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bed have been publicly known. Since the reaction 20 produci ng an oxirane
conpound from an organic Eerox de_and IS _an _exothermc
reaction, there have BBEF EFOEPQWERPPHFINFhQngéyFlSRMQQPHPpanles a sudden
generation of heat in the immbilized catal yst bed, thereby making
difficult a stable run, and sonmetinmes not only the catalyst is

deteriogat egh At S Frgdpthe yield is owered. DI SCLOSURE OF THE | NVENTI ON

The present invention relates to a process for producing
an oxirane compound. More particularly, the invention relates
to a process for producing an oxirane compound from an organic
peroxide other than ethylbenzene hydroperoxide and an olefin

10 in the presence of an immoblilized catalyst bed, wherein said
process for producing an oxirane compound has excellent
characteristics that it can prevent a runaway of a reaction
accompanied with generation of heat and can be stably carried
out with a high yileld.
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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 astable run,
and sometimes not only the catalyst is deteriorated but also

25 the yleld is lowered.

DISCLOSURE OF THE INVENTION

An object of the present invention is to provide a process



An object of the present invention is to provide a process PCT/JP01/02189 2
for produci ng an oxirane conpound from an organi c peroxide other than
et hyl benzeReT/HY/8pEPoxi de and an olef in in the presence of an

i mobi |i zed, catal yst bed, wherein said process for producing an oxirane
conmpound has excellent characteristics that 5 it can prevent a runaway of a
reaction acconpani ed with generation of2 heat and can be stably carried out
with a high yield. Nanely, the present invention relates to a process for
producing an oxirane conpound from an organic peroxide other than

et hyl benzene hydroperoxi de and an olefin in the presence 10 of an

i mobi | i zecfmpab@ucibg@,n okErane compoundcbsen aataxganic pekroxfidel aiiewy
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Namely, the present invention relates to a process for
producing an oxirane compound from an organic peroxide other
than ethylbenzene hydroperoxide and an olefin in the presence

10 of an immobillized 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 lnteger
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



Conparative Exanple 1. 1. catalyst bed, 2. fresh organic peroxide, 3.
fresh olefin, 4. cooling equipnment PCT/JPOL/ 02189 3 BEST MODE FOR CARRYI NG
‘OUT THE | NVENTYO@XP7A8°9 t he organi ¢ peroxi de ot her than ethyl benzene

hydr oper oxi de used in the present invention, organic peroxides 5 such as
tert-butyl hydroperoxide, isopropyl benzene hydroperoxide and the |ike, can
be exenplified. As the olef in used in tBBhe present invention, olef ins
having 3-8 carbons such as propyl ene, hexene, octene and the |like can be
exenplified. For exanple, when isopropyl benzene 10 hydroperoxide is used as
t he organi c peroxide other than ethyl benzene hydroperoxi de and propyl ene
Is used as the olef in, propylene oxide is obtained as the oxirane
conpound. The catal yst used in the present invention can include a

titani um cBEST MORE FOR EARRVIGNG QUTr JHPFSINVENTION | j ke. 15 Anpng them a
titaniumcontaining silicon oxide catal yst is referr?g@$;0n1the Vi ewpoi nt

that it allows affathfelfrIgRis meFRxifeerihery than Gt EQESe y. The

rocess fo r cti ' (o] i nventj tisfje he
ol T ow ng_ SIRGAREERates SE8ac Prbpdfet Su8ahatolt BN 18 H AR (S
catal ysg bg%%ha%% tled® -FRHIY VY Hy iR rehd déSed ddbrtify senMiy € n n is an
integer. of 2 or nore, (2) fresh ethylbéenzene hydroperoxi de is divided into
hydroperoxide and the like, can be exemplified.

As the olefin used in the present invention, olefins having
3-8 carbons such as propylene, hexene, octene and the like can
be exemplifled. For example, when ilsopropylbenzene

10 hydroperoxide 1s used as the organic peroxide other than
ethylbenzene hydroperoxide and propylene is used as the olefin,
propylene oxide i1s obtalned as the oxirane compound.

The catalyst used in the present invention can include
a titanium-containing silicon oxide catalyst and the like.

