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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 ethylbenzene
hydroperoxide and an olefin in the presence of an immobilized
10 catalyst bed, wherein sald 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 under a high yield.

15 BACKGROUND ART

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

20 hydroperoxide and an olefin is an exothermic reaction, there
have been problems that the reaction accompdnies a sudden
generation of heat in the immobilized catalyst bed, thereby
makingdifficultastablerun,andsometimesnotonlythecatalyst
ig deteriorated but also the yield is lowered.

25
DISCLOSURE OF INVENTION

An object of the present invention is to provide a process

for producing an oxirane compound from ethylbenzene
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Namely, the present invention relates to a process for
producing an oxirane compound from ethylbenzene hydroperoxide
and an olefin in the presence of an immobilized catalyst bed,
wherein the process satisfies the following conditions (1) to

10 (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,

(2) fresh ethylbenzene hydroperoxide is divided into

15 portions,whicharesuppliedtorespectiveinletsofthecatalyst

beds,
(3) 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 peds excluding the final catalyst bed 1s

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 ethylbenzene hydroperoxide,

3. fresh olefin, 4. Cooling equipment
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The catalyst used in the present invention can include
a titanium-containing silicon oxide catalyst and the like.
Among them, a titanium-containing silicon oxide catalyst is
10 preferred from the viewpoint that it allows attainment of a high
yield and a high selectivity.
The process for production according to the present
invention satisfies the following conditions (1) to (4):
(1) the catalyst bed is divided into n catalyst beds and
15 the catalyst beds are used in series, wherein n is an integer

of 2 or more,

(2) fresh ethylbenzene hydroperoxide is divided into
portions,whicharesuppliedtorespectiveinletsofthecatalyst
beds,

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

(4) the reaction mixture discharged from each outlet of
respective catalyst beds excluding the final catalyst bed is
supplied to the inlet of the subsequent catalyst bed.

25 The condition (1) is to divide the catalyst bed into at
least n beds and use them in series. The expression "use in
series" means a connection of catalyst beds in which a reactlon

mixture from an outlet of a certain divided catalyst bed is
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be the same or different in the kind or amount of the catalyst
10 charged.

The condition(2) is todivideand supply freshethylbenzene
hydroperoxide to respective inlets of the catalyst beds (see
Fig. landFig. 2). The term "fresh ethylbenzene hydroperoxide”
means ethylbenzene hydroperoxide supplied from outside of the

15 system constituted according to the present 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
constituted according to the invention. It is preferred that

20 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
first catalyst bed insofar as the effect of the present invention
is not deterilorated.
25 The condition(4) is to supply the reaction mixture
discharged fromeachoutletof re spectivecatalyst beds excluding
the final catalyst bed to the inlet of the subsequent catalyst

bed (see Fig. 1andFig. 2). In other words, the reaction mixture
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invention realizes the effect that a runaway of reaction

10 accompanied by generation of heat can be prevented and an oxirane
compound can be stably produced with highyield. Inother words,
it allows suppression of lowering in the catalyst activity by
thermaldeterioration,shorteningofthecatalystlife,lowering
intheyield,runawayofthereactionandthelikeduetogeneration

15 ofheataccompaniedbythereactionofethylbenzenehydroperoxide
and an olefin. Since the epoxidation reaction between
ethylbenzenehydroperoxideandanolefingeneratesveryabundant
heat and is highly temperature-dependent. the reaction has a
high danger of reaction runaway. Generally, the amount of

20 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 with accuracy according to the activity
of a specific catalyst owlng to a change in the catalyst activity

25 with time 6r difference in time between the outlet and the inlet
of the reactor, and therefore, not only problems arises that
the activity of the catalyst 1g lowered and the yleld decreases

due to sudden increase in the amount of reaction and outflow



~the activity of the catal [ i
Vi, _ yst is lowered and the yield decreases due

3ﬁ?g:2tggcreaselln t he annunt of reaction and outflom/PCT/JP01/021gg %Oof
 unr eact mgpg@@hg;pﬁrOX|de, but also there is a problemin stable
-tﬁe he;gnbfAfﬁgr?gggtfg t he pLesent i nvention, the rise in tenperature by

