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RPCT/1H2006WI3998998 1 DESCRI PTION  PROCESS FOR PRODUCI NG
PROPYLENE OXI DE 5 TECHNI CAL FI ELD The present
invention relates to a process_for producing propyl ene
oxi de. BACKGROUND ART 10 A protess in which propyl ene
is converted into propylene oxide using cunmene

hydr oper oxi de as an oxygen carrier, cunyl alcoho

.produced together with propyl ene oxide is subjected

to hydrogenol ysis to obt aypseriEreoand this cunene is
used repeatedly, is disclosed in Czechosl ovakia

pat ent CS140743 and 15 JP2001-270880 A. Though these
processes are conposed of the oxidation step,

epoxi dat i on PROGESHHFOR dPRORVCINE | BRGPERENE: OXIHE
difficult to say that they are necessarily sufficient
in industrial efficiency. 20 DI SCLOSURE OF THE

I NVENTI ON An obj ect of the i t] .S to provide a

process for efficientI§E€V%g§§£ g9gP%pylene havi ng
excel+ent ré:hgﬂ@ r'?{:l.cg‘r? f dé(\ﬂééhccpr a0 YoR&d $or producing
conver ene OXI usi ng c nene

ﬂg|g§l@ggalned fromcunmene as an 25 oxygen
carri‘er, 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 pres®MCRGROUND dRT el ates to a
process for producing propyl ene oxide, which
Conp@|§§§cﬁﬁ@ i3 Whic p§98§§ene is converted into propylene

oxide using cumene hydroperoxide as an oxygen carrier, cumyl
alcohol produced together with propylene oxide is subjected
to hydrogenolysis to obtain cumene and this cumene is used
repeatedLy,isdisclosedin(mechoslovakiapatentC5140743and
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 propyvlene 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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PRET/ IR 9882 89P8998 2 oxi dation step: a step of
obt ai ni ng cunene hydroperoxi de by oxidizing cunene;
epoxi dation step: a step of obtaining propyl ene oxide
and cunyl al cohol by reactingzcunene hydr oper oxi de
obtained in the 5 oxidation step with propylene in
the presence of an epoxidation catalyst; and
conversion step: a step of converting cunyl al coho

obt aigRadiati dih e tepPX i attie@n oFt o tialind neukRre N thydroperoxide
recycling said cunene to the oxidation step, 10

wher ekfidazaanc enmeati;on of 1, 2- epoxy- 2- phenyl propane
contained in a reaction mxture after the oxidation

st ep epoxiflakinn whieght a0 thPsef BESTLIMIDE IR IRy Nde and
OUT THE | NVENTI ON 15 The oxi dation step isS Stﬁ& f_ord in th
OBVEY A WL e RY TRFEESPErORIRS Y BARGANS ¢ Ofefd ned 10 the
The, Qxidati on of .cunmene i usual cond . :
O SBELaR T TR TR AP B Lo L SRE A Fe e 08 dn gpogidation
aj ygensconcentrated air. This oxidation may be
c%%8§%¥§§'m?@ﬁout use of an additive, and an additive

such Rfhas- Al kaldp My fiepisel. cdief€a6d i @Gmyl alcohol
tenperature is usually from50 to 2000, and the
renchiapdpiresher €podzidatihbhys gl weep cutems phdh recycling said
pressure and 5 MPa. In the oxidation nethod in which

t femgodi tiovéhes oxdegtian AR+ netal conpound such as

NaOH or KOH, an al kaline earth tal conpound, or
al KalNSRAL DERA TR BLaRCAE ol - REZBEAT 5P - RERegPropane

