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6 July 2004 5 TECHNI CAL FI ELD The present invention relates to a process
for producing an oxirane conmpound. Mre particularly) the invention rel ates
to a process for producing an oxirane conmpound from an organi c peroxide

ot her than et hyl benzene hydroperoxi de and an olefin 10 in the presence of
an i mobilized catal yst bed, wherein said process for producing an oxirane
conpound has excellent characteristics that it can prevent a run&vdaly Bf0da
reacti on acconpani ed with generation of heat and can be stably carried out
with a high yield. 15 BACKGROUND ART Techni ques for produci ng an oxirane
conpound from an organi c peroxi de anEBCIRISIATION t he presence of an

i mmobi |i zed catal yst bed have been publicly known. Since the reaction 20
produci ng an oxirane conpound from an organi c peroxide and an olefin is an
exotherm c reaction, there have been_problens that the reaction acconpanies
a sudden generation of HERCESS tFER| RRBBPFIYEJ0&ERANES COMPPUNIher eby maki ng
difficult a stable run and sonmetinmes not only the catalyst is deteriorated
but also 25 the yield is |owered. D SCLOSURE OF THE | NVENTI ON An obj ect of

the presegt iﬁg@ﬁ%%@ELi§IEgDprovide a process 2 6 July 2004 for producing

an oxirane c rgani ¢ peroxi de other than ethyl benzene

hydroperoxide and amnelpidded difedt £520eq el ol AHAIdd 20¢ALALYTL: REC
wherein said process for producing an oxirane conpouridhasexcel e

charact eri st idsihdirdnd tonpdudieyelbra ﬁb&ﬁ@i‘@ﬁl@flﬁ, He9€ iR G PaNkL el s
with generation of heat and can be stably carried out with a high yield.
Narmel y, the preseprooassntfioenprelatésgt anapioees < dnfod®duein@nasrxhiane
conpound from an organi c peroxide other than ethyl benzene hydroperoxi de and
an olefini|1E?ﬁpﬁ%géeﬂébelotbﬁﬂaﬁthﬁﬁbﬁhkEzedhﬁérap¢$Dde@,anheaeinleﬁén
process @tisfies t he follomﬁng conditions (1) to (4): (.1 ) the catalyst
bed is difVi ded it RreseRf§sPT neRsianabi hbzedt apyal veedbedr ewhesginnsaid
e arie e Bthdekd, 80 BLEARE b Wil comddind A4S eSL PN

characteristics that it can prevent a runaway of a reaction

accompanied with gener‘ation of heat and can be stably carried
out with a high yield.
15

BACKGROUND ART

Techniques for producing an oxirane compound from an
organic peroxide and an olefin in the presence of an immobilized
catalyst bed have been publicly known. Since the reaction

20 producing an oxirane compound from an organic peroxide and‘an
olefin is an exothermic reaction, there have been problems that
the reaction accompanies a sudden generation of heat in the
immobilized catalyst bed, therebymakingdifficult a stable run,
and sometimes not only the catalyst is deteriorated but also

25 the vield is lowered.

DISCLOSURE OF THE INVENTION

An object of the present invention is to provide a process




whi ch are supplied to respective inlets of the catalyst beds) (3) a fresh
olefinis supplied to the inlet of the first catalyst bed, and (4) the
reaction m xture di scharged fromeach outlet of 20 respective catal yst beds
excluding the final catalyst bed is supplied to the inlet of the subsequent
catal yst bed. BRI EF DESCRI PTI ON OF THE DRAW NG Figures 1 to 3 show exanpl es
of enmbodi ments for practicing 25 the inventjon and Figure 4 shows an

enbodi nent according to Conparative Exanple 1. 1. catalyst bed) 2.JufwrB¥H
organi c peroxide) 3. fresh olefin, 4. cooling equi pnent 6 July 2004 BEST
MODE FOR CARRYI NG OUT THE | NVENTI ON As the organi c peroxi de other than

