; @e3e+x (||}, ~"N-~6$Tx$PCT/ JP02/ 03849 PROCESS FOR PRODUCI NG PROPYLENE
OXIDE 5 TECHNI CAL FI ELD The present invention relates to a process for

producing p Lde. More particularly, the present i | tes
to a pr ocesé&pyéjkgg}raod?’ égl ng propyl ene oxide, which converts mmmm’wmmm o]
propyl ene .oxi de usi ng cunmene 10 hydr operglxi de as an oxygen carrigjs. and

further can be conducted under high yield. BACKGROUND ART A i

whi ch propylene is converted into propyl ene 15 oxi de using am"”mmmmlmm”mm
per oxi de as an oxygen carrier is publi cIFy known, for exanple, in,_G%OO&gse
that ethyl benzene hydroperoxi de i s SRESIEECATON, gani ¢ per oxi de 10 gi ve
propyl ene oxide and styrene , it is publicly known as Hal con--process,.. and
propyl ene oxi de and styrene are produced. Further, when cunene

hydr operoxide is 20 us I rpggw t i ene oxide is
produced. Cunyl al coho?qﬁos?%lc%\%ﬁe H?t‘%ﬁg"-arre %%%ﬁﬁgar\ﬁ%/
dehydrogenation, or after cunyl alcohol is converted into cunene by

hydr ogenati on, cumene can be used repeatedly by converting into cunene

hydr operpxi gdecagacaLbygtipdat i on. 25 Though a concept of a process in which
only propylene oxide 1s produced using cunene repeatedly, is described in
Czechosl ovak Pat efheNore&snt 4y verdt3ion re latecets agsmddssd fonr suoduptnent
does - PCT/JP02/03849 2 not contain precise descriptions concerning
necessary sPEPPYEREEpLO*FHedat MBResPapticydrrdati Shet &F e&ed thydrEFddoysi s
st ep. Variougﬁ%robl ns arise in actic recycling .of curren%an t?t}(laref ore

the patent CSHAGESHEOSE PTLELESF fioF SFOTIH IR LG S 8T 2 1Y

DI SCLOSURE I n .Qhj € t [ ' is to
provide a prgégg;gsgtfy}é@g}é'g}éﬂ%n&%?roogj%og#el%% Qieﬁﬁll%%{ﬁé Eéll!lerfr?{gé propyl ene
into 10 Pr opyhedpedoxdRdias s &gf@@@_cwi%&%r%ﬂ%ﬁ%e&nc%w&ﬁéﬁét@a,
and further can be conducted under high yield. Nanely, the present

i nvention rehdeeshtigha yirederss for produci ng propyl ene oxi de, which
conprises reacting propylene with cunene hydroperoxide in the presence of a
catal yst, wherein

BACKGROUND ART

A process in which propylene is converted into propylene

15 oxide using an organic peroxide as an oxygen carrier is publicly
known, for example, in a case that ethylbenzene hydroperoxide
isusedas theorganicperoxide togive propylene oxide and styrene,
it is publicly known as Halcon process, and propylene oxide and
styrene are produced. Further, when cumene hydroperoxide is

20 used, cumyl alcohol together with propylene oxide is produced.
Cumyl alcohol is converted into @-methylstyrene by
dehydrogenation, or after cumyl alcohol is converted into cumene
by hydrogenation, cumene can be used repeatedly by converting
into cumene hydroperoxide again by oxidation.