[ NE I j . . .
agggoégpgﬁogﬁzégggﬁﬁqqo% ﬁ@fggr%?%@téﬁ“?ﬁalﬂﬁldatlon step is

car e, IS used as an a 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;, analkali
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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G801 ThE98poxi dati on step is a step for obtaining
propyl ene oxide and cunyl al cohol by reacting cunene
hydr oper oxi de PCT/ JP2004/ 013998 3 obtained in the

oxi dation step with propylene.3The epoxi dation step
is preferably conducted in the presence of an

epoxi dation catalyst, particularly a catalyst
containing titaniumcontaining silicon oxide fromthe

VAP & 19f the SPL&hPiee dthe ARiEachrs ad mHyleboxidation
high yield and high selectivity. As the catalyst,
soreplilsegréfeshbilgaceatiabystisin abid prasegcd of an epoxidation
chem cally bonded to silicon oxide, are preferable.
Foatakespl epaatiatdbysy pr codedy sty cnndpoting a Ti
conpound on a silica carrier, a catalyngFrgPared bX
cehbamiwe-gontaipipgnfddAGoR OFige | &/ ifgwpeint of
co-precipitation nethod or sal gel, nethod, _zeqglite .
R ERE AP RARG T TEORRRETEhe I PRE. PIGR: Y6 TG digy hioh
per pxi AW JBALEE 3 id) 1 il catalyst
g%%ﬁ?%% |%%9été%%1%§§%%§%g3§¥ﬁuﬁ§ ggﬁdgﬁgelpﬁﬁifiedca arysts

N8 ©f 4 Ehin§rinHeiehlipdorakart dbilisohhaiepoxhfapreferable.
i s conducted by contacting propylene and cunene

hysir opeampi dle avddtdhes ©aimdysted e suggoirtoing s Ti compound
carried out in a liquid phase using a solvent. The )
soh vansilinaurdrbéeriqai ¢anedsista niapasied e eembining a T
pressure _during the reaction, and substanti.ally inert

tSOPRARRA Yt AnaL bE6ERCPELAS0PThE SBrPERC IRy A0 method or

SHRE A ReBbERET b By MRANEREY B 31 LBghetne 1uxe,
{th}:%ﬁ UhE Y LReGURIfe Mo -2 dRisd aks hheawafaterial in
the epoxidation step, may be adilute 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 liquid 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 sclvent 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 2007C,
and preferably from 25 to 200 . The pressure may be é 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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CRPERR2004A1 % used as a substitute of a sol vent

W thout particularly adding a solvent. 25 The

epoxi dation tenperature is usually fromO to 2000,

and preferably from 25 to 200v4 The pressure may be a
pressure sufficient to keep the reaction mxture in a
l[iquid condition. |In general, the pressure is

advant ageously from 100 to 10,000 kPa.

PCT/ JP2Q044 P13998 41 Jbe sl éd savah¥shedaR1§eused in the form

advant ageously used in the form of a slurry or fixed

befl a $ nuthe rasexefl rd argeisceheecioflasiargd -scale industrial
operation, a fixed bed is preferably used. In

adpétabhnont he fipedi Hatli bs purferabdydusedd By @ddition, the
batch-wi se nethod, a 5 sem -conti nuous nethod or a
cepexhdetisopeehBdbeveRdnatiegLiky oRalioh gl se (mgkhed. a
material for reactiop i sed t.hrough a f.ixed bed,

{REMLAE APy SRuPLS e tRgk £mnéd Rt O MRS Snt i al | y
'na {ﬂhgﬂl 91 Tiéh%ec%%%n%t far ‘}?wt ﬁ%ﬁ:errﬁ%ﬁ.t I#Y} 2{Ketion is
p1s a e or o

10 The conversron ste p tai ni ng cunene

bYasSHA] Eﬁf&ﬂ?hcgr%l.xé@l owh®! ©hd adeth 4t tihe not contained at

epoxi dation siep to hydrogenation-containing reaction
aallreeyshbsgahbeacapena at Qiginddoxicatiren dstaem oAt &€rom the
nmet hod for converting cunyl alcohol into cunene, a
neehotdiofi £pnet dehydrating cunyl al cohol to 15

obtai n a-nethyl styrene and then ﬂ%grqgenating a
- et hyhet FPEVETEd oMt Thtd TRARMEOT obtalning cumene by