eat of : n can be controlled b artiti [
-bed and adj usting feedin Y ot Dot fhorel ot
- . g anount 5 to kespective cat al :
it becones possible to prevent lo [ [ ot antivi ty o e
] : _ lowering in the catalyst activit ’
ggfgfazf |Be;he éleld_apconpanled by sudden rise in ¥enperatureyiﬁn?he

y , and additionally, the runaway of the reaction by a rise in

e ar o s o gheaBEE 81 faahlo! PeroxDaenth T Ee shers 18 a@ECHAbEMg
THS" 3 e spbzatashe ixomumatng bo She BRebERF i Gty ERFAD bes
hydr oper osirde enperaitizs ;:gégmeeﬁgaitggg ' Re Terakigh FAT T SOl Led
ot cperoamsenaes iana sheschNR R i sRIGPe o Ldehg e
T B cnpaarSunF SERLU P R ety Pepaanernsiponstotacks (e
N A e
(e £ G Al s dgaoaicspecas semporagurringas drseiiots s
to 25 50 thgRS, aN@ AL Efenably, Sthe RMmavap Lt Hggeég%o?‘:?ltgeﬁ%’ bSt §|f gin%?!a? °
in the reaction temperature. In the present invention, a

10 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 together with the control
of feeding amount of ethylbenzene hydroperoxide, provides
double-safety and -steady operation.

15 Furthermore, a catalyst bed without a feed of fresh
ethylbenzene hydroperoxide may be placed subsequent to the last
divided catalyst bed. This i1s effective for treating unreacted
ethylbenzene hydroperoxide in the reaction mixture discharged
from the outlet of the last catalyst bed.

20 The epoxidation temperature 1is 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 ig advantageously 100 to 10,000 kPa.

The amount of an olefin fed ig 1 to 100 times, preferably 3 to

25 50 times, more preferably 5 to 20 times, based on the total molar
number of ethylbenzene hydroperoxide fed to catalyst beds.
Usually, unreacted olefin 1s recycled after separation and

purification and used as the raw material for the epoxidation
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solvent may be composed of a substance existing in a solution

of ethylbenzene hydroperoxide actually used. Usually, the

10 concentrationof ethylbenzene hydroperoxide is 5 to 50% by weight
and preferably 10 to 40% by weight. When, for example, it 1s
a mixture with ethylbenzene as the raw material, said material
may be used for a solvent without addinga solvent in particular.
Other useful solvents include monocyclicaromatic compounds (e.g.

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

20 a feed of 1 to 20 times by mole of propylene based on the molar
amount of fresh ethylbenzene hydroperoxide fed. Unreacted
propylene 1is recycled to the epoxidation step after separation
and purification, and reused.

EXAMPLES

25 Example 1
Referring to Fig. 3, each 2 gand total 8g of Ti-containing

silicon oxide catalyst is charged in a fixed-bed flow reactor

composed of four independent catalyst beds, and 10 g/hour of
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from the outlet of the second catalyst bed is cooled, and the
10 total amount is fed to the third catalyst bed together with the
divided fresh ethylbenzene hydroperoxide raw material. The
reaction mixture discharged from the ou_tlet of the third catalyst
bed is cooled, and the total amount 1s fed to the fourth catalyst
bed together with the divided fresh ethylbenzene hydroperoxide
15 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 ethylbenzene hydroperoxide becomes 99%. The results

of reaction in thils case are shown in Table 1.

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

Example 1 is charged in a single catalyst bed, and 10 g/hour
of the same solution as that in Example 1 containing 30% by weight
of ethylbenzene hydroperoxideandl15g /hour of the same propylene
25 asthat inExample 1 are fed thereto. Thepressureatthe catalyst
bed is adjusted to 7.0 MPa, and the temperature at the inlet
of the catalyst bed is adjusted such that the conversion of the

fed ethylbenzene hydroperoxide becomes 99%. The results of



_of ethyl benzene hydroperoxide and 15 g/ hour of the sanme propyl ene 25 as
that in Exanple 1 are fed thereto . The pressure at the catalyst bed is
adj usted t@,4pfl/M28s and the tenperature at the inlet of the catalyst bed
- i.s adjusted sucﬁ that the conversion of the fed ethyl benzene hydroperoxi de
-becones -99% The results of PCT/JPOL/ 02188 9 reaction in this case are
.shown in Table 2, indicating that the oyield of propyl ene decreases and
“produced anount of acetophenone and phenol formed by thermal deconposition
“of ethyl benzene hydroperoxide increases. 5 [Table 11 Total Conversion of
EHP 99 (% Yield of POC3" 89 (% ACP/EHP 8 (% PNL/EHP 3 (%

Fi st SecondThisfpYnt fn £4icH 36 beet show dar Zab3ecat dnfdcrsdald Beabedtdbed
. yieldofpropylenedecreasesandproducedamountofacetophenone
and phenol formed by thermal decomposition of ethylbenzene
hydroperoxide increases.

