solvent in
particular. Thehydrogenation temperature isusually0Oto 500C,
preferably 30 to 400T . Inusual, the pressure is advantageously

100 to 10,000 kPa.



Though the anmount of hydrogen required in the reaction

may be equinblar to a -nethylstyrenetheoreticaII&lﬁﬁnnuy2007
excess amount of hydrogen is geqU|red because ot her
conmponents whi ch consunme hydrogen are contained in

the raw material. 15 As a nolar ratio of hydrogen to a
-met hyl styrene, the range of 1 to 10 is usually

appl i ed because the reaction proceeds rapidly with

i ncr eAsemotiea pd#r thel dehgsiratd cf dndinogiarogdi@tisonangehese
is further preferably 1 to 5. The excess anount of

hyeirotbens capdicnadvant ageohslyaxoidust edbylgecorntimneods method
after separated 20 fromthe reaction m xture. The

MR R h St Y8in 1Bt e frum of ajhlp-beduithgsglydration and

SriofemSH R mer 5 cobndtrtad, Sai8uanappratecrBactrEs or a
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S@iﬁ(fﬂ P?gcpgr a gy b§t§Q§§¥8§' 8&%&9 hnEﬁlQ contiPuous method,

rene’ 'sol utTon

Wﬂf‘éké‘ -drd %}ﬁl 88YhBARikSréadto Ahd#h \Msto'irféi‘ﬁ?‘eﬂl? réactor, and

product, it is possible to use cunene as a substitute

afhé hed sabaeid eabbor agddphefarablleebedatse the isothermal
particul ar. The hydrogenation tenperature is usually O

e HOOBC reqpked e rarb|apBira 1l WC.remp sl aif Itdaet In a case
pressure i s advantageously 100 to 10,000 kPa.
%r%ﬁ@@%?ﬁdyahé %dE@aQFOFhetééhﬁeﬁ‘ﬁﬁr@ﬁ% lowers with

R0 5t Lo S BR S R Ra R 0 MRt conor.
tihse afno fth%]:frrli)& Q%%ct-li ql d ro?lt Lt?l@ ggﬁe hand, since the

hydrogena Ion may be conducted using separate readtors
Hy @ sy € éh 'S Ole tAF18 the%e0H sUSRUekHthB8mic reaction,

continuous nethod, there are an adiabatic reactor and

arhe semperamhreeamw widhdprogress of the reaction. The outlet
temperature becomes higher than the inlet temperature because
the generated heat quantity is larger in total.

The reaction temperature and pressure are selected so that
water contained in an ¢ -methylstyrene solution after the
dehydration, is not condensed. The reaction temperature is
preferably 150 to 300C,and the reaction pressure is preferably
100 to 2006 kPa. When the temperature is too low or the pressure
is too high, water may be condensed at the outlet of the
dehydration, leading to deterioration of the performance of
the hydrogenation catalyst. Further, when the pressure is too
high, it is also disadvantageous in the reaction equilibrium
of dehydration. When the t‘emperature is toohigh or the pressure
is too low, it may become disadvantageous because the catalyst
life 1is shortened by howling or the like caused by much
generation of the gas phase part.

Though hydrogen can be supplied from any one of an inlet
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the adi abatic reactor is preferable because the

i sothermal reactor requires an apparatus for

of heat. In a case of a single adiabatic reacto?‘%\ﬁ%muyzoo7
tenperature lowers with 10 pro@ress of the reaction

because the dehydration of cunyl alcohol 1is an

endot herm c reaction, and on the other hand, since the
hydrogenation of a-methylstyrene is an exothernic

r 6B @aldeiydrd fifoh SeRet}rHed hhSan ¢ bl &&f@f@génafcibh&eactor
reaction. The outlet tenperature beconmes higher than

the isimtefenpietat tv esumehy SEron e riestercst atheh@@hydration
quantity is larger in total. The reaction tenperature
arelptessim evigwe of|tds e¢ o itmtof witee debydraiticd icatalyst.
an a-nethyl styrene solution after the dehydration, is

nbtat ohBlensapOr ¥ratiencef owaterperaduced; & rspsheﬂgmdration

AP RRPHROB0RT KPRIOGHER Lhbo! SRpeFansr eXi8Te059 O By drogen
Ve BieoaUhParhabAtzBhl ankvHe Bha 0 HANIRHEY dlation

out | Ion,
018 & £5 bh 0P s | f&@féf@fm@pfgwfcod%m&i Qg.ﬁ{‘%td Q% tained
catal yst. Further, when the pressure is too high, it

|afﬁémm51aduampagedu:aol abkeacecdd hydraysrd . brhotighb water
of dehydration. Wien the tenperature is too high or
tgrnerabedis thedehydrationtl spgs bed tirough the hydrogenation

di sadvant ageous because_the catalyst life is
ket bl nbsi PRgSsPlenéol Ppéréé;@s@ct BPUnEGst without

