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PROCESS FOR PRODUCING EPOXIDIZED PRODUCT OF OLEFINS

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a process for producing
an epoxidized product of olefins. More particularly, it
relates to a process for producing an epoxidized product of
olefins, which comprises reacting olefins with hydrogen

peroxide in an alcohol medium.

2. Description of Related Art

An epoxidized product of olefins, particularly propylene
oxide, is one of important industrial products as a raw
material of propylene glycol, polypropylene glycol, etc.

As a general industrial process of producing propylene
oxide, for example, a chlorohydrin process, a Halcon process
and a peracetic acid process are known but these processs had
a problem that, since a large amount of by-products are

produced, s of the resultant by-products

d;s[:oseo.

is required.

To the contrary, a process of using hydrogen peroxide
in the presence of a titanium compound has an advantage that
a large amount of by-products are not produced (Japanese Patent
KokokuNo. 4-5028 andU.S. Patent No. 5,354,875). For example,

Japanese Patent Kokoku No. 4-5028 discloses that an olefin
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BACKGROUND OF THE | NVENTI ON 1. Field of the Invention 5 The
present invention relates to a procegsstliadH-aflphdsg an epoxidi zed product

of - olefins. More particularly, it 9 process for produci ng an
epoxi di zed product of ol efins whi im WWH imieacti ng olefins with
hydr ogen peroxide in an al cohol nedi

can be epoxidized in high yield and high selectivity by using
crystalline titanosilicate as a catalyst and hydrogen
peroxide as an oxidizing agent in an alcohol medium.
Incidentally, hydrogen peroxiae in an agqueous medium was used
as the oxidizing agent.

When the medium of hydrogen peroxide is an agqueous medium,
it was necessary to use after diluting the aqueous medium with
an organic solvent (e.g. alcohol, etc.) as an efficient medium
in the epoxidation reaction. For example, it was necessary
that an aqueous 30 wt% hydrogen peroxide solution is diluted
with methanol to give a 5 wt% hydrogen peroxide solution
containing methanol as a main solvent and the resulting
hydrogen peroxide solution is used for the epoxidation
reaction. Therefore, in order to maintain a concentration of
hydrogen peroxide used for the epoxidation reaction at a
predetermined concentration, it was necessary to previously
produce an aqueous hydrogen peroxide solution of higher
concentration.

Since the aqueous hydrogen peroxide solution of higher
concentration requires a concentration step, the process
becomes complicated, which results in high price.
Furthermore, it had the following problems. That is, there
is a large risk because of high concentration and a step of
diluting with an alcohol is required and, furthermore, a large

amount of by-products such as glycol, etc. are produced because
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2. Description of Related Art 10 Epoxi di zed products of ol efins,
particul arly propyl ene oxi de, have inportant i reustr+at———-appliecati on as

raw materials of, for exanple, propylene glycol, pal ypropyl ene glycol, etc.
As a general industrial process of producing pro bHas BeapReplioed exarrpl e,

a . chlorohydrin process, a Hal con process and a :'_ d process
are known. However, t hese processes have a pro ' since a
| ar ge anount of by-products are produced, the 15 disposa of the resultant

by- product s a stamgmuiamednt of water iBocbhtatwedrary, a process using

hydr ogen peroxide in the presence of a titanium conmpound has the

advant age t hat a Byartge sapuné mdsthypapudducisdustmictl prodesedofJapanese
producing hydrogen peroxide is an autoxidation process using
an alkyl anthraquinone at present. However, this process has
such problems that the process becomes complicated because
a lot of steps such as reduction/oxidation of the alkyl
anthraquinone and extraction/separation, purification and
concentration of the resultant hydrogen peroxide are required,
and loss of the alkyl anthraquinone and deterioration of a
reducing catalyst take place.

In order to solve these problems, there is suggested a
process of bringing hydrogen into contact with oxygen in an
aqueous medium in the presence of a platinum group metal to
directly synthesize hydrogen peroxide (Japanese Patent Kokoku
Nos. 55-18646 and 1-23401 and Japanese Patent Kokal
(laid-open) No. 63-156005). For example, Japanese Patent
Rokai (laid-open) No. 63-156005 discloses that an agqueous
hydrogen peroxide solution of high concentration can be
produced from hydrogen and oxygen in an agqueous medium
containing an acid and a halide ion in the presence of a
platinum group metal supported on a carrier. However, these
processs are processs of producing hydrogen peroxide in the
aqueous medium and, as described above, in order to use as
the oxidizing agent of the epoxidation of the olefin after

diluting with the organic solvent, it was necessary to produce
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Pat ent Kokoku No. 4-5028 and U.S. Patent No. 5, 354, 875).

For exanple

Japanese Pat ent Kokoku No. 4-5028 di scl oses that
epoxi di zed in high yield and high 20 selectivity byTh%%hé%l‘ﬁgﬁ!B
titanosilicate as a catal yst and hydrogen peroxide ammm " |ng agent

i n, an al cohol nedium When the medi um of h de is an
aqueous nedium it is necessary to first dilute the aqueous nmediumw th
an organi c solvent (e.g. alcohol, etc.) for use as an efficient medi um

i n the epoxiljalriogenr pecoxide dbhighermptenceritiasimacessary that an aqueous
30 wt % 25 hydrogen peroxide solution be diluted with nmethanol to give a 5
Wt % hydr ogen per @xi deder tgolobtain awricreninghydtdmmobeasxidediaviag vent

before using this for an epoxidation reaction.

a concentration as high as possible by means of these processs,
it was necessary to react under high pressure condition. It
can not be said that ﬁhe production of hydrogen peroxide under
high pressure condition is industrially efficient because the
cost of various equipments becomes higher. High pressure
condition had a problem in view of the safety because the
reaction between hydrogen and oxygen is liable to cause
explosion. Therefore, it becomes important to accomplish a
process capable of producing hydrogen peroxide efficiently

even under low pressure condition and capable of using hydrogen

peroxide efficiently for the epoxidation reaction of the

olefin.

Japanese Patent Kokai (laid-open) No. 57-92506 discloses

that alcohol, ketone, ether, ester and amide can be used as

a reaction medium and methanol is more preferable.

However,

in order to efficiently obtain a hydrogen peroxide solution,

it was necessary to allow formaldehyde to coexist in the

reaction medium to prevent decomposition of the produced

hydrogen peroxide. Accordingly, there was a problem that a

step of adding formaldehyde and a step of removing/purifying

formaldehyde are required, so the process becomes complicated.

Furthermore, a possibility that formaldehyde inhibits a

catalytic activity is undeniable.
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Therefore, in order to maintain a concentration of hydrogen peroxide used
for the epoxidation reaction at a predeterm néhisShatbmBreaRemdaed it i s

necessary to initially produce an aqueous hydr o Ly ol ution of
hi gher concentration. 30 Si nce the aqueous ‘ I de
solution of higher concentration requires a concentratli on step, the

process becones conplicated, which results in high price.

The present inventors have intensively studied about a
process of producing an epoxidized product of olefins which
do not cause the above-described problems. As a result, an
epoxidized product of olefins can be produced by using an
alcohol medium solution of hydrogen peroxide in high
selectivity without requiring an aqueous high concentration
hydrogen peroxide solution and producing a large amount of
by-products. Thus, the present invention has been

accomplished.

SUMMARY OF THE INVENTION
That is, the present invention provides a process for
producing an epoxidized product of olefins, which comprises
oxidizing olefins in the presence of an oxidizing catalyst,
jyus ing an alcohol medium solution of hydrogen peroxide produced

by catalytically reacting hydrogen with oxygen in an alcohol

medium.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will be explained in detail
hereinafter.

(1) Production of hydrogen peroxide

In the present invention, it is necessary to use an
alcohol mediumas a reaction medium upon production of hydrogen

peroxide. The alcohol medium in the present invention means
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Furthernore, there is a large risk involved because of the high
concentration and the required This Sheet Has Been Rep

[TTTHTT

an alcohol or a mixed solution containing the alcohol as a
main component. In case of the mixed solution containing the
alcohol as the main component, the other component includes
ketone, ether, ester, amide, water, etc. As the alcohol

medium, an alcohol single medium is preferably used. As the
alcohol, for example, methanol, ethanol, isopropanol, butanol,
ethylene glycol, etc. may be used. Among them, methanol and
ethanol are preferable, and methanol is more preferable.

In the present invention, it is preferred to react in
the presence of a platinum group metal or a compound of the
platinum group metal when hydrogen peroxide is produced by
catalytically reacting hydrogen with oxygen.

It is preferred to use those produced by catalytically
reacting hydrogen with oxygen in an alcohol medium in the
presence of a halide of a platinum group metal, as hydrogen
peroxide. Therefore, it is possible to produce hydrogen
peroxide, which is suitable as a reagent for epoxidation
reaction of olefins, without requiring an aqueous high
concentration hydrogen peroxide solution and adding an acid,
a compound which is dissociated to form a halogen ion, or
formaldehyde, etc.

Examples of the platinum group metal include rhodium,
iridium, platinum, palladium, etc. Among them, platinum or
palladium is preferable, and palladium is used more preferably.