15 Among them, a titanium-containing silicon oxide catalyst is
preferred from the viewpoint that it allows attainment of a high
yvield and a high selectivity.

The process for production according to the present
invention satisfies the following conditions (1) to (4):

20 (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,

(2) fresh ethylbenzene hydroperoxide is divided into
portions, which are supplied torespective inlets of the catalyst

25 Dbeds,

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

(4) the reaction mixture discharged from each outlet of



portions, which are supplied to respective inlets of the catalyst 25 beds,
(3) afresh olefinis supplied to the inlet of the first catalyst bed, and
(4) the re8€¥PM/MRure discharged fromeach outlet of PCT/JP01/02189 4
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 catalyst bed into n beds and use tHemin series. The expression "use
in series”" 5 means a connection of catal yst beds in which a reaction

m xture froman outlet of a certain divided catalyst bed is supplied to an
i nl et of the subsequent catalyst bed and finally a reaction mxture is

obt ai ned f respectdyel eateflysitebpdshesaiufiyng the. fimglicatonkysy bed s an

i nteger of 2 or Iarger and is usually 2 10 to 20. Methads for dividing the
catal yst b&yrpaied Iorithe ilngett 1pf sy segian toPatRd¥iite P29ret hod in

catal y o3
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inlets of the catal yst beds (see Fig. land Fig . 2) . The term"fresh

organi c perfaomdan paanstanfoageerta2n @evibdedecatipbhystcbdd an cuippldedf the
system constituted
to an inlet of the subsequent catalyst bed and finally a reaction
‘mixture is obtained from an outlet of the n-th catalyst bed.
Additionally, n is an integer of 2 or larger and is usually 2
10 to 20. Methods for dividing the catalyst bed for distributing
the heat of reaction include a method in which independently
placed n reactofs containing the catalyst are used (Fig. 1),
a method in which catalyst beds are placed in partitions in one
reactor (Fig. 2) and the like. The divided catalyst beds may
15 be the same or different in the kind or amount of the catalyst
charged. .

The condition(2) is to divide and supply the fresh organic
peroxide to respective inlets of the catalyst beds (see Fig.
landFig.2). Theterm ‘freshorganicperoxide’ meansanorganic

20 peroxide supplied from outside of the system constituted
according to the invention.

The condition (3) is to supply an fresh olefin to an inlet
of the first catalyst bed (see Fig. 1 and Fig. 2). The term
fresh olefin means an olefin supplied from outside 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



according to the invention. The condition (3) is to supply an fresh olefin
tao an inlet of the first catalyst bed (see Fig. 1 and Fig. 2). The term
fresh ol ef Per/dedne218h ol ef in supplied fromoutside of the system 25
constituted according to the invention. It is preferred that the total
anount of the fresh olefin is supplied to an inlet of the first catal yst
bed, but a part of the fresh olef in nmayp be divided and supplied to other
place (s) than the inlet of the PCT/JPOL/ 02189 5 first catal yst bed insofar
as the effect of the present invention is not deteriorated. The
condition(4) is to supply the reaction mxture discharged fromeach outl et
of respect iflarstatatasysbbed imadfial ag the efite¢t ofl thexpaegenthawant idme
inlet of the subsequent catalyst bed (see Fig. 1 and Fig. 2) . In other