SO fely BRFeRgS AR 3R BRrrple Hom HRHaF Zegpval as
%ﬁcﬁﬁ%&'ﬁgﬁﬁh' g@&?@?geﬁnwpre gl ggs%l ﬂgt%ondﬁnsing water.

hydrogenation ré e to supp
fraretdie, ivil@ladied Mrdtelydk ald @he outlet of the reactor can
be recycled after gas-liquid separation operation.

Furthermore, at the time of the gas-liquid separation
operation, it is possible to separate water generated in the
dehydration from the reaction mixture. A part of the obtained
reaction mixture (mainly cumene) can be recycled to the inlet
of the reactor for use.

An amount of the dehydration catalyst used may be an amount
enough to convert cumyl alcohol, and the conversion of cumyl
alcohol is preferably 90% or more. An amount of the
hydrogenation catalyst used may be an amount enough to convert
@ -methylstyrene, and the conversion of @ -methylstyrene is
preferably 98% or more.

Considering from a viewpoint of cost, the dehydration and
hydrogenation catalysts are preferably packed in single fixed
bed reactor but not in multi stage reactors. Inside of the

reactor may be partitioned into several
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reactor in view of the activity of the dehydration

catalyst. That is, vaporization of water produce

t hrough dehydration 5 is pronn%pd by bringi ng int%deumyQMﬂ
constant existence of hydrogen® in the dehydration

zone and the equilibriumdehydration conversion

rises, therefore, high conversion can be attained
effectively conpared to absence of hydrogen. Though

WBE&E o1gRAEl Nheth the FBacdelyik abt partd tlansall, thed@edlydration
t he hydrogenation 10 catalyst, it is possible to
opetailysitandmywbsigandtioon caialtysiumayl he sbineciglywontacted
an apparatus for water renoval as described above, by

opafht e HtoX Hhqse &laynBe BarbéhRiPRgIVAL Eh an Afamrepacking.
unreag;gd hydrogen in the outlet of the reactor can

be refyCREE 2t BPigGhsPEP &f&ig@pé’lfapiu&?n&p&rm Ghmyds alcohol
F ) S .

bk S5hERCERa"by' BEctoRetny <l IF SR ETER NS0

in th@hedﬁ{?agﬁgéhemygﬁ.gn?sigﬁ i@%cgi(tgﬁ mi)i"té%@ail‘f%)?@réumene by

of the obtal ne reaction nmxture (nmainly cunene) can

beubgeyehnd tomyheaiBdbrbl Sbtahredehettte fePorisdatLéh step to
An anount of the dehydration catal yst used nay be an
ampdnogenndwghst and oimve teayoiinalthehocumeaedash®e raw material
conversion of cunyl alcohol is preferably 90% or

nbP ctheypxkerkionfster. AR MIiTatinane Wehdhps been
b t el t vert _a- et t _and
et AR EPS L r ot SERPI AT Freroqieebby phig BYappgenolysis.

SBS in RS fon AP0l L7 88,0 B0, EYOALNa g mid Baconon
Paed ChpdtyglACkethi 8 shodhgstixRd thedcheatiat ,buhyneatalyst
in multi stage reactors. Inside of the reactor may be
peatihg dnedirogévattynrability can be used. Though examples of
the catalyst include metal-based catalysts of metals of Groups
8 to 10 suchas cobalt, nickel and palladiummetal andmetal-based
catalysts of metals of Groups 11 and 12 such as copper and zinc,
copper-based catalysts are preferable from the viewpoint of
suppression of by-products.

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

The reaction can be conducted in a liquid phase using a
solvent or a gas phase. The solvent should be substéntially
inert to the reactants and products. The solvent may be a
substance existing in a cumyl alcohol solution to be used. For
example, when cumyl alcohol is amixture with cumene as a product,
it is possible to use cumene as a substitute of the solvent

without adding a solvent in particular.