As the halogen compound, for example, a fluorine compound,
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step of dilution with an alcohol. Also a | arge anmount "of by roduct, such

as glycol, etc. is produced because a | arge anount e nt
A nost popul ar industrial process of producing hydrogq@ggf'

aut oxi dation 5 process using an al kyl anthraqui none. Hovg cess
has problens in that it is conplicated, involving a nunber of steps

I ncl udi ng reduction/oxidation of the alkyl ant hr aqui none and

extraction/separation, purification and concentration of the resultant
hydr ogen peraxhieriaedaonpdundl, d besnirie thapalikd hndrirhi adine evrpeasd
deterioration of the reduci ng catal yst take place. 10 In order to
sol ve t hese prebhised, 8fheng tlsemsughesthioaips cxegounld bei bgombndydr ogen
compound is preferably used. Specific examples of the halogen
compound of the platinum group metal include rhodium chloride,
rhodium bromide, iridium chloride, iridium bromide, platinum
c¢hloride, platinum bromide, palladium fluoride, palladium
chloride, palladium bromide, palladium iodide, trans-
dichlorodiaminepalladium etc. Among them, palladium
chloride and palladium bromide are particularly preferred.
The reaction can be conducted in a continuous or
batch-wise manner. As a reaction device, a suspension bed or
fixed bed type can be used. An amount of the halogen compound
of the platinum group metal used is not specifically limited,
but is normally from 1 mg to 10 g, preferébly from 10 mg to
10 g, based on 100 ml of the reaction medium in case of the
suspension bed type. The halogen compound of the platinum
group metal may take ény form such as fine powder, pellet,
etc. Among them, a fine powder is preferable and those having
a surface area of 0.01 to 10000 m?/g are preferably used. The
halogen compound of the platinum group metal can be used alone
or by supporting on a suitable carrier. Generally, the yield
of hydrogen peroxide per weight of the metal is larger when
the halogen compound is supported.
Examples of the carrier include alumina, silica, titania,

magnesia, zirconia, ceria, zeolite, graphite, active carbon,
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into contact with oxygen in an aqueous mediumin the presence of a platinum
group netal to directly synthesi zepbhydy roxi.de (Japanese Patent
Kokoku Nos. 55-18646 and 1-23401 a %%eél@.ﬁ? ; ©nt Kokai (1 ai d- open)

J m, it (1 ai d-open) No.

No. 63-156005). For exanple, Japanese

63- 156005 di scl oses that an aqueous h ! de solution of high 15
concentration can be produced from hydrogen and oxygen in an aqueous medi um
cont ai ni ng an acid and a halide ion in the presence of a platinum group
met al supporgidd can gal¢ahydeated sildwdveeacifihestl jproec easeddar eepeocesses of
produci ng hydrogen peroxide in an agueous medi um and, as descri bed
above, in orxemd ehese dhenimendedlies, thicamiadi Zesli egentraphitaeand

epoxi dation of an olefin after dilution with an organic solvent, it is
necessary t aquisduearbon are preferably used.

As a process of supporting on the carrier, for example,
there is a process of suspending the carrier in a solution
of the halogen compound of the platinum group metal, followed
by evaporation to dryness. The process may be any process
capable of supporting, and is not specifically limited.

It is preferred to use those produced by catalytically
reacting hydrogen with oxygen in an alcohol medium containing
an acid and a halogen compound of an alkaline metal or an
alkaline earthmetal in the presence of a platinum group metal,
as hydrogen peroxide. 2Also in this case, it is not necessary
to use an aqueous hydrogen peroxide solution of high
concentration and to add an additive such as formaldehyde.
Therefore, it is preferable.

Specific examples of the platinum group metal include
rhodium, iridium, platinum, palladium, etc. Among them,
palladium is preferable. The platinum group metal may be used
alone or by supporting by various carriers. As the platinum
group metal supported, various metals are commercially
available and commercially available products may be used.

The platinum group metal may take any form such as fine
powder, pellet, etc. The reaction can be conducted in a

continuous or batch-wise manner. As a reaction device, a
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20 hydrogen peroxi de of higher concentration. In order to obtain
an agueous hydrogen per oxi de having a_ cudsmalimgBioRensdhi gh s possi bl e

by- neans of these processes, I S neces Hi t he reaction out
under hi gh pressure. It can not be s E oduction of hydrogen
per oxi de under hi gh pressure conditio ally efficient
because the cost of various equi pnent becones higher. 25 H gh pressure
reactions al so have probl ens associated with safety because the reaction
bet ween hydremgpensidndigder fixéed dadetype csusbeexgpedsi Theseradsy nstich
conditions. Therefore, It woul d be advant ageous to provide a process
capabl e of ppedicinglbydrizgeedperaxatount «ff theigEidtdinuevgnoumadettalow
pressure conditions and whi ch hydrogen peroxi de may be

ugsed 1s not specifically limited, but is normally from 1 mg

to 10 g, preferably from 10 mg to 10 g, based on 100 ml of

the reaction medium in case of the suspension bed type.

Examples of the acid used in this process include
sulfuric acid, hydrochloric acid, phosphoric acid, etc.

These acids may be used in combination thereof. A
concentration of the acid is preferably from 0.001 to 1 N,
more preferably from 0.01 to 1 N.

Specific examples of the halogen compound of the alkaline
metal and alkaline earthmetal include sodium £luoride, sodium
chloride, sodium bromide, sodium iodide, potassium chloride,
potassium bromide, magnesium chloride, magnesium bromide,
calcium chloride, calcium bromide, etc. Among them, the
chloride, bromide or iodide of the alkaline metal is preferably
used. The chloride or bromide of the alkaline metal is more
preferable, and the bromide of the alkaline metal is most
preferable.

An amount of the halogen compound of the alkaline metal
or alkaline earth metal used is preferably from 1 x 107° to
1 x 10" N, more preferably from 1 x 10™° to 1 x 1072 N

It is preferred to neutralize hydrogen peroxide,

produced by catalytically reacting hydrogen with oxygen in

an alcohol medium containing an acid and a halide of an alkaline
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efficiently used for the epoxidation of an—otefim—30 —Japanese Pat ent
Kokai (1 aid-open) No. 57-92506 discloses that al cohol et one, ether,
ester and am de can be used as a reaction : la‘i’?%t hanol is nore

pr ef er abl e.

repLACETE I Il

metal or an alkaline earth metal in the presence of a platinum
group metal, with a base before using in the following step
of producing the epoxidized product of olefins because the
selectivity of the epoxidized product becomes higher. As the
base, for example, a solution of a hydroxide of the alkaline
metal or alkaline earth metal is preferable. Specific
examples thereof include sodium hydroxide, potassium
hydroxide, calcium hydroxide, rubidium hydroxide, etc. The
hydroxide of the alkaline metal is used more preferably.
These bases are normally used in the form of an aqueous solution
or an alcohol solution. For example, a high concentration
solution of 1 to 20 N is preferable because the concentration
of hydrogen peroxide after neutralizing is not drastically
lowered. An amount of the base added is an equivalence point
or 1ess.‘ The more, it is closed to the equivalence point, the
better.

In the reaction for producing hydrogen peroxide
according to the present invention, a partial pressure ratio
of oxygen to hydrogen is preferably within the range from 1:50
to50:1. It isalsopossible toreactbydilutingwith an inert
gas or to react by using air inplace of oxygen. It ispreferred
to react under the condition which is out of the range of
explosion in view of the safety. The reaction temperature is
preferably from 5 to 60T, more preferably from 10 to 50T.

The reaction pressure is not specifically limited, but is

- 10 -
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However,

was necessary to

in order to efficiently obtain a hydrogen peroxi de sol ution,
al | ow formal dehyde to coexi Jhis SlgetiaeBaeeReplatedn nmedi umt o

it

prevent deconposition of the produced hydroge i ordi ngly,
there was a problemthat a step of adding f or nggie #h step of
renmovi ng/ purifying formal dehyde are required, so the proces

preferably within the range from atmospheric pressure to 150
kg/cm? *+ G, more preferably from 5 to 50 kg/cm? *G.

In the present invention, the alcohol medium solution
of hydrogen peroxide thus obtained is used in an epoxidation
reaction step of olefins as the following step. It is
preferred to use it in the following step after removing a
solid component in the reaction medium. A process of removing
the solid component is not specifically limited, and examples
thereof include processs such as decantation, filtration,
etc.

(2) Epoxidation of olefins

A catalyst used in the production of propylene oxide in
the present invention may be any oxidizing catalyst, and is
not specifically limited. In addition to MoO;, V205, WO; and
titanosilicate, TiO; supported on the carrier such as Si0,,
etc. are preferable. Among them, titanosilicate is more
preferable. The titanoslicate in the present invention
refers to those obtained by substituting a part of silicons,
which constitute a crystal lattice ina crystalline Si0O; having
a zeolite structure, with titanium. A process for producing
titanosilicate is not specifically limited, but the
production example thereof include Japanese Patent Kokail
{laid-open) No. 56-~96720. It is preferred that an atomic
ratio of Si to Ti in titanosilicate is from 10 to 1000.