wor dsl, I t he isea@t &@Wm@e%i scharged froman outlet of a catalyst bed
serially passes through . catalyst bed (s) in. order. A part of the reaction
nixture di schar J&§ Frog‘m&%‘dt‘ﬁeﬁsoftog Q&WQ‘I@%%E&%@% THXLECd to 10
the inlet qof the sane.c t [ faol | tion
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above- descr conditions, the present 15 invention realizes the effect
that a runaey(oée Faacti aAAFURANPANI erh byhgen@irds , othereheat onanibaire
prevented and an oxirane conpound can be stably produced with high yield.
I n ot her watidssharged from an outlet of a catalyst bed serially passes
through catalyst bed(s) inorder. Apart of the reactionmixture
discharged from an outlet of a catalyst bed may be recycled to
10 the inlet of the same catalyst bed insofar as the effect of the
invention isnot deteriorated. Thisiseffective forpreventing
arise intemperature causedbytheheat of reactioninthecatalyst
bed.
By satisfying the above-described conditions, the present
15 invention realizes the effect that a runaway of reaction
accompanied by generation of heat can be prevented and an oxirane
compound can be stably producedwithhighyield. Inother words,
1t allows suppression of lowering in the catalyst activity by
thermal deterioration, shorteningof thecatalyst life, lowering
20 intheyield, runawayof thereactionand the like due togeneration
of heat accompanied by the reaction of the organic peroxide and
anolefin. Since the epoxidation reactionbetween ethylbenzene
hydroperoxide and an olefin generates very abundant heat and
is highly temperature-dependent, the reaction has high danger
25 of reaction runaway. Generally, the amount of reactionhas been
adjusted by controlling the temperature at the inlet of the

catalyst bed or by compulsorily removing heat from the outside.

However, 1t has become difficult to set the reaction temperature



it allows suppression of lowering in the catalyst activity by thernal
deterioration, shortening of the catalyst life, lowering 20 in the yield,
Tunaway of PEREPPRARIS%nNn and the |i ke due to generation of heat acconpani ed
by the reaction of the organic peroxide and an olef in. Since the

epoxi dation reaction between ethyl benzene hydroperoxide and an olefin
generates very abundant heat and 1is highly tenperature-dependent, the
reaction has high danger 25 of reaction runaway. Cenerally, the anmount of
reacti on has been adjusted by controlling the tenperature at the inlet of
the catalyst bed or by conpulsorily renoving heat fromthe outside.
However, i twiHds aceuameydacEordingtto dde ahtivityvtioHm spapdficucatalyst
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diff ' ' b h I he i

therefore, %t:tiﬁaiﬁ”ﬁ»lefv%?&frﬁ”@feaﬁuiﬁét? rad the SiPy pf bherFeaeten: d#pdl i s
t ' ' LDtk f

ronct on BT A1 LiDaY, BAT A oL Sa8, SBRC B8, bR b LEy TP e )

probl emin é&tgﬂ@gs@tﬂﬁgwe%d ?Pd;ﬁﬂé ¥i1 B9 aldd dita SU L8680 o SUERIYH Phlcrdhi§e ' i SE

I n tenperatur heat o e feaction can be controlled by

partitioni ngh tie ldneai @l ostréest Bowl @l Usit flow el grea®ted éogdebpect i ve
catal yst beds; therefore, it becones possible to prevent lowering in the
cat al yst agenoxtidendutecabssecthere his ya egpxblatennimnseabby cpehdebioni se in
tenperature in the catal yst bed, and additionally, the runaway of the
reaction byAGrerd&ing o hherRrRienh inyipiddanr the rise in temperature by

the heat of the reaction can be controlled by partitioning the
10 catalystbedéndadjustingfeedingamounttorespectivecatalyst
beds; therefore, 1t 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 feeding amount 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.



15 In the present invention, a heat-renoving apparatus such as a heat
exchanger may be equi pped between catal yst beds. This allows control of
the tenper CTIBOHP289e i nl et of each catal yst bed, and together with the
control of feeding amount of the organic peroxide, provides doubl e-safety
and -stability operation. 20 Furthernore, a catalyst bed wthout a feed of
the fresh organic peroxide may be placed subsequent to the |ast divided
catal yst bed. This is effective for treating an unreacted organic peroxide
in the reaction m xture discharged fromthe outlet of the |ast catalyst
bed. 25 The epoxidation tenperature is generally O to 200C and preferably
25 to 200C.ThHehaneness uie tihey diefdmy fpdessuletoslifdi tines , tprabepablyus d
st-ate of the reaction mxture. GCenerally, the pressure is advantageously
100 to 10, 00D SKPEimpeT/Nene /pRerablhe fRpdfttnes hdasiesk PR £he tatalio