25 Though a concept of a process in which only propylene oxide
isproducedusingcumene repeatedly, isdescribedinCzechoslovak

Patent No. CS 140,743, the process described in said patent does




15 the propylene as a raw material has a water content of 2% by weight or
| ess. BEST MODE FOR CARRYI NG OQUT THE I NVENTION I n the present invention,
t he- epoxi dation reaction nmeans 20 a reaction produci ng propyl ene oxi de by
feacting pr%%@&@ﬁgﬂ%¥¥ﬁ cunene hydroperoxide in the presence of a catalyst.
In the present invention, propylene oxide is obtained by subjecting cunene
hydr oper oxi de obt ai ned by aut o- oxi dati on ©f cumene with air or air in which
oxygen is concentrated, with 25 propylene in the presence of a catalyst to
t he epoxi dation reaction. The epoxidation is preferably conducted in the
presence  RCY/ $PDOXEABSPIY R igfe AesAriPisoH NIRRT tRee@$ SRFEontePRi ng
silicon oxide fromthe viewpoint that the desired product shoul d be
obt ai ned un8&CeRtRFifatPnRdeRr §P o AHAR $ 2P #RE yAna9anRo %S 1F 8FePabl y
a catal yst gontainin%§H taniunLchemkgall qqud to_sjlicon.oxide

|
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so-cal | ed a'Brt8NSuREORLeE SHiAS ot Hotedt mSCY fret e hr odlicpg and
carrying a hEaRedB O anc anibt bel £ Heobur PLOMAL S i HBNER: 2o
titani um conmpound is conpounded wth a silicon oxide by a co-precipitation
or sol -gel wekLhedatlidmani uncont ai ni ng zeolite conpounds and the like. 10 In
the present invention, cunmene hydroperoxi de used as the raw material for
the reaction step may be a dilute or thick purification or non-purification
product. The epoxidation reaction in the present invention can be conducted
in a liqui dDASESOSURENPFa THHH VNMENTIEWN sol vent is 15 a |liquid under the
reaction tenperature and gressure, and preferably substantially inert to
the reactants and®PHeP}eelRd the BreseRty dRVeRd)OBel £ RPRSRE 8¢ eaPERBEESnce
existing in_a soluhion of the g droggngéidehgsgd.oxhgg Sfor ex nﬁgei 2,
cumene sol utiPdnPEPEGHETe PRy &Y é@?o Faeer SWRAEH §RVESFLR REPEYIEFe 1905
al so 2 0SSl ; | i i

% POS Doy 1R et 4L TRIR AurfleriOhy BRbpUI LA ALYk yHSIPLUR ok

n
partic r. r useful solve ude aronmmtic single-ring conpounds
(for exanpl gndbeRzamR)r iiiae, cotduutahe naaisr antgw-¢iehd or obenzene) ,

al kane (for exanple, octane, decane and dodecane) and the |ike. The
reacti on 25 tenpeNamely ,i theheregentdanventibapriedatsesaltbyalOprocg66Ciand
preferably 25 to 200C. The pressure is usually 100 to 20000 kPa, and
pref erabl y PFOAUEIiNEDYORPACNEkPRYIGcIBLIRh gomppdises reacting propylene

with cumene hydroperoxide in the presence of a catalyst, wherein

15 the propylene as a raw material has a water content of 2% by

weight or less.

BEST MODE FOR CARRYING OUT THE INVENTION

In the present invention, the epoxidation reaction means
20 a reaction producing propylene oxide by reacting propylene with
cumene hydroperoxide in the presence of a catalyst.

In the present invention, propylene oxide is obtained by
subjecting cumene hydroperoxide obtained by auto-oxidation of
cumene with air or air in which oxygen is concentrated, with

25 propylene in the presence of a catalyst to the epoxidation
reaction.

The epoxidation is preferably conducted in the présence



- ~-PCT/JP02/ 03849 4 reaction tenperature and econony. The epoxidation step
in the present invention can advantageously be carried out using a catal yst
in the formof a gl rry or a fixed-bed. The fixed-bed is preferred in the
case 5 of a??%#ﬁg-g%gf i ndustrial operation. In addition, the reaction can
be carried out by a batch process, a sem_-continuous process, a continuous
process or the like. Wen a liquid contaf%ing the raw materials for
reaction is passed through a fixed-bed, the catalyst is not contained at
all or substantially 10 in a liquid m xture discharged froma reaction
zone. | n thefepogatialisht ceatainhngnat hétpniévencontiadningnsihheanagoxiged
bed is used, a catalyst layer may be divided_ into nulti-stages and fresh