Tl _. ] . roxi ST g
cL! benzene RYALORgHAN e aeth i BeoBlLSARNL - DUEILL B0, O10RNLE fEL g deo
like, can be exgnmd iy ElenfSntey@tehéPols8E dMatdie AAESHN H B “?thFPE%

ol efins having 3-8 carbons such as propyl ene, hexene, octene an

can be exenpléfian. imbbelarelde canrary 5tS QIO PYIenzaNes var 9pseexsdeqts
used as the organi c peroxide other than ethyl benzene hydroperoxi de and
propyl ene i s pseduasnyle ot fane cpmppyingries oxkdel il snolirai metk @si ¢ hec®xhaane
conpound. The catal yst used in the present invention can include a

titani um éonthl ARRP IR VDA TOMiate waf alnyasctbinh aheonpheledvoitth yheakation
titani umcontaining silicon oxide catalyst is preferred fromthe viewoint
that it all oWt aReaFnABAL CeF &ems@@tym’ewréﬁ@cg R gt ezth ok yyighe.
process for productjon ccoiging to the, resgnt invintion satisfies the
fol | owi ng condition aniyto &) PregentndUgRAE0R: THedtes dPvPAJIRICFRES hoT

lyst bed - d ' Le8anher el Rl
catal yst be sp@ggugmggggﬁag¥$£a9§ éoﬁéguﬂaegrbﬂ.égr% %plgﬁé%%§§ﬁ§kggﬁ§%ﬁe

i nteger of 2 or nore, resh ofganic per oxi

hydr oper oxi detliléncgﬁ’ﬁffgeﬁﬁéﬁe Ry &+ OPEro¥haE Na Rl &rd WARE 16f 150 thESPEELLY e
inlets of the catal yst beds,
10 of an immobilized catalyst bed, wherein the process satisfies
the following conditions (1) to (4):

(1) the catalyst bed is divided into n catalyst beds and
the catalyst beds are used in series, wherein n is an integer
of 2 or more,

15 (2) a fresh organic peroxide is divided into portions,
which are supplied to respective inlets of the catalyst beds,

(3) a fresh olefin is supplied to the inlet of the first
catalyst bed, and

(4) the reaction mixture discharged from each outlet of

20 respective catalyst beds excluding the final catalyst bed is

supplied to the inlet of the subsequent catalyst bed.

BRIEF DESCRIPTION OF THE DRAWING

Figures 1 to 3 show examples of embodiments for practicing
25 the invention and Figure 4 shows an embodiment according to
Comparative Example 1.

1. catalyst bed, 2. fresh organic peroxide,

3. fresh olefin, 4. cooling equipment




( 3) afresh olefinis supplied to the inlet of the first catal yst bed,
and (4) the reaction m xture discharged fromeach outl et of 4 G July
2004 respective catal yst beds excluding the final catalyst bed is supplied
to the inlet of the subsequent catal yst bed. The condition (1) is to divide
the catal yst bed into n beds and use themin series. The expression "use in
series" 5 neans a connection of catalyst beds in which a reaction m xture
froman outlet of a certain divided catal yst bed is supplied to aduiynde# of
t he subsequent catal yst bed and finally a reaction mxture is obtained from
an outlet of the n-th catalyst bed. Additionally, n is an integer of 2 or

| arger and is usually 2 10 to 20. Methods for dividing the catal yst bed for
distributing the heat of reaction include a nmethod in which independently

placed n I eactpigy %@'%@é‘%éﬁﬁyfﬁ&abﬁ?Tﬁé%H@EﬂT&E@g- 1), a method in
whi ch cat al yst actor (Fig. 2) and
the like. The divid I S 15.Db LKiferent in the
ki nd or anount of tﬁ§5§§?§|§§ a%ﬁar%gg¥x% % g%%%?t?gﬁﬁ(%%hglggﬁfgﬂaivide
and supply theyfdeshe Q5680 G RRT X £ie R /sR3RESH ¥R Bhet !
beds (see Fig. % and Fig. 2 ) . The tetrp?n "fresh oggg%?%éeé%g%neg%ﬁe%tﬁ?%%
organi ¢ 20 persxditleas upptt esufyDnhoatspdeoridbhei syptremyaorstistut ed
according to the invention. The condition ( 3 ) is to supply an fresh
olefin to an ihydtomdrdtinidiasd thealyke, bedn(seeekiegpllifard . Fig. 2). The
termfresh olefin means an ol efin supplied fromoutside of the system 25
constituted accordi dg the ciefimeseddn the prespnifiervesd tdmat ol bBitsthalving
anount of the fresh olefin is supplied to an inlet of the first catalyst
bed, but a pari-HFCanbens ¥FNoREIRFPPBILRR. dioKaldl avtehspphidetihe ol Btderan
place ( s ) than the i{%gtﬂéf the 5 6 JuI¥ 2004 first catal yst bed