100 tines, preferably 3 to 50 tinmes, nore preferably 5 to 20 tines, based
on the tot AOLaf e (PRI i rFeT ek K88 (4R G2t 2Lk RS beds.
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propyl ene and 1 sopropyl benzene ydr oper ox

reaction caredtxrigried 10 out in a liquid phase using a solvent. The
solvent is a liquid at the tenperature and the pressure of the reaction
and nust In a specific example of the reaction, a case wherein

propylene oxide is produced from propylene and isopropylbenzene
hydroperoxide is described 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 substantlially 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 1s 5 to 50% by
welght and preferably 10 to 40% by weight. When, for example,
it 1s a m:Lx_ture with isopropylbenzene as the raw material, said
material may be used for a solvent wlithout 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 1like. Whena titanium-containingsilicon compound catalyst
1sused as the catalyst, propyvlene oxide isobtained at areaction
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 propylene is recycled to the epoxidation step after

separation and purification, and reused.



be substantially inert to the reactants and the product. The solvent nmay
be conposed of a substance existing in a solution of isopropyl benzene

‘hydr oper oxiP6% JBH/02U8Py used. Usual |y, the 15 concentration of

i sopropyl benzene hydroperoxide is 5 to 50% by weight and preferably 10 to
40% by weight. Wen, for exanple, it is a mxture with isopropyl benzene as
the raw material, said material my be &used for a solvent w thout adding a
solvent in particular. O her useful solvents include nonocyclic aromatic
20 conpounds (e.g. benzene, toluene, chlorobenzene, o-dichlorobenzene),

al kanes (e.g. octane, decane, dodecane) and the like. Wen a

titani um cERAMBIIES) silicon conpound catalyst is used as the catalyst,
propyl ene oxide is obtained at a reaction pressure of 1 to 10 MPa and a
reaction t&HWampd€ile of 50 to 150C 25 with a feed of 1 to 20 times by nole
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of four independent catalyst be and 10 g/ hour a solution containing
25% by wei ghtsdifuti 150 'dunt dianzen e2 5% diy pas igti teoff Si $@siropy Poén g ur

portions to the four catalyst beds. On the other hand, 9 g/hour of
propyl ene iydmaxpempiide 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
10 outletof the first catalyst bediscooledbyacoolingequipment,
and the total amount i1s fed to the second catalyst bed together
with the divided 2.5 g/hour amount of the fresh isopropylbenzene
hydroperoxide raw material. The reaction mixtu:e discharged
from the outlet of the second catalyst bed is cooled, and the
15 total amount is fed to the third catalyst bed together with the
divided fresh isopropylbenzene hydroperoxiderawmaterial. The
reactionmixture discharged fromthe outlet of the third catalyst
bed is cooled, and the total amount is fed to the fourth catalyst
bed together with the divided fresh isopropylbenzene
20 hydroperoxide raw material. The pressure at the respective
catalyst beds 1s adjusted to 7.0 MPa, and the temperature ét
the inlet of the respective catalyst beds i1s adjusted such that
the conversionof the fed isopropylbenzene hydroperoxide becomes
99%. The results of reaction in this case are shown in Table
25 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



first ‘catal yst bed. The reaction m xture discharged fromthe 10 outl et of
the first catalyst bed is cooled by a cooling equipnment, and the total
anmount i s PEYIPOL/PHS%second catal yst bed together wth the divided 2. 5

g/ hour anount of the fresh isopropyl benzene hydroperoxide raw materi al .
The reaction m xture discharged fromthe outlet of the second catal yst bed

is cooled, and the 15 total amount is fed to the third catal yst bed
together with the divided fresh isopropyl benzene hydroperoxi de raw
material. The reaction m xture discharged fromthe outlet of the third
catalyst bed is cooled, and the total anpbunt is fed to the fourth catal yst

bed toget herf the Isamiecs ol wt tew abrigdsdt isdxanpded comtain(ding 2ip b parwed glet r aw
material. The pressure at the respective catau%st beds is adjusted to 7.0
MPa, and tIff tlagruapikenaeng hwdrarargilda andshepthonr @f 2 tsaRIs i s
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contai ni ng 25% by wei ght of 1sopropyl benzene hydroperoxi de and 9 g/ hour of

the samre oMM HE tak FBAEX8optepllbenzénd hy@reporotide hesanes at
the catalyst bed is adjusted to 7.0 MPa, and the tenperature 5 at the inlet