Though the amount of hydrogen reguired in the hydrolysis
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2 February 2007 9 beds or not. \Wen the reactor is

not partitioned, the dehydration catalyst and

hydr ogenati on catal yst may be i'rectly cont act ed %gﬂﬂymyzooy
ot her or those may be partitioned with an inert

packi ng. A case of which production of cunmene from

cunyl alcohol 5 is conducted by hydrogenolysis, is
expl ai ned bel ow. The hydrogenolysis step is a step for

Obiadl Bé RENGWIENE- BY cemPl eQlddb ICU AN exdd €98 imcliitabBatydrogen
in the epoxidation step to hydrogenolysis and for

r agy ebgogredebauaase asharresmpabental whichtdensume hydrogen,
oxi dation step. In other words, cunene which has been
1eres eonitaimed dxi dds m%ma@aleprm bytl'méﬂolar ratio
hydr ogenol ysis. The_hydrogenol ysis is_carried_ out g
c 6t Byarpgeauiy GHP‘EéhGFLCO Re ﬁﬁd\*ﬁ@@ﬁlw Fﬁoa 1 to 10 because

h$bF$§§ﬁﬁ{$hég§F%g g r%éﬁ@& 88§ﬁ Rgfglg%pressure
E?%cﬁ%%éﬁ&-g“ﬁ%g%%tgﬁﬁl égﬁgggeﬁaﬁf‘ téFﬁlg ?&ﬁ"f’ to 5. The

PakladisUBmEBha! o ﬁnﬂyaﬁbﬁbnbﬁéﬁglnéatéffékstﬁé PB48t Son may be
of Groups 11 and 12 such as copper and zinc

Ceppytleds of teat alepimtsd® frral erledl redcbiohhmixture. The

vi ewpoi nt of suppression of by-products. As th

cbyderdeacdd sdat deyweradoprreds Renay1yofpte, 5000, preferably
copper-chr%glunl copper-2|nc copper - chrom unt zi nc,
a

cfpEP- 4PPilca, TR OpFHAL al thE BE %elﬁ.%vaoﬂ%w?%%ﬁy 100 to
118, 5B3CkPAS, 188 REaFRILHT Hah hf AdVHH Lo d0ASELY U dWriea out

ven

SHQ% ma' @a'ﬁély&ef thd et ast 3t Srapdopr adEek8a bed.
The sol vent may be a 25 substance existing in a cunyl

al cohathes @rddedit tyrdfadisathn ¥ conducted by a batch method,
seﬁi~continuous method or continuous method.

When a liquid or gas containing a raw material for reaction
is passed through a fixed bed, the catalyst is not contained
at all or substantially in a liquid mixture drawn out from the
réaction zone.

Inthepresent invention, itisrequiredthat aconcentration
of 1,2-epoxy-2-phenylpropane contained in the reaction mixture
after the oxidation step is 1% by weight or less, and 0.5% by
weight or less is preferred.

When the concentration of 1,2-epoxy-2-phenylpropane
contained in the oxidationreactionmixture is over 1% by weight,
a reaction yield in the oxidation step deteriorates because
amounts of cumyl alcohol and acetophenone formed increase.
Though cumyl alcohol can be returned to cumene via the

hydrogenationstep, it isnot preferredeconomicallyasaprocess

of propylene oxide production because hydrogen of equimolar
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exanpl e, when cunyl alcohol is a mxture with cunene

as a product, it is possible to use cunene as a

substitute of the solvent w tgfut addi ng a sol ver%thlbﬁuaryzom
particul ar. Though the anount hydrogen required in

the hydrolysis 2 February 2007 10 may be equinolar to

cunyl al cohol, an excess anmount of hydrogen is

requi red because ot her conponents which consune

hydr ogRgl abeeh6dNt 85 Neshsuméde rBwadiiarial, dagtiditienone is
the nolar ratio of hydrogen to cunyl alcohol is
usuadthpofindmri whd i) thecaarbob nmeberacas credquamtedderefore,
rapidlywith increase of a partial pressure of

hi8reeRyer fHa faetdvldempanfevig ‘éggr%myeﬁséﬁplﬂ%ps_leading
The excess amount of hydrogen remai ned after the

r&Qcfi SRSFaPtbEUMPBE cl ed after separated fromthe

reaction mxture. The, hydrogenolysis tenperature is
usually 0 to 500 C, preferably 10 30 to 400t. In