i nsofar as t heefFETPHIE 182 pFeEef¥aPRient VB8N {SABTcRydLEnGeReed. The
condition(4) i upply.the reaction m xture_discharged fromeach outl et
of respectiveéﬁééhékgg%)%% %ﬁc?ﬁﬁ%nastﬂ%ef?ﬁ%?nﬁgtEP§83198d°F58Fh§W%%eﬂ
of the subseq 1 i ) of.her ds )
the reaction %}Lﬁé%éﬁ g?ggg&)fer%g)%ia%ﬁ%ﬁ%ng:?)cbgfi%l%g‘tsa ?/%é Igll§edb“5§5’rli‘=" |31“y
passes throughhssdalersd hetfesid bproifes. & PREL oQfi rhRG ﬁ@%&'&.”‘_ xture
di scharged froman outlet of a catalyst bed may be recycle o the inlet of
the sane catal yst berthd nstfarysts ddwed eff atie @frddnt RpAHtADH Tatinclude
deteriorated.. This is effective for preventing a rise in tenperature caused
by the heat ofa rddtaniomieontbeiniral gélibed. oByidsatiashyiysg thé the like.
above-descri bed conditions, the present invention realizes the effect that
a runaway of F&RRY ol eRcoipaht2Blvy-gentpiring sLlhcen oxddse cptalastteds

and an oxirane _co oqgfggggb q%%%?blé_thgﬁ%g%ﬂgghgpgkggﬁgégéd. %nfpt%grh
words , it all f ' t MRt Pioy 119
t hermal deterirafi S [ atalystlife, lowering in the

yi el d, runama99%$&%%%“%é£g§%€£ %%éQ%E%OEFgé due to generation of heat

acconpani ed by the r@actd.af-0fs t Fer OpH8RhEL PER OXLHS AR gaR ;0L Gh preé'e%‘:e
t he epoxi dation reaction between the organic perOX|ge and an ol efin
gener at es ver yirhmdiood swedsfindsi §hbi gblyokengetahuieiderendgnto (g .
reacti on has hi gh danger of reaction runaway. Generally, the anount of
reacti on has been adjlisttdéa bptedgtstobkings tdieritdmpamdtainecatalpetitd &t afa
the catal yst bed or by conpul sorily renoving heat fromthe outside.
However, it hd$&ahfevh T fiada @nep used LReserhesi ovhesaperatis én integer

of 2 or more,

(2) a fresh crganic peroxide other than ethylbenzene
hydroperoxide is divided intc portions, which are supplied

to respective inlets of the catalyst beds,

{3) a fresh olefin is supplied to the inlet of the first

catalyst bed, and

(4) the reaction mixture discharged from each outlet of



6 6 July 2004 with accuracy according to the activity of a specific
catalyst owing to a change in the catalyst activity with tinme or difference
intime between the outlet and the inlet of the reactor, and therefore, not
only problens arises that the activity of the 5 catalyst is |owered and the
yi el d decreases due to sudden increase in the anmbunt of reaction and
outfl ow of unreacted organi c peroxide) but 4al so there is a problemin
stabl e operation. According to the present invention, the rise igfluly2004
tenperature by the heat of the reaction can be controlled by partitioning
the 10 catal yst bed and adjusting feeding anount to respective catal yst
beds; therefarespddtibecaesappstibé@stexpledeny tbaefinglacatahestabalyss
activity and decrease in the yield acconpani ed by sudden rise in

t enper at ur e isvarhlelarht e yeebéa)esndfaddet sovslagpenthecatimbamgly wédt he
reaction by a rise in the reaction tenperature, 15 In the present

i nvention, a heat - resoWRFARbpar at bis %%cﬁoa%lﬁiﬂ%th%x%ﬁﬁﬁgﬁﬁtnﬁ?dbénto n

equi pped between catal yst heds.. This allo control of the,tenperature a
T Thi et of i Tl Tt AT a8t hertie (R HRS LT VS BF Ch Rt E5e

oper ati on® 20FIH Aer bR e tatRe B G B MR W d pap S bt rure
or gani ¢ per 0% i 1Y e Rl aced! subsecuental e dbe Laehidhyided ot abysts bed.