An amount of the oxidizing catalyst used is not

- 11 -
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5-beconmes conplicated. Furthernore, the possibility that Tormal dehyde wil |
inhibit catalytic activity is undeniable. Tmssheetmﬁsa@{ E&g
i zed

i nventors have intensively studi ed processes of pro
product of ol efins which does not cause the above-d mm[ ;
has led to the finding that epoxidized products g

}ams. Thi s
be

produced using an al cohol nedium solution 10 of hydrogen peroxide in high
selectivity without requiring an aqueous high concentration hydr ogen
per oxi de sol speocinfiral Wy i hniteds bdtdisngref ¢rmtds frmubimgto Bp-gbadedt . Thus,

t he

present invention has been acconpli shed.
on 100 ml of the reaction medium in case of the suspension

bed type. The catalyst may take any form such as fine powder,
pellet, etc. The reaction can be conducted in a continuous
or batch-wise manner. As a reaction device, a suspension bed
or fixed bed type can be used. These are not specifically
limited.

As the olefins to be epoxidized by the process of the
present invention, for example, ethylene, propylene, allyl
chloride, 2-butene, l-octene, l-tridecene, mesityl oxide,
isoprene, cyclooctene and cyclohexene are preferable. Among
them, ethylene and propylene are more preferable, and
propylene is most preferable.

The reaction temperature is preferably from 5 to 150T,
more preferably from 30 to 100C. when the reaction is
conducted at high temperature, e.g. a boiling point of the
medium or higher, it is normally conducted under pressure.
When using a gaseous olefin, the reaction pressure is not
specifically limited but is preferably from atmospheric

pressure to 100 kg/cm? * G, more preferably from 3 to 30 kg/cm? -
G.

According to the present invention, it is possible to
effectively use cheap and low concentration hydrogen peroxide
which is not required to be concentrated. Therefore, it

becomes possible to allow the epoxidation reaction to proceed

- 12 -
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SUMVARY OF THE | NVENTI ON 15 That is, th

provides a process for producing an epoxidized product of ol efins,
conprises oxidizing olefins in the presence of an ohisdheet Fng

an al cohol

hydrogen with oxygen in an al cohol in the presencgiing
of a platinumgroup netal, but 20 in the absence of

sol ution of hydrogen peroxi de produced ,.byﬂ IR

i

in high selectivity without requiring an aqueous hydrogen

or ma

peroxide solution of high concentration. As a result, it
becomes possible to produce an epoxidized product of olefins,

e.g. propylene oxide, cheaply.

EXAMPLES

The following Examples and Comparative Examples further
1llustrate the present invention in detail but are not to be
construed to limit the scope thereof.

The concentration of hydrogen peroxide in the Examples
was determined by the iodimetric titration. A potentiometric
automatic titrator AT-310 manufactured by KYOTO ELECTRONICS
MANUFACTURING Co., Ltd. was used for titration.

The quantitative determination of the epoxidation
reaction product was conducted by gas chromatography, and a
selectivity of propylene oxide was calculated from the
following equation:

(Selectivity % of propylene oxide) = (number of mols of
propylene oxide produced)/ (number of mols of hydrogen
peroxide consumed) x 100

The conversion of hydrogen peroxide was calculated from
the following equation:

(Conversion of hydrogen peroxide) = {(number of mols of hydrogen
peroxide consumed)/{number of mols of hydrogen peroxide

before reaction) x 100

- 13 -
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present—Ttnvention

will be explained in detail hereinafter. 25- “This heet(lﬂaQB enﬁer% Bl.dct I on of
hydr ogen peroxi de In the present inv ¢ ecessary to
use an al cohol as a reaction nediumfor the (SH; ydrogen
peroxi de. The al cohol is, for exanple, nethanoll sopropanol ,

but anol, ethylene glycol, etc. Anmong them net han and et hanol are

Furthermore, the specific surface area was measured by
using Flow Sorb II, 2300 type, manufactured by Micromeritics
Instruments Co.
Example 1

(1) Production of hydrogen peroxide

An inner vessel having a intermal wvolume of 300 ml,
wherein 30 mg of PdBr, (specific surface area: 0.4 m’/g,
manufactured by NACALAT TESQUE, INC.) and 120 ml of methanol
wasg charged, was fit with an autoclave having an internal
volume of 400 ml. A hydrogen gas and an oxygen gas were
introduced in a flow rate of 80 ml/min and 800 ml/min,
respectively, using a gas blowing tube. A nitrogen gas was
introduced into a vapor phase part in a flow rate of 2500 m1/min
and a pressure was maintained so that an autoclave internal
pressure becomes 9 kg/cm? * G. A reaction vessel was maintained
at 20T by external cooling. The concentration of hydrogen
peroxide in the reaction solution after 2 hours have passed
gince the beginning of the reaction was 0.15% by weight.

{2} Production of propylene oxide

A hydrogen peroxide methanol solution obtained in the
above item (1) (48 g} and 200 mg of titanosilicate ({Atomic
ratio of Si to Ti: 50, manufactured by N.E. Chemcat
Corporation) were charged in an autoclave having an internal
volume of 125 ml, and then a propylene gas was introduced under

pressure so that an internal pressure thereof becomes 4

- 14 -
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preferable, and nethanol is nore preferable. 30 I n ent
i nvention, the hydrogen peroxide is produced by catalytlcally reactlng

hydr ogen Wi th oxygen in an al cohol in the presengg sadet “m“\

ofa it oup et i

kg/cm?® + G. The conversion of hydrogen peroxide after stirring

at the reaction temperature of 40T for 1 hour was 99% and the
selectivity of propylene oxide was 70%.
Example 2

(1) Production of hydrogen peroxide

An inner vessel having a internal volume of 300 ml,
wherein 30 mg of a Pd powder (specific surface area: 10.8 m/g,
manufactured by TANAKA KIKINZOKU KOGYO K.K.) and a mixed
methanol solution of 5 ml of a 0.0012N-NaBr methanol solution,
5 ml of a 1.2N-H,S0; and 110 ml of methanol were charged, was
fit with an autoclave having an internal wvolume of 400 ml.
A hydrogen gas and an oxygen gas were introduced in a flow
rate of 80 ml/min and 800 ml/min, respectively, using a gas
blowing tube. A nitrogen gas was introduced into a vapor phase
part in a flow rate of 2500 ml/min and a pressure was maintained
so that an autoclave internal pressure becomes 9 kg/cm? - G.
A reaction medium was maintained at 20C by external cooling.
The concentration of hydrogen peroxide in the reaction
solution after 2 hours have passed since the beginning of the
reaction was 0.35% by weight.

{2) Production of propylene oxide

A solution {48 g) prepared by adding 3.1 ml of an aqueous
2N-NaOH solution to the hydrogen peroxide methanol solution
obtained in the above item (1)}, followed by stirring, and 200

mg of titanosilicate (Atomic ratio of Si to Ti: 50,

- 15 -
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-4- Therefore, it is possible to produce hydrogen peroxide, which is
suitabl e as a reagent for epoxi dation react i oMhiO$hed BB BeSRepie hOUt t he

need for an aqueous high concentration hydrogen J pr:mﬁmmm:ﬂ i on and
W a

addition of an acid, or a conmpound which is disso
manufactured by N.E. Chemcat Corporation) were charged in an

autoclave having an internal volume of 125 ml, and then a
propylene gas was introduced under pressure so that an internal
pressure thereof becomes 4 kg/cm? - G.” The conversion of
hydrogen peroxide after stirring at the reaction temperature
of 40T for 1 hour was 65% and the selectivity of propylene
oxide was 95%.
Example 3

Using a solution prepared by adding 2.5 ml of an aqueous
2N-NaOH solution to the hydrogen peroxide methanol solution
obtained by producing under the same condition as that of
Example 2 (1), followed by stirring, the reactionwas conducted
under the same condition as that of Example 2(2). The
conversion of hydrogen peroxide after stirring at the reaction

temperature of 40'C for 1 hour was 98% and the selectivity of

propylene oxide was 27%.
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hal ogen ion, or formal dehyde, etc. 5 Exanpl es of the platinum group
metal include rhodium iridium platinum pall adi_umw hem
plati numor palladiumis preferable, and pall adium liuused nor e

preferably. As the hal ogen conpound, for exanple, ﬂu mm,mr
41

chlorine conpound, a brom ne conmpound and an |o

used. Anpng them chl ori ne conpounds or brom ne corrpounds ar'e pr eferabl y
used. Specific exanples of the 10 hal ogen conpound of the platinum group
met al i ncl udwhatoils wiaiMedt iide, rhodi um brom de, i ridiumchloride,

I ridiumbrom de, platinumchloride, platinum brom de, palladiumfluoride,
pal | adi um chl ori de, palpradesm Boorprelucgiakl adi epoxiotiizkd product of
t ransdi chl or odi am nepal | adi um et c.

olefins, which comprises oxidizing olefins in the presence

of an oxidizing catalyst,[;{:lsing an alcohol medium solution
of hydrogen peroxide produced by catalytically reacting
hydrogen with oxygen in an alcohol medium.

2. The process according to claim 1, wherein the
oxidizing catalyst is titanosilicate.

3. The process according to claim 1, wherein the olefin
is propvlene.

4. The process according to claim 1, wherein the alcohol
medium solution of hydrogen peroxide is an alcohol medium
solution of hydrogen peroxide produced by catalytically
reacting hydrogen with oxygen in an alcohol medium in the

. presence of a platinum group metal or a compound of the platinum
group metal.