cumene hydr peroki e EsiP pihyihdde theydesired REFLFT b FRAULE BecalkRabred
tal yst | i vided,  furt 15 t.i duct .di sch f
it et Cof olibRes g R 610 A i an Al et Wacye RS PR R VET I P OF o AR TV "
tal yst | Thi ' f. N . | ' d
by heat of - Prestaist 8hEghn ) o takatinafol s BENFRbLA0aT o L B oL RHETE

yield. 20 18qRe1R%6es et itaHERn -1 LRV ety ded tExdnl}a 2P deyatn Ade
reaction is usually 1 to 30 tinmes by nole, preferably to 20 tines by nole

per nol e of piro@sld teuU BTGy Gparicdritin acdepcuppl oeda f o1l epaxcaatien, To
use an excess amount of propylene to fresh cunene hydroperoxide is

ef fecti ve fprodeeisnign whychladt bf apiwdcomgoRBdgropyhpeendeidd thta sighcenel d.
I n the present invention, when the anount by nol e of grogylene supplied in
the epoxi daP¥dfler ¥cE &P -Bresddi fartqmor sol-gel method, titanium-

containing zeolite compounds and the like.

10 In the present invention, cumene hydroperoxide used as
the raw material for the reaction step may be a dilute or thick
purification or non-purification product.

The epoxidation reaction in the present invention can be
conducted in a liguid phase using a solvent. The solvent is

15 a liquid under the reaction temperature and pressure, and
preferably substantially inert to the reactants and the product.
The solvent may be composed of a substance existing in a solution
of the hydroperoxide used. When, for example, a cumene solution
of cumene hydroperoxide is used as a raw material, it is also

20 ©possible to use cumene as a solvent without adding a solvent
in particular. Other useful solvents include aromatic
single-ring compounds (for example, benzene, toluene,
chlorobenzene and o-dichlorobenzene), alkane (for example,
octane, decane and dodecane) and the like. The reaction

25 temperature in the epoxidation step is usually 0 to 200°C and
preferably 25 to 200°C. The pressure is usually 100 to 20000

kPa, and preferably 100 to 10000 kPa taking account of the



PCT/JP02/ 03849 5 of fresh cunmene hydroperoxi de supplied in the epoxidation
reaction, propylene after the epoxidation reaction is recovered by
distillatio t of several stages and then recycled to the
époxidationgFggﬁ&%f§£§§ain. 5 The concentration of propylene to be supplied
to the epoxidation reaction in the presen& invention is usually 70 % by

wei ght or nore, preferably 80 % by weight®or nore. As other inpurities, it
may contain conponents substantially inert to epoxidation such as propane,
et hane, ethyl ene, nethane, 10 propyl ene oxide and the like. In the present

i nvention, inedctieysdmnpgratizre tdrd coperemyati on of the water in propyl ene

supplied to the epoxidation reaction in the present invention is 2% by
wei ght or |ess andi§ SRAXIAREHOR FteRi Yhtte PEeSSNYSINEERBELIPRAERR with

propyl ene oxide produced in the epoxidation.reaction o formgl |.s and
Pheratore dadaliabasiily beParsisd By SRiRE e aTablst e ¥oumh o
conpletion qf s%ﬂ%r%%hﬂié’&-ﬁ&&?t IHb fgﬁgﬁylb‘égei%_%f’e%%é%g fMeLRE
reaction liqurd and propylene oxide is separated. wever, Because the
vat er insthes @acitd e ldciidl 15a8LPA! &1 espbPaPiORY! ene Lxd des &h dergad an
extra energy is additionally required for separation of the water from
propyl ene oxiedrtidn taade tardisaduvaibpgdatcrepenerseala semarcohe iaboue
viewpoints, it is necessary to control the water concentration within the
range 25 of preegEsesentcamviamows. preces sreehothef likat r dfhémgaat hiequid
concentration of water, any method of _a nethod of renpving a part or all of
the water byfatt@ining ithe Tawt matersalsr feRereageion Wﬂaﬂ%‘f(ﬁ‘&‘&@@@ &