5 [Table 1]

First Second |Third Fourth
catalyst | catalyst catalyst | catalyst Total
bed bed bed bed
Conversion of EHP 99 99 99 09 09
(%)
]
Yield of PO/C3 o7 o7 o7 97 o7
(%)
ACP/EHP L . L . .
(%)
PNL/EHE 0.5 0.5 0.5 0.5 0.5
(%)
[Table 2]
Total
conversion of EHP o9
(%)
vield of PO/C3'
89
(%)
ACP/EHP 8
(%)
PNL/EHP 5
(%)

[Description for Tables]



_ Conversion of EHP9999999999 (% Yield
: of PO C3' 9797979797 (9
$25{55F1é111 (% PNL/EHPO. 50.50.50.50.5 (% [Table 2] [Desg;?ption for
" oxide'CB';Eg§§g$f§§g88Aég EZP:tEtEylbenzene hydr oper oxi de PO: Propyl ene
; _ . Acetophenone 5 PNL: Phenol Co ' :
-[ Reacted EHP/ Supplied EHP] x 100 (% ' o etncod PO (no
. Yield of POC31 : [Prod
JReacted C3' (mol)] x 100 (% ACP/EHP (ol 3/ Foaeted BB )
- 10[ Produced ACP (nol)/R
(mol)] x 100 (%9 10 PNL/EHP: [Produ L o o
] : ced PNL (nol )/ Reacted EHP
(% |1 NDUSTRI AL APPLI CABI LI TY As descri bed above,)according to Eggléleéeﬁgo

invention, a process for producing an oxirane compound from et hyl benzene
EHP: Ethylbenzene hydroperoxide

PO: Propylene oxide
C3': Propylene
ACP: Acetophenone
5 PNL: Phenol
Conversion of EHP: [Reacted EHP/Supplied EHP] x 100 (%)
vield of PO/C3': [Produced PO (mol)/Reacted Cc3' (mol)] x 100
(%)
ACP/EHP: [Produced ACP (mol) /Reacted EHP (mol)] x 100 (%)

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

INDUSTRIAL APPLICABILITY

As described above, according to the present inventilon,
a process for producing an oxirane compound from ethylbenzene
15 hydroperoxide and an olefin in the presence of immobilized
catalyst beds, sald process for producing an oxirane comp.ound,
having excellent characteristics that 1t can prevent a runaway
of reaction accompanied by generation of heat and can be stably
carried out with high yield, can be provided.

20



. 15 hydroperoxide and an olefin in the presence of imobilized catalyst
beds, said process for producing an oxirane conpound, having excell ent

charaéter%gb&g&Jgngg it can prevent a runaway of reaction acconpani ed by
- generation of heat and can be stably carried out with high yield, can be
-provi ded. 20 PCT/JP01/02188 11 CLAIMS 1. A process for producing an oxirane
-conmpound from ethyl benzene hydroperoxide and an ol ef

“an 5 inmobilized catal yst bed, wherein the process satisfies the
“conditions (1) to (4):

whi ch are supplied to respective inlets of the catalyst beds, (3) fresh

olefin is supplied to the inlet of the first

reaction mxture discharged fromeach outlet of  respect] talyst beds
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subsequent catal yst bed. 2. The process, accoydj gptﬁgaéféé%n&bQﬁﬁhh t he
st.

cat al yst
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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,

(2) fresh ethylbenzene hydroperoxide is divided into
portions,whicharesuppliedtorespectiveinletsofthecatalyst

beds,
(3) fresh olefin 1is supplied to the inlet of the first

catalyst bed, and

(4) the reaction mixture discharged from each outlet of
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.

inin the presence of
foll ow ng
(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

more, 10 (2) fresh ethyl benzene hydr quaIMS de is divided into portions,

catal yst bed, and 15 (4) the