This is effect for treating an unreacted organic pefoxide in t

reaction m xtyy gndiscdbgethé APIRfrcit Lt adistheed asla £8421 Vola PESct 26n
The epoxidation tenperature is generally 0 to 200C and preferably 25 to
200C. The pr esistnereays kibeainpdessonecasubfittéenbft ch&kerpthi gutdl gt at ve@f
the reaction m xture. Cenerally, the pressure is advantageously 100 to

10, 000 kPa. Additienyll904nThe amourtedfr tdfe Dloaf ilarged agdlisous08liyngs,
preferabaé 3 to 50 tines, nore preferably 5 to 20 tinmes, based on the total
mol ar nufBer 1 %4the Ye§ARdS erotivedied tre Catalmit bedsfopsdkfiyibuting
unreacted olefin.is recycled after, separation and. .5 purificafion and used
no The raw ettt imEat G CHERepbaR b T DACR ehche BROa) Mo e SR £,
the reaction, i r e . OXi i e o] o] ne, and
isopropylbenf%%%g ygﬁgggégiﬁﬁg ?gxéggg%ﬁéegﬁ%eﬁgaéggﬁg g%%c?%gﬁ @g%sbelf'
carried 10 oui deltrdd hAkyHi BRasSt 48y 86 ‘:?e@@'a‘f%n%);laEEﬁ $RIp#EAti i Lnaghd
at the tenperature and the pressure of the reaction and nust be

substanti al | yréaetdért oFride z papi@nitte drnicd he Thieodustidetheasall yernt beay Rey
conposed of a substance existing in a solution of isopropyl benzene

hydr oper d%i debacthsalsdameusad difSealeint, inhthé 5k tod centanaturgn odf the catalyst
i sopropyl benzene hydroperoxide is 5 to 50~ by weight and preferably 10 to
40~ by wei ghtShaFead-for exanple) it is a mixture with isopropyl benzene as

th terial, i d terial b d.f | t Wt ddi
sol vent i parti cul Bpe Gt Rl 18crd e e Rnro LU eI S BheEREe20
compounds (o. o geobenens) -LabueRecChALBRLOREL cararver peds fsoe, b1

o-di chl orobenzenej , al kanes . 0Ct ane, decane, do . &l a
titani um cont ghhRiands | 2 $0n EIPRYAC G M ¥B8hah ScPpeed:Ad Neneedstd VSt ganic
propyl ene oxide is obtained at a reaction pressure of 1 to 10 MPa an% a
reacti on 20enppeabiideobudpliedl FaEm Dk dida deethof sgstem20ohstesubyanol e
of propyl ene based on the nolar anount of fresh isopropyl benzene

hydr oper oxi deafedrdingedct adreprigpiareniedni s recycl ed to the epoxi dation step
after separation ang purification, and reused.

he condition (3) is to supply ar81 fresh olefin to an inlet

of the first catalyst bed (see Fig. 1 and Fig. 2)}. The term
fresh olefin means an olefin supplied fromoutside of the system

25 constituted according to the invention. It is preferred that

the total amount of the fresh olefin is supplied to an inlet

of the first catalyst bed, but a part of the fresh olefin may

be divided and supplied to other place({s} than the inlet of the




G July 2004 EXAMPLES Exanple 1 Referring to Fig. 3, each 2 g and total 8 g
of Ti-containing silicon oxide catalyst is charged in a fixed-bed fl ow
reactor 5 conposed of four independent catal yst beds) and 10 g/ hour of a
sol ution containing 25~ by wei ght of isopropyl benzene hydroperoxide is fed
in 2 .5 g/hour portions to the four catal yst beds. On the other hand, 9

g/ hour of propylene is fed to the first catal yst bed. The reaction m xture
di scharged fromthe 10 outlet of the firt catal yst bed i s cool ed Joly 2004
cool ing equi pnent, and the total anount is fed to the second catal yst bed
together with the divided 2. 5 g/hour amount of the fresh isopropyl benzene