5. The process according to claim 1, wherein the alcohol
medium solution of hydrogen peroxide is an alcohol medium
solution of hydrogen peroxide produced by catalytically
reacting hydrogen with oxygen in an alcohol medium in the
presence of a halogen compound of a platinum group metal.

6. The process according to claim 5, wherein the halogen
compound of the platinum group metal is a halogen compound
of the platinum group metal supported on a carrier.

7. The process according to claim 5 or 6, wherein the

This Sheet Has Been Replaced

[T
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Among- t hem pal | adi um chl oride and pal | adi um brom de are particularly
preferred. The reaction can be | nuous or
bat ch-wi se manner. As a reaction 15 device, [ |58 or fixed bed
type reactor can be used. The anount of the” EI"@ und of the

plati num group netal used is not specifically Iqmtte t*rs normally from
1 nmgto 10 g, preferably from10 ng to 10 g, based on 100 m of the
reaction nediumin case of the suspension bed type. The hal ogen conpound
of the plati hafogenupommduaid ey thakplaninum droum matcal ass fa alpgeter ,
pellet, etc. Anobng them a fine powder is preferable and those 20 having a
surface areacofipbufid ¢H gallGHinfreor] phaimumor e preferably used. The

hal ogen conpound of the platinumgroup nmetal can be used alone or in a

f orm supported on8a <dild girbeess according to claim 5 or 6, wherein the

halogen compound of the platinum group metal is palladium
chloride or palladium bromide.

9. The process according to claim 1, wherein the alcohol
medium solution of hydrogen peroxide is an alcchol medium
solution of hydrogen peroxide produced by catalytically
reacting hydrogen with oxygen in an alcohol medium containing
an acid and a halide of an alkaline metal or an alkaline earth
metal in the presence of a platinum group metal.

10. The process according to claim 1, wherein the
alcohol medium solution of hydrogen peroxide is a solution
prepared by neutralizing an alcohol medium solution of
hydrogen peroxide, produced by catalytically reacting
hydrogen with oxygen in an alcohol medium containing a halide
of an acid and an alkaline metal or an alkaline earth metal
in the presence of a.platinum group metal, with a base.

11. The process according to claim 9 or 10, wherein the
platinum group metal is a platinum group metal supported on
a carrier.

12. The process according to any one of claims 9 to 11,
wherein the platinum group metal is palladium.

13. The process according to any one of claims 10 and

11, wherein the base is a solution of hydroxide of an alkaline
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carrier. Generally, the yield of hydrogen peroxide per weight of the netal

is larger when the hal ogen conpound i s supported. Exanpl es of
the carrier include alumna, silica, titania, magnesia, i ,
zeolite, graphite, active carbon, silica gel, hydrated ,mmmm,gﬂﬂﬁjﬂu
silicon carbide, etc. Anpng them alumna, silica, ti*taniai

graphite and active carbon are preferably used. The hal ogen

conmpound may be supported on the carrier as desired. For exanple, the
conmpound may m&a3UpPosh el wSliing @aptRCcRSSaPf suspending the carrier in a
solution of the hal ogen compound, foll owed by evaporation to dryness.
It will be recogniiged TH¥WRYEEss tdtord@nkheo RIrQCBEE s Y-1REm8NY, BY,00€eSs
capabl e of supporting, and is not specifically limted.

and 10, wherein the alcohol medium is methanol.
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ln an alternate enbodi nent, hydrogen peroxi de produced by catal ytically

reacting

-

ABSTRACT

Disclosed is a process for producing an epoxidized
product of olefins, which comprises oxidizing olefins in the
presence of an oxidizing catalyst,%nsing an alcohol medium
solution of hydrogen peroxide produced by catalytically
reacting hydrogen with oxygen in an alcohol medium.

According to the present invention, an epoxidized
product of olefins can be produced by using an alcohol medium
solution of hydrogen peroxide in high selectivity without

requiring an aqueous hydrogen peroxide solution of high

concentration and producing a large amount of by-products.
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hydr.ogen with oxygen in an al cohol medium containing an acid ang-za-tratogen
conmpound of an alkaline netal or an alkaline earth netal ip 1hq Pr RRE IS

of a platinumgroup netal is used. IR this case, it is alsp pot

necéssary to use an aqueous hydrogen peroxi de solution of high

concentration and to add an additive such as fornmal dehyde. 5 j Specific

exanpl es of the platinumgroup netal are as described above and 1 nclruade
PROCESS FOR PRODUCING EPOXIDIZED PRODUCT OF OLEFINS

a}

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a process for producing
an epoxidized product of olefins. More particularly, it
relates to a process for producing an epoxidized product of
olefins, which comprises reacting olefins with hydrogen

peroxide in an alcohol medium.

2. Description of Related Art

an epoxidized product of olefins, particularly propylene
oxide, is one of important industrial products as a raw
material of propylene glycol, polypropylene glycol, ete.

As a general industrial process of producing propylene
oxide, for example, a chlorohydrin process, a Halcon process

. and a peracetic acid process are known but these processs had
a problem that, since a large amount of by-products are
produced, the disposition of the resultant by-products
is required.

To the contrary, a process of using hydrogen peroxide
in the presence of a titanium compound has an advantage that
a large amount of by-products are not produced (Japanese Patent
Kokoku(?m 4-5028 and U sz;» g«q@s asﬁ 875). For example,

Japanes“é Patent Kokoku Nc: 4 5028 discloses that an olefin
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rhodium iridiumplatinum palladium etc. Anong them pall %mﬁbﬁ ENT SHEET
pref.erred. The, pl ati num group netal may be used al one o uooor[twg

various carriers. As a supported pl ati num group netal, varijous ﬁ §3
are.comrercially avail able and commercially avail abl e pr ¢dyctls JEEE; a3/
used. 10 The platinumgroup netal may taken any form gudh.as fine
powder, pellet, etc. The reaction can be conducted in a ¢ontinuous or
bat ch-wi se manner. As a reaction device, a suspensi on bed-.or .fixed .bed

t yp€ r eact orcaxabebeparsiil zebhis dhigheybeld apddifigicablgctivithetly dGéhimg  anount
of the platinumgroup netal used is not specifically [imted, but is
normal |y fromystallimet aitlngsificefter abl 3 taadyidd mpdt bydBogenbased on 100
m of the reaction nediumin case

peroxide as an oxidizing agent in an alcohol medium.

Incidentally, hydrogen peroxide in an aqueous medium was used

as the oxidizing agent.

When the medium of hydrogen peroxide is an aqueous medium,
it was necessary to use after diluting the agqueous medium with
an organic solvent (e.g. alcohol, etc.) as an efficient medium
in the epoxidation reaction. For example, it was necessary
that an agqueous 30 wt% hydrogen peroxide solution is diluted
with metharnicl to give a 5 wt% hydrogen peroxide solution
containing methanol as a main solvent and the resulting
hydrogen peroxide solution is used for the epoxidation
reaction. Therefore, in order to maintain a concentration of
hydrogen peroxide used for the epoxidation reaction at a
predetermined concentration, it was necessary to previously
produce an aqueous hydrogen peroxide solution of higher
concentration.

Since the aqueous hydrogen peroxide solution of higher
concentration requires a concentration step, the process
becomes complicated, which results in high price.
Furthermore, it had the following problems. That is, there
is a large risk because of high concentration and a step of

diluting with an alcohol is required and, furthermore, a large

amount of by-products such as glycol, etc. are produced because
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Exampl es_of the

15 of the suspenm«st—m process.

acid used in thlsmfsg EQC ude sul furic acid, hydrochl ¢
ed

phosphoric acid, ads““my al so be used i n conbi

concentration of t ,[, referalgy from0.001 to |

preferably fromO. Speci fic exanpl es

conpound of the al kaline net aI and al kaline earth 20 netal
fluoride, sodiumchloride, sodium brom de, sodiumi odi de,

Wby
of e SUN J8¥h

iincl ude .sodi.ug

pot assi um
br.om de—cal-eiuH

chl ori de, poradargs amomtlef wageesisncoaitairede, nmagnesi ul

brom de or i odide

chl ori de, cal cium brom de, etc. Anong them chloride,

conpounds
conmpounds

of al kaBynthe wayrtalm®sar popubderimihstchbhdrpoecess wyfom de

of alkaline netals are nore preferable,
producing hydrogen peroxide is an autoxidation process using
an alkyl anthraquinone at present. However, this process has
such problems that the process becomes complicated because
a lot of steps such as reduction/oxidation of the alkyl
anthraquinone and extraction/separation, purification and
concentration of the resultant hydrogen peroxide are required,
and loss of the alkyl anthraquinone and deterioration of a
reducing catalyst take place.