(SPACEELpa™ S S TSHAET R A8y EFiRatlon step vo
0L L 8EL LY NG RRYGR Lot A AW P M action 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-hydrogenation method), and amethod of subjecting
cumyl alcohol tohydrogenolysis todirectly convert into cumene,
can be illustrated.
A case in which the conversion step is composed of the
dehydration step and hydrogenation step, is explained below.
It is preferable to separate propylene oxide obtained by
the epoxidation from cumyl alcohol before the dehydration step
from the viewpoint of obtaining high yield of propylene oxide.
As a separation method, distillation can be used.
A catalyst used in the dehydration includes acids such as
sulfuric acid, phosphoric acid and p-toluene sulfonic acid and
metal oxides such as activated alumina, titania, zirconia,

gsilica-alumina and zeolites, and activated alumina is
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cBRTBB2G0{043898at ed. 20 A case in which the conversion
step i s conposed of the dehydration step and
hydrogenation step, is explained below. It is
preferable to separate propyleﬁe oxi de obtained 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,

dpstEbrabhanseam RecwpRdnth Gt dopdratsesh ifréfiethe reaction
dehydration includes acids such as sulfuric acid,

phogphee, c cacadyand 1p£ieql wele ctuilfiont ¢ etloc d and net al

oxi des such as activated alumna, titania, zirconia,,

si | i cEhgl dehmdrandorebsivevalindccerdvybeedulagntrctng cumyl
PCT/ JP2004/ 013998 5 preferable from vi ewpoi nts, of
sehaPRPiLloWitRokhendehydaatder (Fakanest c Rt ysin| g, present
selectivity, etc. The dehydratjon is.usual conduct ed

TP EehEoby Y athgrt fE e A ERerTeEuRY b S HARY 4 fonon o
C I ' t ' i A4

-Eh8 dShyaPitich b bELPLESES Gontddy B Ao A1) Shbsequent

debyh tdeMy Galtal oS! ThecpBHBEY cRydaR IR dohAhcted in a liquid
subsequent = to the dehydration. The reaction can be

cphdset ading a kb@uedt.ph@he dgsilngni Sbowdd bellsmbstantially
sol vent should be substantially inert to reactants
ahueptdducesactand ssanganodngt He Thesapdvant dnapp be a substance
present in a cunyl_alcohol_ solution to qiaused

r

PRERSPRE e Culry o Seotnb o Labihn Lo ke Wtk ¢ fitnexample.,
duct, . iL, |s.poss] _
2‘37 % Ip{:ﬁlt‘ngg a%{%érd?i:l:dgog%ﬂgu%g #:F"Leh C&Hﬁé}?? aef‘saalgroduct, it

Wi ihg a solven in parficula

TEEP%@M@l% LOUsEURRIA H5Q 4 So#8URht Y wRlhbat £ddidyg a solvent
preferably 150 to 3000C. In usual, the pressure is

in particular. The dehydration temperature is usually 50 to
4507C, preferably 150 to 300C. In usual, the pressure is
advantageously 10 to 10,000 kPa. The dehydration can be
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 supplying ¢ -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
yield. As a copper catalyst, copper, Raney copper,

copper/chromium, copper/zinc, copper/chromium/zinc,
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15CHAVANMA3é¥¥sI y 10 to 10, 000 kPa. The dehydrati on
can be advantageously conducted by using a catal yst
inaslurry form or fixed-bed form The hydrogenation
step is a step for converting Bnt o cumene by
suppl yi ng a-net hyl styrene obtai ned by the dehydration
to 20 a hydrogenation catalyst to hydrogenate a
-nmet hyl styrene and for recycling cunmene to the