usual , t [ @Jgg@ sl ‘ :
kPa. Theﬂﬁglgé%??g%lc%] e g&@%ﬁ?&deﬁﬁé%aggﬁ%ﬁgﬁeaﬂlon'
usdBgrptiaharifmbvial EMA ftlian1afkesldifd V1 ¥t ad faxafle bREds for
The present process can be conducted by a batch
nmeohbdpllipgitheohi 2 reposy ARt bbenplpropenewnrscerct fadion to the
15 When a liquid or gas containing a raw material for

reaRge o thin pheanesantodigieatirre i hdg, PrekecEab e Pt @ method

IRt IR i ns o
] ti Lt I tat . a t ]
oP G = YR ot o SR U R R e e

reahpPALOLEt 4h8 t AR SSr I rRdul IAtcHAS iahd Y1Eins other
wei ght or |ess, and 0.5% by

than cumene as much as possible.

EXAMPLE

Example 1

Cumene recycled from a hydrogenation step was mixed with
an agqueous scolution of 1.5 wt.% of sodium carbonate in a weight
ratio of 1 of the agueous solution to 20 of cumene, and the
mixture was reacted under a pressure of 630 kPa and a temperature
of 90 to 105C for of 5 hours supplying air.

At this time, a concentrationof 1,2-epoxy-2-phenylpropane

was 0.2% by weight. A formed oxidized liguid had the following

composition.
Cumene hydroperoxide 14.6% by weight
Cumyl alcohol 0.1% by weight
Cumene 83.9% by weight

Acetophenone 0.1% by weight
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wei ght or less is preferred. Wen the concentration of

1, 2- epoxy- 2- phenyl propane contained in the oxi dati@Bruary 2007
reaction mxture i s over 1@6by:%e|ght 25 a reaction

yield in the oxidation step d i orates because

amounts of cunyl al cohol and acet ophenone forned

i ncrease. Though cunyl al cohol can be returned to

cunmene via the hydrogenation step, it is not
Eedmplred2econom cal ly as a process of propylene

oxi de production because hydrogen of equinolar 2

Febr Barga2603n derattompasigutioled s tcdnstirediane manner as
addi ti on, acetophenone is a conpound in which t

Gt LOFRMIHO o SEPRBARAR, thn e it cumetnecaﬁ@é’rfﬁ%%fafom the

et hyl benzene via the conve S|on tep, leading to a

| REerogeRakiAB. SES®noHER & tion renmoval, renoval

t hrou I l,a e-Li

U SRV, SRR LT LR herpapopne
%&éﬁ%yssﬁb@hﬁaxbﬁtopﬁ%m%&tiraatzlewugumenaaang@fonowing
W thin the present invention is preferable as a

nebmedsi0ieh.control Iing generation of

1, 2- epoxy- 2- phenyl propane to optimze the reaction
condi chmaseohydriogatrioxideuch as 24 .dfpdrmtwaighihd ti me
or to reduce al cohols and olef ins other than cunmene

as nuEpmxd pdsehsile. 15 EXAVPLE Ex3tpP® MetdhEne

recycled froma hydrogenation st nlxed th an
aqueot¥™EBPution of 1. 5 w. % ffs%%%ﬁﬁ1 2%ate in

a VVe'ﬂggtophenone 0.4% by weight

Comparative Example 1

A reaction operation was carried out in the same manner
as in Example 1 except that the lot of cumene recycled from
the hydrogenation step, was changed.

At this time, a concentrationof 1, 2-epoxy-2-phenylpropane

was 1.5% by weight. A formed oxidized liquid had the following

composition.
Cumene hydroperoxide 25.4% by weight
Cumyl alcochol 2.0% by weight
Cumene 68.8% by weight
Acetophenone 0.7% by weight

INDUSTRIAL APPLICABILITY

According to the present invention, there could be
provided a process for producing propylene oxide, which can
convert propylene into propylene oxide using cumene

hydroperoxide obtained from cumene as an oxygen carrier, use



ratio of 1 of the aqueous solution to 20 of cunene,

and the 20 m xture was reacted under a pressure of

kPa and a tenperature of 90 tgp,105t for of 5 houggé%guuy2007
supplying air. At this time, a concentration of 1, 2
-epoxy- 2 -phenyl propane was 0.2% by wei ght. A forned
oxidized liquid had the following conposition. 25