In order to solve these problems, there is suggested a
process of bringing hydrogen into contact with oxygen in an
agqueous medium in the presence of a platinum group metal to
directly synthesize hydrogen peroxide (Japanese Patent Kokoku
Nos. 55-18646 and 1-23401 and Japanese Patent Kokai
(laid-open) No. 63-156005). For example, Japanese Patent
Kokai {laid-open}) No. 63-156005 discloses that an aqueous
hydrogen peroxide solution of high concentration can be
produced from hydrogen and oxygen in an aqueous medium
containing an acid and a halide ion in the presence of a
platinum group metal supported on a carrier. However, these
processs are processs of producing hydrogen peroxide in the
aqueous medium and, as described above, in order to use as
the oxidizing agent of the epoxidation of the olefin after

diluting with the organic solvent, it was necessary to produce
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nmetal used S x 10[err] to 1 x 10[err]
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nduced by catalytically ree
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of an al kal i ne metal or an alkaline earth netal in the
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of an al kal i ne
a concentration as high as possible by means of thesep

Xrocesss,

it was necessary to react under high pressure condition. It

can not be said that the production of hydrogen peroxide under

high pressure condition is industrially efficient because the

cost of various equipments becomes higher. High pressure

condition had a problem in view of the safety because the

reaction between hydrogen and oxygen is liable to

cause

explosion. Therefore, it becomes important to accomplish a

process capable of producing hydrogen peroxide eff
even under lowpressure condition and capable of using
peroxide efficiently for the epoxidation reaction

olefin.

iciently
hydrogen
of the

Japanese Patent Kokai (laid-open) No. 57-92506 discloses

that alcohol, ketone, ether, ester and amide can be used as

a reaction medium and methanol is more preferable.
in order to efficiently obtain a hydrogen peroxide s

it was necessary to allow formaldehyde to coexist

However,
olution,

in the

reaction medium to prevent decomposition of the produced

hydrogen peroxide. Accordingly, there was a problem that a

step of adding formaldehyde and a step of removing/purifying

formaldehyde are required, so the process becomes complicated.

Furthermore, a possibility that formaldehyde inhibits a

catalytic activity is undeniable.
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The present inventors have intensively studied about a
process of producing an epoxidized product of olefins which
do not cause the above-described problems. As a result, an
epoxidized product of olefins can be produced by using an
alcohol medium solution of hydrogen peroxide in high
selectivity without requiring an aqueous high concentration
hydrogen peroxide solution and producing a large amount of
by-products. Thus, the present invention has been

accomplished.

SUMMARY OF THE INVENTION
That is, the present invention provides a process for
producing an epoxidized product of olefins, which comprises

oxidizing olefins in the presence of an oxidizing catalyst,
by

Jusing an alcohol medium solution of hydrogen peroxide produced

by catalytically reacting hydrogen with oxygen in an alcohol

medium,

DETAILED DESCRIPTION OF THE INVENTION

The present invention will be explained in detail
hereinafter.

(1) Production of hydrogen peroxide

In the present invention, it is necessary to use an
alcohol medium as a reaction medium upon production of hydrogen

peroxide. The alcohol medium in the present invention means




nmetal or alkaline earth netal is preferable. Specific exanp

I ncl-ude sodi um h}iﬁsmﬂm%eeﬁ) Sl um hydroxi de, cal ci um hydroxtee;

rubi di um hydr oxi de, x| de of an al kal i ne net
preferably used. ThSHHﬂﬂm ghornal lgy used in the form
sol Ution or an alco or exanple, a high concen

of 1 5to 20 Nis preferable because the concentration of h

after neutralizing is not drastically | owered. The anount
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r atTomr-sotuttor
/drogen per oxi de

of ~tasTadded

i s preferabl §naaleshel Wy al @R&ed P& Nit iVn E%ﬁéalnlné L la38hol 0ak g
equi val ence point the better. In the reaction for producing

hydr,ogen pernaifde:cgonedtng IroOcide dF €5 il xe8\kitABn containing the

alcohol as the main component, the other component includes

ketone, ether, ester, amide, water, etc. As the alcohol

medium, an alcohol single medium is preferably used.

alcohol, for example, methanol, ethanol, isopropanol,

As the

butanol,

ethylene glycol, etc. may be used. Among them, methanol and

ethanol are preferable, and methanol is more preferable.

In the present invention, it is preferred to react in

the presence of a platinum group metal or a compound of the

platinum group metal when hydrogen peroxide is produced by

catalytically reacting hydrogen with oxygen.

It is preferred to use those produced by catalytically

reacting hydrogen with oxygen in an alcohol medium in the

presence of a halide of a platinum group metal, as hydrogen

peroxide. Therefore, it is possible to produce hydrogen

peroxide, which is suitable as a reagent for epoxidation

reaction of olefins, without requiring an aqueous high

concentration hydrogen peroxide solution and adding
a compound which is dissociated to form a halogen

formaldehyde, etc.

an acid,

ion, or

Examples of the platinum group metal include rhodium,

iridium, platinum, palladium, etc. Among them, platinum or

palladium is preferable, and palladium is used more preferably.

As the halogen compound, for example, a fluorine compound,




the partial pressure ratio of oxygen to hydrogen is prefe}f qigm@imzﬁfﬁsﬁﬁﬁ
i t

range from 1:50 t @hidShe&Bas Heen Replade al SO possible to carryjt

while diluting W|t ﬁ!ﬂ"& or to conduct t he rea,t'oq #Sjﬂ@@jﬁ i n
pl ace of oxygen. | ﬂﬂiﬂ@ to regct under condition$ i‘ch "are

suth that the chanc nis mnimsed. The reactjo 1S

preferably from 5to 60[err]C, nore preferably from 10jto 50[err]C. The j

reaction pressure is not specifically limted, but is preferabtyWwTH
thé range fawhlaripepheipgoung), esbromind cddPoltd et 1d&ind bopoendr ef er abl y
from5 to 50 kg/cnferr] G In the present invention, the al cohol

sol ution of abydii@gen RRGAYI tlgent S theedhlorddle compRRAd dat bedmirgact i on of
ol éfins. Preferably, the al cohol solution is used after renoving solid

compound is preferably used. Specific examples of the halogen
compound of the platinum group metal include rhodium chloride,
rhodium bromide, iridium-chloride, iridium bromide, platinum
chloride, platinum bromide, palladium fluoride, palladium
chloride, palladium bromide, palladium iodide, trans-
dichlorodiaminepalladium etc. Among them, palladium
chloride and palladium bromide are particularly preferred.

The reaction can be conducted in a continuous or
batch-wise manner. As a reaction device, a suspension bed or
fixed bed type can be used. 2an amount of the halogen compound
of the platinum group metal used is not specifically limited,
but is normally from 1 mg to 10 g, preferébly from 10 mg to
10 g, based on 100 ml of the reaction medium in case of the
suspension bed type. The halogen compound of the platinum
group metal may take any form such as fine powder, pellet,
etc. Among them, a fine powder is preferable and those having
a surface area of 0.01 to 10000 m’/g are preferably used. The
halogen compound of the platinum group metal can be used alone
or by supporting on a suitable carrier. Generally, the yield
of hydrogen peroxide per weight of the metal is larger when
the halogen compound is supported.

Examples of the carrier include alumina, silica, titania,

magnesia, zirconia, ceria, zeolite, graphite, active carbon,




conponent s from—t—he—scrl—uf!—ot——'ﬂ're—process for renoving the %PL&M‘?HOSBEET

I s not speci f m nd exanpl es thereof include—precesses
such as decant at i Ofhg 0 etc. (2) Epo £

ol efins ;'? used ign the epoxidation reag

any oxi di zi ng cabg R ot specifically limte{. “4n auu1L10n To

Mo err], V[err](jerr]' N err] and titanosilicate, Ti(er{ ] supported on

a carrier such as SiQ2, etc. are preferable. Among them trtamostTTcare 15
nore preferailigcalyeds H e @i ithbagesd | igialiRohetatbide, tdwse obtai ned

by substituting a part of silicons, which constitute a crystal lattice
in a crystalindigy Sheherdluniaid,ngidideoltitanss | Ugddlite , Wk Sphit@kindn A
active carbon are preferably used.

As a process of supporting on the carrier, for example,
there is a process of suspending the carrier in a solution
of the halogen compound of the platinum group metal, followed
by evaporation to dryness. The process may be any process
capable of supporting, and is not specifically limited.

It is preferred to use those produced by catalytically
reacting hydrogen with oxygen in an alcohol medium containing
an acid and a halogen compound of an alkaline metal or an
alkaline earth metal in the presence of a platinum group metal,
as hydrogen peroxide. Also in this case, it is not necessary
to use an agueous hydrogen peroxide solution of high
concentration and to add an additive such as formaldehyde.
Therefore, it is preferable.

Specific examples of the platinum group metal include
rhodium, iridium, platinum, palladium, etc. Among them,
palladium is preferable. The platinum group metal may be used
alone or by supporting by various carriers. As the platinum
group metal supported, various metals are commercially
available and commercially available products may be used.

The platinum group metal may take any form such as fine
powder, pellet, etc. The reaction can be conducted in a

continuous or batch-wise manner. As a reaction device, a



process for produJ;L—ng—t—l—P&ﬁerT—l‘rCﬁte I's not specifically I

i ncl ude those descri bed panese Patent Kokai (lai
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a suspensi on bed

type reactor

suspension bed or fixed bed type can be used. These are not
specifically limited. An amount of the platinum group metal
used is not specifically limited, but is normally from 1 mg
to 10 g, preferably from 10 mg to 10 g, based on 100 ml of
the reaction medium in case of the suspension bed type.