of the cat @94st IThe resaditssofdreactiomatn ttthds case are shown in Table

2, indicating that the yield of propylene decreases and produced

amount of acetophenone and phenol formed by thermal decomposition

10 of isopropylbenzene hydroperoxide lncreases.
[Table 1]
First Second Third Fourth Total
catalyst | catalyst | catalyst | catalyst
bed bed bed bed
Conversion of CHP
99 99 99 99 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
(%)




conversion of the fed isopropyl benzene hydroperoxi de becones 99% The
results of reaction in this case are shown in Table 2, indicating that the
yield of pPepytdnEldecreases and produced anount of acetophenone and
phenol f ormedby thermal deconposition 10 of isopropyl benzene

hydr oper oxi de i ncreases. [Table 1] FirstSecondThirdFourthTot al

cat al yst cat al ystcat al ystcat al yst bedbedb@dbed Conversion of CHP 9999999999
(%9 Yield of POC3" 9797979797 (% ACP/CHP 11111 PNL/CHP 0.50.50.50.50.5
(% PCT/JP01/02189 10 [Table 2] Total Conversion of CHP 99

[Table 2]
Total
Conversion of CHP
99
(%)
Yield of PO/C3'
90
(%)
ACP/CHP
10
(%)
PNL /CHP
5
(%)

[Description for Tables]
CHP: Isopropylbenzene hydroperoxide
5 PO: Propylene oxide
C3': Propylene
ACP: Acetophenone
PNL: Phenol
Conversion of CHP: [Reacted CHP/Supplied CHP] x 100 (%)
10 Yield of PO/C3': [Produced PO (mol)/Reacted C3' {(mol)] x 100
(%)
ACP/CHP: [Produced ACP (mol)/Reacted CHP (mol)] x 100 (%)
PNL/CHP: [Produced PNL (mol)/Reacted CHP (mol)] x 100 (%)

15 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



(% Yield of POC3'" 90 (%9 ACP/CHP 10 (%9 PNL/CHP 5 (% [Description for
Tabl es] CHP: | sopropyl benzene hydroperoxide 5 PO Propyl ene oxide C3':
‘Propyl ene BEFPOpPEtHphenone PNL: Phenol Conversion of CHP: [ Reacted

CHP/ Supplied CHP] x 100 (% 10 Yield of PO C3': [Produced PO (nol)/Reacted
C3" (mol)] x 100 (9% ACP/CHP: [Produced ACP (nol)/Reacted CHP (nol)] x 100
(%9 PNL/CHP:. [Produced PNL (nol)/Reactdd CHP (nmol)] x 100 (% 15

| NDUSTRI AL APPLI CABI LI TY As descri bed above, according to the present:
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 ofprodwbdihg asdoxiraheg stonpeind saviing regseslsl €rdr cRaTagPeTrioR1es

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.



11 produci ng an oxirane conpound havi ng excel |l ent characteristics that it
can prevent a runaway of reaction acconpanied by generation of heat and
can be st alBcy/IEe¥/02¥d out with high yield, can be provided. 5

PCT/ JPOL/ 02189 12 CLAIMS 1. A process for producing an oxirane conpound
froman organic peroxide other than ethyl benzene hydroperoxi de and an 5
olef inin the presence of an imobiliz&@ catal yst bed, wherein the
process satisfies the following conditions (1) to (4): (1) the catalyst
bed is divided into n catal yst beds and the catal yst beds are used in
series, wherein nis an integer of 2 or nore, 10 (2) a fresh organic
peroxide is divided into portions, weL&EM&re supplied to respective inlets
of- the catal yst beds, (3) a fresh olefin is supplied to the inlet of the
first catalyst bed, and (4) the reaction mxture di scharged from each

outlet of 15 respective catalyst beds excluding,the final catalLyst bed is
supplied to the ﬂglétpﬁpcﬁﬁé 5%558688HF1§§t5P;891588? é?m?ﬂgnér%%%@san |
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5 olefin in the presence 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,
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 claim 1, wherein the catalyst

is a titanium-containing silicon oxide catalyst.