Oébﬂﬁta!rzgﬂ.tl%ﬁ agoppedValli@natbnd RheheiRyi d26i Disted. As a
step. Though the hydrogenation catal yst includes

Cphalyatism centadivi@itng palIeidlunofa @inoima 10patlddivh/sheica,
Periodic Table, 25 and specifically, nickel,
prALadadnm/gleatonuamdrithe dpperarpdilisddidim Shesepprialysts can
are preferable fromviewpoints of suppression of

hbar sgefapiloneorr: A& &roarPdﬂa&JrcthQJ%n%W?n% mYY@td. As

o opnoFionEh e s A ST B P aRF 1ROt B
Pﬁgﬁ;&gg%% Jaf%ﬁgugyfg\gyfgﬂé' Hlaah aeegshf alltm RAcaRGtalyst,

am

pal padicughal %oﬂaaldfad&mﬁldélf@fat@@hh@ﬁlym separated by
carbon and the like are listed. These catal ysts can

beilswdtalrosepataitiotonbi thti bhkefot waprbemsmumplsied together
Though the hydrogenation is usually carried out by

cmhthc@ 'rmg taydsttyyreas raebe aﬁdrmg@m@gémwwﬁkmt for carrying
cat al a part or. the whole of water genpera

beuse Hﬁawal%wenaﬁlqnatsab%% o b tahT e L
H?grggé2§¥ﬁh ﬁgé%g y {er h&%%? %Pﬁﬁ &&%£§3¥Je@ﬁﬁt9e£g€ion1nay
hyd/QRARR 1 O7 § UPSREHRPE o £ PriNE tBRMAEIdANy , an excess amount

of hydrogen is required because other components which consume

hydrogen are contained in the raw material.

As amolar 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, Thehydrogenationtemperatureisusuallinx:SOOTL

preferably 30 to 400C. Inusual, the pressure is advantageously

100 to 10,000 kPa.
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TheligRZ4M@1aMSunt of hydrogen required in the reaction
may beequi nol arto a -nethyl styrenetheoretically, an
excess amount of hydrogen is required because other
conmponent s whi ch consune hydrggen 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 ncreagenlaed RAT i QNBABHELO dvdregehogdhatibANdehese
is further preferably 1 to 5. The excess anount of
hydaegebnsl€imibeedsadl By ddirlu@ael bgra cantheuwoasyne dod using
after separated 20 fromthe reaction mxture. The
hadcatjehasitodnc dhebd caondifctee i rbed | i The diphgdeation and
using a solvent or gas phase. The solvent nust be
shpdraaenatipn Hewt %ﬁocpﬁéuﬂééét HF18 % FEFTEhFe tieachprs or a
sol vent may be a substance existing.in

been

2ShBORGI SEPFERS - 261 n FORCLOpEGSed™ O EoRijnyons method.
thﬁnrg' gF&{yr{l ?d’r;ira?élelbj}c? r%a%%o@ )éhﬂr gnvﬁégtﬁé'ﬂﬁﬁf J?éa@tor, and

proauct, | 0] e to use cunene as a substitute

othbhgasabkenlc WelhaWr addigie @ s MEMbedduse the isothermal
particul ar. The hydrogenation tenperature is usually O

t 9e8880€E, refguefresabhyapparatd8066r temosadl oftheat. In a case
pressure i s advantageously 100 to 10,000 kPa.
PCT/ aP200gLe]l 394 bAtAS medastast, tihe dedeeBRtere ahgwers with

hydr ogenati on, these reactions can be usual
CBRANEEEE Ty e EEACTHIBRS TR Ho B h SRy I8 AP smy) alcohol