Examples of the acid used in this process include
sulfuric acid, hydrochloric acid, phosphoric acid, etc.
These acids may be used in combination thereof. A
concentration of the acid is preferably from 0.001 to 1 N,
more preferably from 0.01 to 1 N.

Specific examples of the halogen compound of the alkaline
metal and alkaline earthmetal include sodium fluoride, sodium
chloride, sodium bromide, sodium iodide, potassium chloride,
potassium bromide, magnesium chloride, magnesium bromide,
calcium chloride, calcium bromide, etc¢. Among them, the
chloride, bromide or iodide of the alkaline metal is preferably
used. The chloride or bromide of the alkaline metal is more
preferable, and the bromide of the alkaline metal is most
preferable.

An amount of the halogen compound of the alkaline metal
or alkaline earth metal used is preferably from 1 x 107¢ to
1 x 10™® N, more preferably from 1 x 107 to 1 x 1072 N

It is preferred to neutralize hydrogen peroxide,
produced by catalytically reacting hydrogen with oxygen in

 an alcohol medium containing an acid and a halide of an alkaline
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-7~ process. The catal yst nay take any form such ag BE%@W&?HEET
pellet, etc. The reaction can be conducted in a contijnuolus or
bat ch-wi se manner. As a reaction deviceg a suspension bed 19 JUN 1997

metal or an alkaline earth metal in the presence of a platinum
group metal, with a base before using in the following step
of producing the epoxidized product of olefins because the
selectivity of the epoxidized product becomes higher. As the
base, for example, a solution of a hydroxide of the alkaline
metal or alkaline earth metal is preferable. Specific
examples thereof include sodium hydroxide, potas'sium
hydroxide, calcium hydroxide, rubidium hydroxide, etc. The
hydroxide of the alkaline metal is used more preferably.
These bases are normally used in the form of an aqueous solution
or an alcohol solution. For example, a high concentration
solution of 1 to 20 N is preferable because the concentration
of hydrogen peroxide after neutralizing is not drastically
lowered. An amount of the base added is an equivalence point
or less. The more, it is closed to the equivalence point, the
better.

In the reaction for producing hydrogen peroxide
according to the present invention, a partial préssure ratio
of oxygen to hydrogen is preferably within the range from 1:50
to50:1. Itisalsopossible toreact by dilutingwith an inert
gas or toreact byusingair inplace of oxygen. It ispreferred
to react under the condition which is out of the range of
explosion in view of the safety. The reaction temperature is
preferably from 5 to 60C, more preferably from 10 to 50TC.

The reaction pressure is not specifically limited, but is



or fixed bed type reactor can be used. These are, however,
limted. The ol efins to be epoxidized by the pr
present invention may include, for 5 exanple, ethylene, p
chloride, 2-butene, 1-octene, 1-tridecene, nesityl oxide,
cycl ooctene and cycl ohexene are preferable. Anobng them et
pr opyl ene are nore preferable, and propylene is nost pi
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The reaction tenperature is preferably from5 to 150[err]C, nore preferably'

from30 to pref@ffisiy WCthithahe! hange febmoatmespherdecprasatrenktghlS0

t enper at ur e,

e.g. the boiling point of the 10 nmediumor higher, it is

normal |y conkgfde’d Gndssre preterablifrons ng 80gRgean’s: ®l ef i n, t he
reaction pressure is not specifically limted but is preferably from

at nospheri c

pr essImethe present invention, the alcohol medium solution
of hydrogen peroxide thus obtained is used in an epoxidation
reactign step of olefins as the following step. It is
preferred to use it in the following step after removing a
golid component in the reaction medium. A process of removing
the solid component is not specifically limited, and examples
thereof include processs such as decantation, filtration,
etc.

(2) Epoxidation of olefins

A catalyst used in the productioﬁ of propylene oxide in
the present invention.maywbe any oxidizing catalyst, and is
not specifically limited. In addition to MoO;, V05, WO; and
titanosilicate, TiO; supported on the carrier such as SiO,,
etc. are preferable. 2Among them, titanosilicate is more
preferable. The titanoslicate in the present invention
refers to those obtained by substituting a part of silicons,
which constitute a crystal lattice in a crystalline Si0, having
a zeolite structure, with titanium. A process for producing
titanosilicate is not specifically limited, but the
production example thereof include Japanese Patent Kokai
(laid-open) No. 56-96720. It is preferred that an atomic
ratio of Si to Ti in titanosilicate is from 10 to 1000.

An amount of the oxidizing catalyst used is not
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and | ow concentration hydrogen peroxi de wi thout the refui rgn@nw Q607
concentration. Therefore, it 15 beconepzpossible to carry the e€poxi dation
reaction out wth high selectivity w thout requiring ah eoUS

hydr ogen peroxi de solution of high concentration. As a resuwlt, it becones

specEANRIIFSLimited, but is preferably from 1 mg to 10 g based
on 100 ml of the reaction medium in case of the suspension
bed type. The catalyst may take any form sﬁch as fine powder,
pellet, etc. The reaction can be conducted in a continuous
or batch-wise manner. As a reaction device, a suspension bed
or fixed bed type can be used. These are not specifically
 limited.

As the olefins to be epoxidized by the process of the
present invention, for example, ethylene, propylene, allyl
chloride, 2-butene, l-octene, l-tridecene, mesityl oxide,
isoprene, cyclooctene and cyclohexene are preferable. Among
them, ethylene and propylene are more preferable, and
propylene is most preferable.

The reaction temperature is preferably from 5 to 1507T,
more preferably from 30 to 100C. When the reaction is
conducted at high temperature, e.g. a boiling point of the
medium or higher, it is normally conducted under pressure.
When using a gaseous olefin, the reaction pressure is not
specifically limited but is preferably from atmospheric

pressure to 100 kg/cm?® * G, more preferably from 3 to 30 kg/ cm? -
G.

According to the present invention, it is possible to
effectively use cheap and low concentration hydrogen peroxide
which is not required to be concentrated. Therefore, it

becomes possible to allow the epoxidation reaction to proceed

possi bl e to produce an epoxi di zed product of ol efins, e.g. "propyrene oXi d€,
cheapl y.
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scope thereof. The concentration of hydrogen pvrcxn’dg

Exanpl es was determ ned by the iodit@tric titration. A pcten |orretr| C
automatic titrator AT-310 nmanufactured by KYOTO ELECTRPNIES

MANUFACTURI NG Co., Ltd. was used for titration. 25 The quantitative
determ nati on of the epoxidation reaction product was con ted—by gas
chromat ogr aphyhighded estlizdtiyviviyhaft meqpiring axixipiesys byfrogemred from
the follow ng equat i on: (Selectivity % of propyl ene oxide) = (numnber

of nols of pevpyidnedadvitdenpobduibgi)cohcentration. As a result, it
becomes possible to produce an epoxidized product of olefins,

e.g. propylene oxide, cheaply.

EXAMPLES

The following Examples and Comparative Examples further
illustrate the present invention in detail but are not to be
construed to limit the scope thereof.

The concentraﬁion of hydrogen peroxide in the Examples
was determined by the iodimetric titration. A potentiometric
automatic titrator AT-310 manufactured by KYOTO ELECTRONICS
MANUFACTURING Co., Ltd. was used for titration.

The quantitative determination of the epoxidation
reaction product was conducted by gas chromatography, and a
selectivity of propylene oxide was calculated from the
following equation:

(Selectivity % of propylene oxide) = (number of mols of
propylene oxide produced)/ (number of mols of hydrogen
peroxide consumed) x 100

The conversion of hydrogen peroxide was calculated from
the following equation:

(Conversion of hydrogen peroxide} = {number of mols of hydrogen
peroxide consumed)/ (number of mols of hydrogen peroxide

before reaction) x 100
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conversion of hydrogen peroxide was cal culated fromthe foll o%mm QIEET
(Conversion of hydrogen peroxide) = (nunmber of nols of hydrqge . :

cons'urred) /
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Furthermore, the specific surface area was measured By
using Flow Sorb II, 2300 type, manufactured by Micromeritics
Instruments Co.

Example 1

(1) Production of hydrogen peroxide

An inner vessel having a internal volume of 300 ml,
wherein 30 mg of PdBr, {specific surface area: 0.4 m?/g,
manufactured by NACALAI TESQUE, INC.) and 120 ml of methanol
was charged, was fit with an autoclave having an internal
volume of 400 ml. A hydrogen gas and an oxygen gas were
introduced in a flow rate of 80 ml/min and 800 ml/min,
respectively, using a gas blowing tube. A nitrogen gas was
introduced into a vapor phase part in a flow rate of 2500 mi/min
and a pressure was maintained so that an autoclave internal
pressure becomes 9 kg/cm? + G. Areactionvessel was maintained
at 20T by external cooling. The concentration of hydrogen
peroxide in the reaction solution after 2 hours have passed
since the beginning of the reaction was 0.15% by weight.