hydr oper oxi de raw material . The reaction m xture di scharged fromthe outl et
of the secdmF Tafalpde sERe 4NE88IPERS 2RE e ABofdihg PaRGERL invdnttidro t he

third catalyst bed to%et her with the divided fresh isopropyl benzene
hydr oper oxite 73w FateF+aF2t§fe reaction mixture discharged fromthe outl et

of the third cata{.ﬁ/st beéi,'s [ b}ed%i %nd t he togr_ | amount, is fed to the
fourth catal yst bed tog% Jn{é O’\?\f? tRe Hi TPERGYT g?hrie Mtz Eite 20
hyd i ral.. Th t fi t al yst_ bed
o usted t oo (AR SR ea G, FLEEBE R e d it d CRRRELp ¥ Bpdti e
catalyst badss ISl bakad SChelingl {HIe GARCHE PRe Aub bl catalyst

i sopropyl benzene hydroper 0xi de beconmes 99~. The res s of rfeactrton-inthis

case are shovm(kBe Faly e120dlFi §omar athverenBkasl fef EEEE@Qphq?i'::iiﬂzreA“ 8

g of the same catalyst as that in Exanple 1 is charged in a single catal yst
bed, and 1Giigidtoarged 9 fom Tanyo2004tobrt hecararysel Wadmeaas 41138 ddxdasanml e
1 containing 25~ by wei ght of isopropyl benzene hydroperoxi de and 9 g/ hour
of the sanglpropsh eatadysttiad{s) Exanplerl armafedftiles ebactIbe miesmy e at
the catalyst bed is adjusted to 7.0 MPa) and the tenperature 5 at the inlet
of the cat &3atharged g’%ﬂ!‘} @st egtdgshof hatcatell von\eedsmay bé téeyéhbed to

i sopropyl benzene _hydr gper oxi de becones 99~. The results of reaction in this

case are sHotth FrtSTaBFetBe S3Rf Cathady Shiediesgfar Roiths epfretecfiddreases
o i Bopr opT A e A AP D P R B ncbet s Lo iy ve Bot praventing |
FirstS Thi ly.st | yst hedbedbedbedCo

elr gisdneg?n%_ﬁigégggg‘ﬁgeg@%ﬁ% ?AMEEE%W%SIHQQI: alevsdat aly st bgdhedbedbedConv

PO C3' 9797 %Xy 97ACP/ CHP11111( % PM./ CHPO. 50. 5~ 0. 50. 50. 5 to G July 2004
[ Tabl e 2]

By satisfying the above-described conditions, the present
inventicn realizes the efféct that a runaway of reaction
accompanied by generation of heat can be prevented and an oxirane
compound can be stably producedwithhighyield. Inotherwords,
it allows suppression of lowering in the catalyst activity by
thermal deterioration, shorteningof thecatalystlife, lowering
intheyield, runawayof thereactionandthe like due togeneration
of heat accompanied by the reaction of the organic peroxide and

an olefin. Since the epoxidation reaction between the
organic peroxide and an olefin generates very abundant
heat and is highly temperature-dependent, the reaction has
high danger of reaction runaway. Generally, the amount of
reaction has been adjusted by controlling the temperature
at the inlet of the catalyst bed or by compulsorily

removing heat from the outside. However, it has become

difficult to set the reaction temperature




Tot al Conversi on of CHP99(g)Yield of PO C3' 90($) ACP/ CHP10PNL/ CHP5( $)

[ Description for Tables] CHP: I|sopropyl benzene hydroperoxide 5 PO

Propyl ene oxide C3': Propyl ene ACP: Acet ophenone PNL: Phenol Conversion of
CHP: [ Reacted CHP/ Supplied CHP] x 100 10 Yield of PO C3': [Produced PO
(mol )/ Reacted C3' (nmol)] x 100 (g) ACP/ CHP: [Produced ACP (nol)/Reacted CHP
(nol)] x 100 PNL/CHP: [Produced PNL (nol)/Reacted CHP (nol)] x 100 15