thggr%g;%n%%f)gﬁe%ggééb%gacghgn?nggr3111i&Qeatpph r hand, since the

y - be-conduc Using sepafrate reactors

OfLy@rdgeni®i®n 62CHOIme Sy Ps EFRACHOT 1 $1SGH dtbtimic reaction,
cont1 ndous nethod, there are an adiabatic reactor and
afhbSdhes F@t uF€aGls¥s wibH progress 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 300T ,and the reaction pressure is preferably
100 to 2000 kPa, When the temperature is too low or the pressure
is too high, water may be condensed at the outlet of the
dehydration, leading to deterioration of the performance of
the dehydration catalyst. Further, when the pressure is too
high, it is also disadvantageous in the reaction equilibrium
of dehydration. When the temperatureis toohighor thepressure
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/HRO8HAEI988 r eact or is preferabl e because the

i sothermal reactor requires an apparatus for renoval
of heat. In a case of a single adiabatic reactor, the
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
hydr ogenati on of a-methylstyrene is an exothermc

r&aatdeiyard thieod PERBE BRI &h 909 e dhapiyalf@fsnf idheeactor,
reaction. The outlet tenperature beconmes higher than

tie isletefleaamislatis e dpgclau Soronl Thiehd ndereodt tehdehydration
quantity is larger in total. The reaction tenperature

areR @t es sin ovige ofeltéet e¢tdyittivart Rheedebydraties ratalyst.
an a-nethyl styrene solution after the dehxdrat%oa, [ .
ntat ohtlens®ROT Trat + @B cPT ofa t 8hpeF atiredi §2*prdfe ﬁBV@ratlon
150 to 300C ,and the reactipn pressure LS. r.ahley

20 RRPTGTIB00Y (P FhGH tNEC SRRSFADE B BBRER B Byarogen
t s L5 5Q0-hihgh ' &tati

{18 BLEPIUAGgrbRAbRS R ant S, T bopo TRt on

ded©F & PE & h OFi §d s | henPes f OFrapNegofcordvher sledty dreat benattained
catal yst. Further, when the pressure is too high, it

i sf pbsbidesadueanpagedusol abiskeaceead hydmrgar i bThgwgds water
of dehydration. Wien the tenperature is too high or ]
tgeneratedia thedebydrakioptispyspeddhgough thehydrogenation
di sadvant ageous beca life is

s¥F 2 LHEH- by hofi Pﬂagi‘fﬂfetﬁ o BREmehss &f PP mRGEE without
SEUEEELDERsP) SHESAS AU°SH Mkl il et o oo
839f c 21 HEAH AL 0By 9RG1A i rR8t kel 1éPS1 Bbtacondensing water.
hydr ogenation reactor, it is preferable to supply

frenthbe, uhrelacafed ied dehydiatitonhydrogenation can be recycled
after gas-liguid separation operation.

Furthermore, at the time of the gas-ligquid 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 into cumene, 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 one reactor

having a plurality of fixed beds but not in multi stage

reactors. Inside of thereactormaybepartitionedintoseveral
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rREIAOCHA1IA%W of the activity of the dehydration
catalyst. That is, vaporization of water produced
t hrough dehydration 5 is pronoted by bringing into
const ant exi stence of hydrogen9 in the dehydration
zone and the equilibriumdehydration conversion

rises, therefore, high conversion can be attained

effectively conpared to absence of hydrogen. Though

Wod &5 ordfdie! fhed dHb +hscHebydy Rbt pRArits thanerr thé @egdration
t he hydrogenation 10 catalyst, it is possible to

opef &l ¢s atad OWydaslgetidtian capantyistumayl lye skittdatglyugontacted
an apparatus for water renoval as described above, by
opachteigeaton Hédsevmhynbe pantehiongdviat el .an Flmetrrfepacklng

unreacted hydrogen in the hydrogenati on can be
recyc#e@asafPérW§a§hlPﬁeﬂéc par affi GHMEPEr &F1OBh Curyl alcohol

obbr SOPORCERE PY BSEPRRErd Udyars AR Gt b LE
in th@‘hedl?géfgégéﬁre ggg%w *&%Cg;%gi ﬁ}f%@anﬁ@@réumene by