(2) Production of propylene oxide

A hydrogen peroxide methanol solution obtained in the
above item (1) (48 g) and 200 mg of titanosilicate (Atomic
ratio of Si to Ti: 50, manufactured by N.E. Chemcat
Corporation) were charged in an autoclave having an intérnal
volume of 125 ml, and then a propylene gas was introduced under

pressure so that an internal pressure thereof becomes 4
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the specific surface area was neasured by usifg{a Fl ow Sorb
type device, manufactured by Mcromeritics In$t{urehtiitgagy

15

kg/cm? * G. The conversion of hydrogen peroxide after stirring
at the reaction temperature of 40T for 1 hour was 99% and the
selectivity of propylene oxide was 70%.
Example 2

(1) Production of hydrogen peroxide

An inner vessel having a internal volume of 300 ml,
wherein 30 mg of a Pd powder (specific surface area: 10.8 m%/g,
manufactured by TANAKA KIKINZOKU KOGYO K.K.) and a mixed
methanol solution of 5ml of a 0.0012N-NaBr methanol solution,
5 ml of a 1.2N-H,;S0; and 110 ml of methanol were charged, was
fit with an autoclave having an internal volume of 400 ml.
A hydrogen gas and an oxygen gas were introduced in a flow
rate of 80 ml/min and 800 ml/min, respectively, using a gas
blowing tube. A nitrogen gas was introduced into a vapor phase
part in a flowrate of 2500 ml/min and a pressure was maintained
so that an autoclave internal pressure becomes 9 kg/ cm? - G.
A reaction medium was maintained at 20T by external cooling.
The concentration of hydrogen peroxide in the reaction
solution after 2 hours have passed since the beginning of the
reaction was 0.35% by weight.

{2} Production of propylene oxide

A solution (48 g} prepared by adding 3.1 ml of an aqueous
2N-NaOH solution to the hydrogen peroxide methanol solution
obtained in the above item (1)}, followed by stirring, and 200

mg of titanosilicate (Atomic ratio of Si to Ti: SO,
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rates of 80 m/mn and 800 mM/mn respectively using 10 aj gas bl owi ng tube.
Ni trogen gas was introduced into a vapor phase part at a flowrate of
2500 ni / m nmandfactesad byviisE ndhanaatatbrporptbonevere chdrpddiia amt er nal
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propylene gas was introduced under pressure so that an internal

pressure t_hereof becomes 4 kg/cm?+G. The conversion of
hydrogen perox_ide after stirring at the reaction temperature
of 40T for 1 hour was 65% and the selectivity of propylene
oxide was 95%.
Example 3

Using a solution prepared by adding 2.5 ml of an agqueous
2N-NaOH solution to the hydrogen peroxide methanol solution
obtained by producing under the same condition as that of
Example 2 (1), followed by stirring, the reaction was conducted
under the same condition as that of Example 2(2). The
conversion of hydrogen peroxide after stirring at the reaction

temperature of 40°C for 1 hour was 98% and the selectivity of

propylene oxide was 27%.
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1. A process for producing an epoxidized product of

2

olefins, which comprises oxidizing olefins in the presence

by

of an oxidizing catalyst, !_using an alcohol medium solution

of hydrogen peroxide produced by catalytically reacting

hydrogen with oxygen in an alcohol medium.

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

oxidizing catalyst is titanosilicate.

3. The process according to c¢laim 1, wherein the olefin

is propylene.

4. The process according to claim 1, wherein the alcohol

medium solution of hydrogen peroxide is an alcohol medium

solution of hydrogen peroxide produced by catalytically

reacting hydrogen with oxygen in an alcohol medium in the

presence of a platinum group metal or a compound of the platinum

group metal.

5. The process according to claim 1, wherein the alcohol

medium solution of hydrogen peroxide is an alcohol medium

solution of hydrogen peroxide produced by catalytically

reacting hydrogen with oxygen in an alcohol medium in the

presence of a halogen compound of a platinum group metal.

6. The process according to claim 5, wherein the halogen

compound of the platinum group metal is a halogen compound

of the platinum group metal supported on a carrier.

7. The process according to claim 5 or 6, wherein the
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8. The process according to claim § or 6, wherein the
halogen compound of the platinum group metal is palladium
chlorig_ie or palladium bromide.

9. The process according to claim 1, wherein the alcohol
medium solution of hydrogen peroxide is an alcohol medium
solution of hydrogen peroxide produced by catalytically
reacting hydrogen with oxygen in an alcohol medium containing
an acid and a halide of an alkaline metal or an alkaline earth
metal in the presence of a platinum group metal.

10. The process according to clairp. 1, wherein the
alcohol medium solution of hydrogen peroxide is a solution
prepared by neutralizing an alcohol medium solution of
hydrogen peroxide, produced by catalytically reacting
hydrogen with oxygen in an alcohol medium containing a halide
of an acid and an alkaline metal or an alkaline earth metal
in the presence of a platinum group metal, with a base.

11. The process according to claim 9 or 10, wherein the
platinum group metal is a platinum group metal supported on
a carrier.

12. The process according to any one of claims 9 to 11,
wherein the platinum group metal is palladium.

13. The process according to any one of claims 10 and

11, wherein the base is a solution of hydroxide of an alkaline
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metal or an alkaline earth metal.

14. The process according to any one of claims 1, 5,9

and 10, wherein the alcohol medium is methanol.
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- ABSTRACT

PROCESS FOR PRODUCING EPOXIDIZED PRODUCT OF OLEFINS

Disclosed ié a process for producing an epoxidized
product of olefins, which comprises oxidizing olefins in the
presence of an oxidizing catalyst,ztyzsing an alcohol medium
solutipn of hydrégen peroxide produced by catalytically
reacting hydrogen with oxygen in an alcohol medium.

According to the present invention, an epoxidized
product of olefins can be produced by using an alcohol medium
solution of hydrogen peroxide in high selectivity without

requiring an agqueous hydrogen peroxide solution of high

concentration and producing a large amount of by-products.
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Cor paration) were charged in an autoclave having an internal volunme of 125
m, and then a p-pwopylene gas was introduced under pressure so that the

| At er nal pressur{ Rmm;_’ms 4 kg/cnferr] G The conversion of hydrogen
peroxi de after sfirn he’reafti on tenper at Salsstitite 5BedDC1¥ April 20001

A

was 65% and the opyl ene oxi de was 95% Exampl e 3

Usi ng a sol uti onj pt i'ng 2.5 m of an aqueous 2N-NaOH sol ution
to the hydr oggn t Hanol -dol uti on obt ai ned by produci ng under
t he sanme conditipn as that anple 2(1), followed by stirring, the

reacti on was conducted Jane condition 15 as that of Exanple 2(2).
The conver si on OPROZESSFOR PRODUCINGEPOXIBIAED PROFUCT G OEBHING

BACKGROUND OF THE INVENTION
1. Field of the Invention

5 The present invention relates to a process for producing an epoxidized product of
olefins. More particularly, it relates to a process for producing an epoxidized product of

olefins which comprises reacting olefins with hydrogen peroxide in an alcohol medium.

2. Description of Related Art
10 Epoxidized products of olefins, particularly propylene oxide, have important industrial
application as raw materials of, for example, propylene glycol, polypropylene glycol, etc.

As a general industrial process of producing propylene oxide, for example, a
chlorohydrin process, a Halcon process and a peré.cetic acid process are known. However,
these processes have a problem in that, since a large amount of by-products are produced, the

15 disposal of the resultant by-products is required.

To the contrary, a process using hydrogen peroxide in the presence of a titanium
compound has the advantage that a large amount of by-products is not produced (Japanese
Patent Kokoku No. 4-5028 and U.S. Patent No. 5,354,875). For example, Japanese Patent
Kokoku No. 4-5028 discloses that an olefin can be epoxidized in high yield and high

20 selectivity by using crystalline titanosilicate as a catalyst and hydrogen peroxide as an
oxidizing agent in an alcohol medium.

When the medium of hydrogen-peroxide is an aqueous medium, it is necessary to first
dilute the aqueous medium with an organic solvent (e.g. alcohol, etc.) for use as an efficient
medium in the epoxidation reaction. For example, it is necessary that an aqueous 30 wt%

25 hydrogen peroxide solution be diluted with methanol to give a 5 wt% hydrogen peroxide

solution containing methanol as a main solvent before using this for an epoxidation reaction.

- Therefore, in order to maintain a concentration of hydrogen peroxide used for the epoxidation

reaction at a predetermined concentration, it is necessary to initially produce an aqueous
hydrogen peroxide solution of higher concentration.

30 Since the aqueous hydrogen peroxide solution of higher concentration requires a

concentration step, the process becomes complicated, which results in high price.

A o 2-oie—)
‘Q\\‘\r\ D
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Furthermore, there is a large risk involved because of the high concentration and the required
step of dilution wifh an alcohol. Also a large amount of by-product, such as glycol, etc. is
produced because a large amount of water is present.

A most popular industrial process of producing hydrogen peroxide is an autoxidation
process using an alkyl anthraquinone, However, this process has problems in that it is
complicated, involving a number of steps including reduction/oxidation of the alkyl
anthraquinone and extraction/separation, purification and concentration of the resultant
hydrogen peroxide, and in that loss of the alkyl anthraquinone and deterioration of the
reducing catalyst take place.