| NDUSTRI AL APPLI CABI LI TY As described above) according to the pregdent2004
invention, a process for producing an oxirane conpound from an organic

per oxi de ot her than ethyl benzene hydroperoxide and an olefin in the

presence of iwnhbhidézetacptadysidbegto sakdapt06e8§ d0ra spbbiGidubyt3004t
produci ng an oxirane conpound havi ng excellent characteristics that it can

prevent a runewaygdo aehehigeni mttenymEm Bk bycgendtsatyorh efimbent dapdeeanche
stably carried out with high yield, can be provided. 5 12 CLAIMS 6 , Tiny
2004 1. A protRstimerbpiedani hjeanubketansdcbhpoindefr oM aheorganitor, and
peroxi de other than ethyl benzene hydroperoxide and an 5 olefin in the

presence of ak'PREBBFEIzBRtcaRAVYBECBéETSWAELERR thatptbeesstdutityf ofsthhe

) L ) -
f0||0mnngSCOqgé£égggt&Qléﬁg£eAandtheyielddecreasesduetosuddenincrease

in the amount of reaction and outflow of unreacted organic
peroxide, but also there is a problem in stable operation.
According to the present invention, the rise in temperature by
the heat of the reaction can be controlled by partitioning the
10 catalyst bed and adjusting feeding amount to respective catalyst
beds; therefore, it becomes possible to prevent lowering in the
catalyst activity and decrease in the yield accompanied by sudden
rise in temperature in the catalyst bed, and additionally, the
runaway of the reaction by a rise in the reaction temperature.
15 In the present invention, a heat-removing apparatus such as a
heat exchanger may be equipped between catalyst beds. This
allows control of the temperature at the inlet of each catalyst
bed, and togetherwith the control of feedingamount of the organic
peroxide, provides double-safety and -stability operation.
20 Furthermore, a catalyst bed without a feed of the fresh
organic peroxide may be placed subsequent to the last divided
catalyst bed. This is effective for treating an unreacted
organic peroxide in the reaction mixture discharged from the
outlet of the last catalyst bed.
25 The epoxidation temperature is generally 0 to 200°C and
preferably 25 to 200°C. The pressure may_be any pressure
sufficient to keep liquid state of the reaction mixture.

Generally, the pressure is advantageously 100 to 10,000 kPa.



(1) the catalyst bed is divided into n catal yst beds and the catal yst
beds are used in series, wherein n is an integer of 2 or nore, 10 (2) a
fresh organic peroxide is divided into portions) which are supplied to
respective inlets of the catalyst beds, (3) a fresh olefin is supplied to
the inlet of the first catalyst bed, and (4) the reaction m xture

di scharged fromeach outlet of 15 respecti Ve catal yst beds excluding the
final catalyst bed is supplied to the inlet of the subsequent catalijss2Oided.
2. The process according to claiml1, wherein the catalyst is a
titaniumcontaining silicon oxide catal yst.

/ NOW N/ Ns GT/ N RIGTWNGE /ND/ Nty L ¢ NSO <F a7 CEUQTe TK®-: times, preferably 3
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ca] ca] ca]ca] ca ca]ca]cgécajca ca]qa]caLca]ca]ca%ca?CUHgE! pSL0%& ()-
p$10% & () - };&%qu&z@:ﬂ ® hpdpegcribed below. The reaction can be carried

10 out in a liquid phase using a solvent. The solvent is a liquid
at the temperature and the pressure of the reaction and must
be substantially inert to the reactants and the product. The
solvent may be composed of a substance existing in a solution
of isopropylbenzene hydroperoxide actually used. Usually, the

15 concentration of isopropylbenzene hydroperoxide is 5 to 50% by
weight and preferably 10 to 40% by weight. When, for example,
it is a mixture with isopropylbenzene as the raw material, said
material may be used for a solvent without adding a solvent in
particular. Other useful solvents include monocyclic aromatic

20 compounds (e.g. benzene, toluene, chlorobenzene,
o-dichlorobenzene), alkanes (e.g. octane, decane, dodecane) and
the 1ike. When a titanium-containing silicon compound catalyst
isusedas the catalyst, propylene oxide is obtained at a reaction
pressure of 1 to 10 MPa and a reaction temperature of 50 to 150°C