of thé ob xture y cunmene) tcan

b§u5§8¥€£ﬁg EQm?heal@$ﬁél b tiheefiehetite fotisBat 26h step to
anount of the dehydration catal yst used nay be an

alﬂibﬂﬁbgeﬁﬁmyghlst an @ e Irte e in dalthehclimeardas he raw material
conversion of cunyl alcohol is preferably 90% or
mbe ethdroxahdabionfs tép. Wdr@@@ﬁtwwﬂ%at%we WWS been

be an anobunt enough to convert | styrene
c‘aﬁ‘éﬁem hhe qw%foaf%ﬁ&e@nl%fre&rz@ucﬁéf Hyﬂé%@ﬂéf’.@l&nolwls

98% or . nore. Consigder.i.n
{F 3@{&%%“%%%%%% SETRNE Ry B5rat St LY RRR Y atcoor
Efﬁgghywﬁﬁﬁk dehPa® Etreﬁ%tQhe RatiaNgsd, any catalyst
ura fixed beds but not in nulti stage

rE&GiﬂPSnyaﬁsgaﬁaﬁiohh@bw@ey%aﬁw@mm1 itHangd déxdnples of
SSI\{eercaatalyst include metal-based catalysts of metals of Groups
8 to 10 suchas cobalt, nickel andpalladiummetal 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 amixturewith cumene as aproduct,
it is possible to use cumene as a substitute of the solvent
without adding a solvent in particular.

Though the amount of hydrogen required in the hydrolysis
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PEST/IP2BBALBA?$998 9 beds or not. Wien the reactor is
not partitioned, the dehydration catalyst and

hydr ogenati on catal yst may be directly contacted each
ot her or those may be partitioH%d 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

_Ofﬂh?i Y RGUGHIARE Y ciiMPl 8Qlton® 1CUaH et &oh @moRbittab ety drogen
in the epoxidation step to hydrogenolysis and for

r egyeeingréhebstaese @Bhar rempmientalwhich tdensume hydrogen,
oxi dation step. In other words, cunene which has been
l8resednitainkd dxi dhei vawsmeerd alepFoduidwr bythehaolar ratio
hydr ogenol ysis. The hydrogenol ysis is_carried_ out QY
coit AFerageauhy| Cungdhalcohnd hidiegahlyi from 1 to 10 because

catal yst. As the catal yst, _any, catalyst havin .

hPREGERRR I GHPEBPPPES TERT AT LI DTRORGH ThARRT S agpressure
th I [ et al_- I

PESTAELYL. L PIE ) A DO p ALY EE 5L £RAS 10 5. e
Pakladisuanetak 8R0ABARLgRASEEnatAba! ¥8tEroth8BEQAEL D6 may be
Groups 11 and 12 such as copper and zinc,

ceppeicllds ed teat dosiatasd® Mred erled| redecbivbheixture. The

vi ewpoi nt of suppression of by-products. As th
cbyprogeasdysiat dleyperagosers Redeyldofpép, 5000, preferably

copper-chr%glunl copper-zi nc, copper-chrom untzinc

c8PpEP- 4PPilca, IR IpPIAL al thE RSP TheT AV k29eQysly 100 to
T i b ducted_| | | i i .
108, bBBCkpan, 168 BEafRRPHE b e AdMALB0BIEL YL 1 ea out

sol ven

Sﬁ'@i‘h 5 Aldh 1 Jdierin tighd Nk ast ali $rapdopr gdeeksa bed.

The sol vent may be a 25 substance existing in a cunyl

al cohalhes @rddedit tfrdegisashn il conducted by a batch method,
semi-continuous method or continuous method.

When a liguid 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.