met hod of canverji.ng, i npto another, co und_t hrough ,a actio
By B ga¢'g1

g : d of
foducing t he WP e, BB Ak e L P G RoRpEaPs 5 Rt datiRleg,°

coagul aj & watpr V!ﬂl\:}H}xiad WYAHAPR | 4 Lo R OPEES YELEmE BerLhKioANdohAe |1 ke, may
be adopted. 5 ékA E
In the epoxidation reaction in the present invention, when
a fixed bed is used, a catalyst layer may be divided into
multi-stages and fresh cumene hydroperoxide and propylene may
be fed divisionally to each of catalyst layers divided, further

15 a reaction product discharged from an outlet of each of catalyst
layers may be recycled to an inlet of the catalyst layer.

This method is effective for preventing a run-away caused
by heat of the reaction and for carrying out stably the reaction
under high yield.

20 In the present invention, propylene fed to the epoxidation
reaction is usually 1 to 30 times by mole, preferably 5 to 20
times bymole permole of fresh cumene hydroperoxide to be supplied
for epoxidation. To use an excess amount of propylene to fresh
cumene hydroperoxide iseffective forkeepingayieldof produced

25 propylene oxide at high yield.

In the present invention, when the amount by mole of

propylene supplied in the epoxidation reaction exceeds to that




Exanples 1 to 3 Propylene containing a water ampunt shown in Table 1 and
cunene hydroperoxi de were conti nuously passed through a fixed 10 bed fl ow
reactor in .fﬂog?o%%‘tgf a titaniumcontaining silicon oxide catal yst was
packed, at a‘ratio’ o times by nole of propylene per 1 nole of cunene
hydr oper oxi de fed. The conversion of cunmene hydroperoxi de was set to 99 %
by adjusting a reaction pressure to 4.8 MPa and control | i ng an inl et
tenperature. In 15 this case, the reaction tenperature was 100C. A yield of
propyl ene oxide to propylene fed (PO selectivity) is shown in Table 1.

Tabl e 1 Exawrfl &reBhampimenzEhargsapeiiide comprhied o4 bythei ghoxddatdorPO
selectivity (9 99.799.699.4 20 Exanple 4 Propyl ene containing 1% by wei ght
of water ) 3Z63F3A03 .HRTARY yRRe S tQIERe eRAk: 90 geaghdono-Haeeeveyed
wei ght of cumepe ar PCT/ JP02/ 03849 7_ conti nyousl assed.t hrough a fixed
bed 1| ow r o08 BE = FhERAECHRERPEE BT LanT (I ARTReEan T LPHPRGTLY (FRedPoa fed
catal yst is,pa A, s it [ nol e of propylene per 1 nole
of cunene h;/: rgg%r ogogtel%faret}ddlj'h%%éo%v%r rsgle%%{)%f cunmene hydroperoxide is 5

set to 99 % by CORhEOlddn@ it tibrlof YR PLeHE td bd NsgpsPSEa tHethe
reaction tenperature wll be 60C and a yield of propylene oxide to
propyl ene f egpowildatieonOr¥aetion én thepprasent fixdemttod is usually 70 %
by weight or more, preferably 80 % by weight or more. As other
impurities, it may contain components substantially inert to
epoxidation such as propane, ethane, ethylene, methane,
10 propylene oxide and the like.

In the present invention, it is essential that the
concentration of the water in propylene supplied to the
epoxidation reaction in the present invention is 2% by weight
or less and preferably 1% by weight or less.