Cunene hydroperoxi de 14.6% by wei ght Cunyl al coho
Orépebyeddiyglthe Cumeme &R %drthest ghif ighen bhhepaney out
0.1% by weight 2 February 2007 12 Exanple 2 A
ressdptaoppbihereby baing ablicciorfLielentl s AR IgmPropy lene
as _in Exanple 1 except that the | ot of cunene

r8¥¥8Ped fromthe hydrogenation step, was changed. 5

At this tinme, a concentration of 1,2-epoxy-

2- phenyl propane was 0.6% by weight. A fornmed oxidi zed
liquid had the following conposition. Cunene

hydr oper oxi de 24. 4% by wei ght Cunyl al cohol 1.3% by

wei ght 10 Cunene 72.6% by wei ght Acet ophenone 0.48 by
wei ght Conparative Exanple 1 A reaction operation was
carried out in the same manner 15 as in Exanple 1

except that the |ot of cunene recycled from the

hydr ogenati on step, was changed.
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At this tine, a concentration of 1, 2 -epoxy- 2

- phenyl propane was 1.5% by weight. A forned Oximjﬁghumyzogy
liquid had the follow ng conpﬁ%Ltlon. 20 Cunene

hydr oper oxi de 25. 4% by wei ght nyl al cohol 2.0% by

wei ght Cunene 68. 8% by wei ght Acet ophenone 0. 7% by

wei ght 25 | NDUSTRI AL APPLI CABI LI TY According to the

present invention, there could be provided a process

for producing propyl ene oxi deL.aIMS Ch can convert

propyl ene into propyl ene oxi de using cunene

hydr oper oxi de obtai ned from cunene as an oxygen

carrier, use 2 February 2007 13 repeatedly the cunene

and f &rthproeespdianproduging PERPY bene oKilde .t Welehpomprises
being able to efficiently produce propyl ene oxide. 2

FeBe uBP)lowdng $EePSAIMS 1. A process for produci ng

propyl ene oxide, which _conprise the fol i,.Ng :
5 oxPuatRTon GFSE] & 8hoH CooPRTANG S RuRAI Y dperoxide
hggrgggagéigs cAheR¥l.di zi ng cumene; epoxidation step:
a Step of oblalning ﬁropylene.oxide and cunyl al coho
by r%?:%di%t&‘&??%%e@édhoﬁﬁéﬁxéﬁ%%ﬁﬂhﬂ@ propyene oxide and

oxi dation step with propyl ene; an
cumyl alcohol by reacting cumene hydroperoxide obtained in the
oxidation step with propylene; and

conversion step: a step of obtaining cumene by subjecting
cumyl alcohol obtained in the epoxidation step to
hydrogenation-containing reaction and recycling the cumene
to the oxidation step,

wherein a concentration of 1,2-epoxy-2-phenylpropane
contained in a reaction mixture after the oxidation step, is
1 % by weight or less.

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

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

hydrogenation step: a step of obtaining cumene by
hydrogenating & -methylstyrene in the presence of a
hydrogenation catalyst to obtain cumene, and recycling the
cumene to the oxidation step.

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

hydrogenolysis step; a step of obtaining cumene by

subjecting cumyl alcohol obtained in the epoxidation step to



10 conversion step: a step of obtaining cunene by

subj ecting cunyl alcohol obtained in the epoxi datzi}%gmm.yzom
step to hydrogenation-contai $g reacti on and

recycling the cunene to the oXidation step, wherein a
concentration of 1,2-epoxy-2-phenyl propane 15

contained in a reaction mxture after the oxidation

step, is 1 %by weight or less. 2. The process
argardgegollgsikaim the st s mcé hef @ohydrsigemolstseis catalyst,
conprises the follow ng steps: dehydration step: a

sang vécpblangi theacuseme oy e axidplaristeRnt#pgthe raw
cunyl al cohol obtained in the epoxidation step in the
preterédlof a dehydration catal yst; and hydrogenation

step: a step of obtaining cunmene by hydrogenating
a-net hyl styrene in the presence of a hydrogenation

catal yst to obtain cunene, and recycling the 25

cunmene to the oxidation step. 3. The process according

to claim1, wherein the conversion step conprises the
follow ng step: hydrogenolysis step; a step of

obt ai ni ng cunene by subjecting cunyl al cohol obtained

in the epoxidation step to 2 February 2007 15

hydr ogenol ysis in the presence of a hydrogenol ysis

catal yst, and recycling the cunene to the oxidation

step as the raw material.