Inthe present invention, it isrequired that 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 oxidation reactionmixture 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 isnotpreferredeconomicallyasaprocess

of propylene oxide production because hydrogen of eqguimolar
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BEPT B4R EA8 cumyl  al cohol is a mixture with cumene

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

substitute of the solvent wthout adding a solvent in
particul ar. Though the anopunt df hydrogen required in

t he hydrol ysis PCT/JP2004/ 013998 10 nmay be equi nol ar

to cunyl al cohol, an excess anmount of hydrogen is

requi red because ot her conponents which consune

hySrQgef a@chSPNLA Refhduhddle TaWadRi@hod,. abétbp®enone is
the molar ratio of hydrogen to cunyl al cohol is

U$ Wdnipo i@ inlwhe chOt heceasibod rutbecacis arduceceedberefore,
rapidly with increase of a partial pressure of
hiydraagerertThe toaetbyilbehzenieevipridiecahiyefsion Blep 5leading
The excess anmount of hydrogen remai ned after the

rieacti bas fa9t beumeBeycl ed after separated fromthe

reaction m xture. The hydrogenolysis tenperature is

usually 0 to 500 C, preferably 10 30 to 400C. In

usual ,_ t o%ﬁaﬁigrﬁlﬁi aEgﬁgSQEdSlﬁ’er&ﬁQQ iochﬂ&a&pg'eactlon

kPa. The Si'§ can vantageously carrie

Uéaaarﬁtﬁéﬁal:a;ﬁsvhm hhe ft?x%ml(i.ﬁces'alﬂer W ited fdxaefedlds for
The preesent process can be conducted by a batch

ned Moo 11 $Rgithedn; 2 Napetsy A2t fenpl peophhauruscatetreodion to the
15 When a liquid or gas containing a raw material for

reanygé o thin phe pasanoigieatipredibds prekeral he y’@t amethod
is not contained at all or substantially in a |

P51 OPBC P AP SUTCTPEREING. Sodor SPOi? - T FS obane to
SRPE e sHRE ERget son RoniYibEG, 1 i FEERT b 8

propane contal ne

I €&k éf’gt - XUALE tﬁé e(fr tﬂ? A IABHER ahd Y1 ins other

wel ght or ess, and 0.5%Db
than cumene as much as p0551b1e

EXAMPLE

Example 1

Cumene recycled from a hydfogenation step was mixed with
an aqueous solution of 1.5 wt.% of sodium carbonate in a weight
ratio of 1 of the aqueocus 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 liquid had the following

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

Acetophencne 0.1% by weight



10

15

20

25

WEITGHI2004/01388% i s preferred. Wen the concentration of

1, 2- epoxy- 2- phenyl propane contained in the oxidation
reaction mxture is over 1% by weight, 25 a reaction

yield in the oxidation step deéteri or at es 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

efg1&d econonical |y as aprocess of propyl ene oxide
producti on because hydrogen of equi nol ar

PCT/ A 2084+ D33 498 et 1 @n arayy lcaalrdebbuti $n cidns ek nlanner as
addi ti on, acetophenone is a conpound in which the

ciar xranmirdelr excs e diedd thehdodf gfe cumenecpeFcledhigom the
et hyl benzene via the conversion step, leading to a

I eAeRFheR. SEerhogh h&rPedati on renoval, renoval

| 1ot oAt s iaet i A oA TEL PR g T §hoky 2  ph&ndiBropane
23 eaﬁ.%’%' 259'\%‘!%19% opAaRS GRCERERALEAM 1 Quifhad ¥ Following
Wahir the n itis pre

pres i nventi on, erable as a

el 101 & . control Iing generation of

1, 2-'epoxy- 2- phenyl propane to optimze the reaction
condi tulsseohyaxbgdatrbaadeuch as 24t.apdyatwerigrtand ti me
or to reduce al cohols and olefins other than cunene
as nuéhmud pdsshblle. 15 EXAMPLE Bd&hphe wetdhEne
recycled froma hydrogenati on step was mxed with an

aqueot¥™eBfution of 1. 5 w. % of% &5uiVmEHohate in

a WeIgcr:]ttatophenone 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 alcohol 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 oxydgen carrier, use