25 with a feed of 1 to 20 times by mole of propylene based on the
molar amount of fresh isopropylbenzene hydroperoxide fed.
Unreacted propylen.e' is recycled to the epoxidation step after

separation and purification, and reused.
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Example 1

Referring toFig. 3, each 2 gand total 8 gof Ti-containing
silicon oxide catalyst is charged in a fixed-bed flow reactor
composed of four independent catalyst beds, and 10 g/hour of
a solution containing 25% by weight of isopropylbenzene
hydroperoxide is fed in 2.5 g/hour portions to the four catalyst
beds. On the other hand, 9 g/hour of propylene is fed to the
first catalyst bed. The reaction mixture discharged from the
outlet of the first catalyst bedis cooledbyacooling equipment,
and the total amount is fed to the second catalyst bed together
with the divided 2.5 g/hour amount of the fresh isopropylbenzene
hydroperoxide raw material. The reaction mixture discharged
from the outlet of the second catalyst bed is cooled, and the
total amount is fed to the third catalyst bed together with the
divided freshisopropylbenzenehydroperoxiderawmaterial, The
reactionmixturedischargedfromtheoutletofthethirdcatalyst
bed is cooled, and the t‘o'tal amount is fed to the fourth catalyst
bed togethexr with the divided fresh isopropylbenzene
hydroperoxide raw material. The pressure at the respective
catalyst beds is adjusted to 7.0 MPa, and the temperature at
the inlet of the respective catalyst beds is adjusted such that
the conversion of the fed isopropylbenzene hydroperoxide becomes
99%. The results of reaction in this case are shown in Table
1.

Comparative Example 1
Referring to Fig. 4, 8 g of the same catalyst as that in

Example 1 is charged in a single catalyst bed, and 10 g/hour
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of isopropylbenzene hydroperoxide and 9 g/hour of the same
propylene as that in Example 1 are fed thereto. The pressure
at the catalyst bed is adjusted to 7.0 MPa, and the temperature
5 at the inlet of the catalyst bed is adjusted such that the
conversion of the fed isopropylbenzene hydroperoxide becomes
99%. The results of reaction in this case are shown in Table
2, indicating that the y_ield of propylene decreases and produced

amountofacetophenoneaﬁdphenolformedbythermaldecomposition

10 of isopropylbenzene hydroperoxide increases.

[Table 1]
First Second Third Fourth Total
catalyst |catalyst | catalyst |catalyst
bed bed bed bed
Conversion of CHP
99 99 99 g9 99
(%)
Yield of PO/C3’
97 97 97 97 97
(%)
ACP/CHP
1 1 1 1 1
(%)
PNL/CHP
0.5 0.5 0.5 0.5 0.5
(%)
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C3': Propylene
ACP: Acetophenone
PNL: Phenol
Conversion of CHP:
Yield of PO/C3':

(%)

[Reacted

[Produced PO (mol)/Reacted C3!

CHP/Supplied CHP] x 100 (%)

(mol}] x 100

ACP/CHP: [Produced ACP (mol)/Reacted CHP (mol)] x 100 (%)

PNL/CHP: [Produced PNL (mol)/Reacted CHP (mol)] x 100 (%)

INDUSTRIAL APPLICABILITY

As described above, according to the present invention,

a process for producing an oxirane compound from an organic

peroxide other than ethylbenzene hydroperoxide and an olefin

in the presence of immobilized catalyst beds, said process for
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producing an oxirane compound having excellent characteristics
that it can prevent a runaway of reaction accompanied by

generation of heat and can be stably carried out with high yield,

can be provided.
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e process satis “the folYowing conditions (1) to (4):
(1} the catalyst bed is divided into n catalyst beds and
the catalyst beds are used in series, wherein n is an integer
of 2 or more,
10 (2) a fresh organic peroxide is divided into portions,
which are supplied to respective inlets of the catalyst beds,
{3) a fresh olefin is supplied to the inlet of the first
catalyst bed, and
(4) the reaction mixture discharged from each outlet of
15 respective catalyst beds excluding the final catalyst bed is
supplied to the inlet of the subsequent catalyst bed.

2. The process according to ¢laim 1, wherein the catalyst

is a titanium-containing silicon oxide catalyst.