15 Water reacts with propylene oxide produced in the
epoxidation reaction to form glycols, and therefore decreases
a yield of propylene oxide. Further, usually, after completion
of the epoxidation reaction, propylene is recovered from the
reaction liquid and propylene oxide is separated. However,

20 because thewater in thereactionliquidis separated topropylene
oxide side and an extra energy is additionally required for
separation of the water from propylene oxide, it leads to
disadvantage in economical. From the above viewpoints, it is
necessary to control the water concentration within the range

25 of the present invention. As a method of controlling the

concentration of water, any method of a method of removing a

part or all of the water by distillation, extraction or the like;



10 When an epoxidation reaction is carried out in the same manner as in
Exanpl e 4 except that the water concentration in propylene is 3% by weight)
propyl ene glycol and oligomers of propylene glycol and propyl ene oxide wll
be pr oducedPé?&PtoﬁéO%ﬁ"é’l d of propylene oxide to propylene fed will decrease
to about 15 90% . When propyl ene oxide is separated fromthe reaction
liquid after the epoxidation reaction, arf extra energy is required in a
separation step of propylene oxide and water conpared to Exanpl es because
water in the reaction liquid is separated to a propyl ene oxide side. 20

t NDUSTRI AL ARR:tI@ABIOf| qanasr s griitiedandbher commmulichghrougher peasthon:
invention, there can be provided a process for producing propyl ene oxide,
havi ng exceld Bathedgheeducdnigcthe Yafiac AOPRENHFEEASR LoV As2D50FPBEY| ene

into propyl ene oxi de using cunene hydr.oper oxi de as_an oxyqen carrier, can
be conduct @ TRBRFRE SR AHTLFAN CRAPTIRLHER LEh Ny aua C AT GBI {qPEopeE tY
purificatio sttg’% f. .pr.o A oxiqg as, P&g’/&gg 03849 a pr oduct .
PCT/ JP02/ 033’59 C&&Ikl%s ? cﬁq%}%celsse‘f ora}f)rodum propyl ene oxi de, which
conprises reacting propylene with cunene hydroperoxide in the presence 5 of
a catal yst, wherein a concentration of water contained in the propyl ene as
a raw nat er iEXIAMPL.E2% by wei ght or less. 2 . The process for producing
propyl ene oxide according to claim 1, wherein the concentration of water
cont ai ned | Ex@mplEopyltened 10 as a raw material is 1% by weight or |ess.
A9, A An. As% AL AL A% A8. A 68HNYZ| } +f M
Propylene containing a water amount shown in Table 1 and
cumene hydroperoxide were continuously passed through a fixed
10 bed flow reactor in which 85 g of a titanium-containing silicon
oxide catalyst was packed, at a ratio of 8 times by mole of
propylene per 1 mole of cumene hydroperoxide fed. The conversion
of cumene hydroperoxide was set to 99 % by adjusting a reaction
pressure to 4.8 MPa and controlling an inlet temperature. 1In
15 this case, the reaction temperature was 100C. A yield of

propylene oxide to propylene fed (PO selectivity) is shown in

Table 1.
Table 1
Example 1 Example 2 Example 3
Water content 0 0.1 0.2

(% by weight)

PO selectivity 99.7 99.6 99.4

(%)

20 Example 4
Propylene containing 1% by weight of water, 30 parts by weight

of cumene hydroperoxide and 70 parts by weight of cumene are
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+ oxide to propylene fed will be 95% or more.

Comparative Example 1

10 When an epoxidation reaction is carried out in the same
manner as in Example 4 except that the water concentration in
propylene is 3% by weight, propylene glycol and oligomers of
propylene glycol and propylene oxide will be produced and the
yield of propylene oxide to propylene fed will decrease to about

15 90%. When propylene oxide is separated from the reaction liquid
after the epoxidation reaction, an extra energy is required in
a separation step of propylene oxide and water compared to
Examples because water in the reaction liquid is separated to
a propylene oxide side.

20

INDUSTRIAL APPLICABILITY

As described above, according to the present invention,
there can be provided a process for producing propylene oxide,
having excellent characteristics in which the process converts

25 propylene into propylene oxide using cumene hydroperoxide as
an oxygen carrier, can be conducted under highyield, and further

can reduce a load in a purification step of propylene oxide as
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