RV IPH1HP8t he aqueous sol ution to 20 of cumene,
and the 20 m xture was reacted under a pressure of 630
kPa and a tenperature of 90 tg 1050 for of 5 hours
supplying air. At this tine, a%toncentration 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
Ordfe ey Obhe CumBRe 83a9%ubithesi GHHfidAaaitiphenaney out
0. 1% by weil ght PCT/JP2004/ 013998 12 Exanple 2 A

rexaitd 4 thoo pereatélon bedsiac ableeto e f igi el y amedwmpropylene
as in Exanple 1 except that the | ot of cunene
rexid¢ed fromthe hydrogenation step, was changed. 5
At this tine, a concentration of 1, 2 -epoxy- 2

- phenyl propane was 0.6% by weight. A forned oxidized
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. 4% 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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AFCTHPEO%WQRQQSa concentration of 1, 2 -epoxy- 2

- phenyl propane was 1. 5% by weight. A fornmed oxidi zed
liquid had the follow ng coan%Ltion. 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 de,ax¥$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 PCT/JP2004/013998 13 repeatedly the
cunené - BT PEEEHcF OB PLOANEATIGPERRY e Ba X166 (i1 gh comprises
thereg% being able to efficiently produce propyl ene
okP8efObEPFIBS064LPE3098 14 CLAIMS 1. A process for

duci. | ; , ; . .
pr o %gl%tg{og'ggs:teeg)e:o%lfgt%p \M%I %Bt%q_a g'xltgz %%g*etn%(bethgidﬁo#éaro:ude

fol |l owng IFon step

cHpeRRiRY gL ARe LKt ; Py oxidizing cunene; epoxidation
step: a step of obtaining propyl ene oxide and cunyl

al cokgloxi\adteiant ist@C:UBRR S e PYOF OISt Hkh theg ol b ybeh e loxide and
the oxidation step with propylene in the presence of
anuspdxddapihoh by reacting cumene hydroperoxide obtained in the
oxidation step with propylene in the presence of an epoxidation
catalyst; and
conversion step: a step of obtaining cumene by subjecting
cumyl alcohol cbtained 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 fcollowing steps:
dehydration step: a step of obtaining ¢ -methylstyrene by
dehydrating cumyl alcohol obtained in the epoxidation step in
the presence cof a dehydration catalyst:; and
hydrogenation step: a step of obtaining cumene by
hydrogenating ¢ -methylstyrene to obtain cumene, and
recycling the cumene to the oxidation step.
3. The process according to c¢laim 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



1T HI0YEL3998nd conversion step: a step of obtaining
cunmene by subjecting cunyl alcohol obtained in the
epoxi dation step to hydrogenation-containing reaction
and recycling the cunene to the oxidation step, 15
wherein a concentration of 1,2-epoxy-2-phenyl propane
cont ai ned in a reaction mxture after the oxidation
step, is 1 %by weight or less. 2. The process

aﬁf&fég@ﬂo&gs%aim the VAL £ Hcd NE GORYAKSIGRMO1SAS catalyst,

conpriSes the follow ng steps: 20 dehydration step: a
saeP PEcoblangi Rpeacimichy oy rene dyiddalydratémgas the raw
cunyl al cohol obtained in the epoxidation step in the
pne@sentelof a dehydration catal yst; and hydrogenati on
step: a step of obtaining cunmene by hydrogenating
a-net hyl styrene to obtain cunene, and 25 recycling
the cunene to the oxidation step. 3. The process
according to claim1, wherein the conversion step
conprises the follow ng step: hydrogenolysis step; a
step of obtaining cunene by subjecting cunyl al coho
obtained in the epoxidation step to PCT/JP2004/ 013998
15 hydrogenolysis in the presence of a hydrogenol ysis
catalyst, and recycling the cunene to the oxidation
step as the raw naterial.