In order to solve these problems, there is suggested a process of bringing hydrogen
into contact with oxygen in an aqueous medium in the presence of a platinum group metal to
directly synthesize hydrogen peroxide (Japanese Patent Kokoku Nos. 55-18646 and 1-23401
and Japanese Patent Kokai (Jaid-open) No. 63-156005). For example, Japanese Patent Kokai
(laid-open) No. 63-156005 discloses that an aqueous hydrogen peroxide solution of high
concentration can be produced from hydrogen and oxygen in an aqueous medium containing
an acid and a halide ion in the presence of a platinum group metal supported on a carrier.
However, these processes are processes of producing hydrogen peroxide in an aqueous
medium and, as described above, in order to use the product as the oxidizing ageﬁt in the
epoxidation of an olefin after dilution with an organic solvent, it is necessary to produce
hydrogen peroxide of higher concentration.

In order to obtain an aqueous hydrogen peroxide having a concentration as high as
possible by means of these processes, it is necessary to carry the reaction out under high
pressure. It can not be said that the production of hydrogen peroxide under high pressure

conditions is industrially efficient because the cost of various equipment becomes higher.

25 High pressure reactions also have problems associated with safety because the reaction

30

between hydrogen and oxygen is liable to cause explosions under such conditions. Therefore,

- it would be advantageous to provide a process capable of producing hydrogen peroxide

efficiently even under low pressure conditions and which hydrogen peroxide may be
efficiently used for the epoxidation of an olefin.

Japanese Patent Kokai (laidbpen) No. 57-92506 discloses that alcobol, ketone, ether,

ester and amide can be used as a reaction medium and that methanol is more preferable.
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However, in order to éfﬁéientiy obtain a hydrogen peroxide solution, it was necessary to
allow formaldehyde to coexist in the reaction medium to prevent decomposition of the
produced hydrogen peroxide. Accordingly, there was a problem that a step of adding
formaldehyde and a step of removing/purifying formaldehyde are required, so the process
5 becomes complicated. Furthermore, the possibility that formaldehyde will inhibit catalytic
activity is undeniable. |
The present inventors have intensively studied processes of producing an epoxidized
product of olefins which does not cause the above-described problems. This has led to the
finding that epoxidized products of olefins can be produced using an alcohol medium solution
10 of hydrogen peroxide in high selectivity without requiring an aqueous high concentration
hydrogen peroxide solution and without producing a large amount of by-product. Thus, the
present invention has been accomplished.

SUMMARY OF THE INVENTION
15
That is, the present invention provides a process for producing an epoxidized product
of olefins, which comprises oxidizing olefins in the presence of an oxidizing catalyst using
an alcohol solution of hydrogen peroxide produced by catalytically reacting hydrogen with
oxygen in an alcohol in the presence of a halogen compound of a platinum group metal, but
20 in the absence of formaldehyde.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will be explained in detail hereinafter.
25 (1) Production of hydrogen peroxide
In the present invention, it is necessary to use an alcohol as a reaction medium for the
- production of hydrogen peroxide. The alcohol is, for example, methanol, ethanol,
isopropanol, butanol, ethylene glycol, etc. Among them, methanol and ethanol are
preferable, and methanol is more preferable.
30 In the present invention, the hydrogen peroxide is produced by catalytically reacting

hydrogen with oxygen in an alcohol in the presence of a halide of a platinum group metal.
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Therefore, it is possible to produce hydrogen peroxide, which is suitable as a reagent for
epoxidation reaction of olefins, without the need for an aqueous high concentration hydrogen
peroxide solution and addition of an acid, or a compound which is dissociated to form a
halogen ion, or formaldehyde, etc.

5 Examples of the platinum group metal include rhodium, iridium, platinum, palladium,
etc. Among them, platinum or palladium is preferable, and palladium is used more
preferably. As the halogen compound, for example, a fluorine compound, a chlorine
compound, a bromine compound and an iodine compound may be used. Among them,
chlorine compounds or bromine compounds are preferably used. Specific examples of the

10 halogen compound of the platinum groilp metal include rhodium chloride, rhodium bromide,
iridinm chloride, iridium bromide, platinum chloride, platinum bromide, palladium fluoride,
palladium chloride, palladium bromide, palladium iodide, transdichlorodiaminepailadium etc.
Among them, palladium chloride and palladium bromide are particularly preferred.

The reaction can be conducted in a continuous or batch-wise manner. As a reaction

15 device, a suspension bed or fixed bed type reactor can be used. The amount of the halogen
compound of the platinum group metal used is not specifically limited, but is normally from
1 mg to 10 g, preferably from 10 mg to 10 g, based on 100 ml of the reaction medium in case
of the suspension bed type. The halogen compound of the platimum group metal may take any
form such as fine powder, pellet, etc. Among them, a fine powder is preferable and those

20 having a surface area of 0.01 to 10000 m%g are more preferably used. The halogen
compound of the platinum group metal can be used alone or in a form supported on a suitable
carrier. Generally, the yield of hydrogen peroxide per weight of the metal is larger when the
halogen compound is supported.

Examples of the carrier include alumina, silica, titania, magnesia, zirconia, ceria,

25 zeolite, graphite, active carbon, silica gel, hydrated silicic aéid, silicon carbide, etc. Among
them, alumina, silica, titania, zeolite, graphite and active carbon are preferably used.

The halogen compound may be supported on the carrier as desired. For example, the
compound may be supported using a process of suspending the carrier in a solution of the
halogen compound, followed by evaporation to dryness. It will be recognised, however, that

30 the process may be any process capable of supporting, and is not specifically limited.

In an alternate embodiment, hydrogen peroxide produced by catalytically reacting
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an alkaline metal or an alkaline earth metal in the presence of a platinum group metal is used.
In this case, it is also not necessary to use an aqueous hydrogen peroxide solution of high
concentration and to add an additive such as formaldehyde.

5 Specific examples of the platinum group metal are as described above and include
rhodium, iridium platinum, palladium, etc. Among them, palladium is preferred. The,
platinum group metal may be used alone or supported by various carriers. As a supported
platioum group metal, various metals are commercially available and commercially available
products may be used.

10 The platinum group metal may taken any form such as fine powder, pellet, etc. The
reaction can be conducted in a continuous or batch-wise manner. As a reaction device, a
suspension bed or fixed bed type reactor can be used. These are not specifically limited. The
amount of the platinum group metal used is not specifically limited, but is normally from 1
mg to 10 g, preferably from 10 mg to 10 g, based on 100 ml of the reaction medium in case

15 of the suspension bed type reactor process.

Examples of the acid used in this process include sulfuric acid, hydrochloric acid,
phosphoric acid, etc. These acids may also be used in combination. The concentration of the
acid is preferably from 0.001 to 1 N, more preferably from 0.01 to 1 N. |

Specific examples of the halogen compound of the alkaline metal and alkaline earth

20 metal include sodium fluoride, sodium chloride, sodium bromide, sodium iodide, potassium
chloride, potassium bromide, magnesinm chloride, magnesium bromide, calcium chloride,
calcium bromide, etc. Among them, chloride, bromide or iodide compounds of alkaline
metals are preferred. Chloride or bromide compounds of alkaline metals are more preferable,
and bromide compounds of alkaline metals are most preferable.

25 The amount of the halogen compound of the alkaline metal or alkaline earth metal used
is preferably from 1 x 10 to 1 x 10 N, more preferably from 1 x 10° to 1 x 10® N,

It is preferred to peutralize hydrogen peroxide, produced by catalytically reacting
hydrogen with oxygen in an alcohol medium containing an acid and a halide of an alkaline
metal or an alkaline earth metal in the presence of a platinum group metal, with a base before

30 using it in the subsequent epoxidation of olefins because the selectivity of the epoxidized

product becomes higher. As the base, for example, a solution of a hydroxide of an alkaline
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metal or alkaline earth metal is preferable. Specific examples thereof include sodium
hydroxide, potassium hydroxide, calcium hydroxide, rubidium hydroxide, etc. An hydroxide
of an alkaline metal is more preferably used. These bases are normally used in the form of
an aqueous solution or an alcohol solution. For example, a high concentration solution of 1

5 10 20 N is preferable because the concentration of hydrogen peroxide after neutralizing is not
drastically lowered. The amount of base added is preferably at an equivalence point or less,
the closer to the equivalence point the bei:fer.

In the reaction for producing hydrogen peroxide according to the present invention,
the partial pressure ratio of oxygen to hydrogen is preferably within the range from 1:50 to

10 50:1. Itis also possible to carry the reaction out while diluting with an inert gas or to conduct
the reaction using air in place of oxygen. It is preferred to react under conditions which are
such that the chance of explosion is minimised. The reaction temperature is preferably from
5 to 60°C, more preferably from 10 to 50°C. "The reaction pressure is not specifically
limited, but is preferably within the range from atmospheric pressure to 150 kg/cm 2. G,

15 more preferably from 5 to 50 kg/cm? * G.

In the present invention, the alcobol solution of hydrogen peroxide is used in an
epoxidation reaction of olefins. Preferably, the alcohol solution is used after removing solid
components from the solution. The process for removing the solid componént is not
specifically limited, and examples thereof include processes such as decantation, filtration,

20 etc.

(2)  Epoxidation of olefins

The catalyst used in the epoxidation reaction may be any oxidizing catalyst, and is not
specifically limited. In addition to MoO;, V,0,, WO, and titanosilicate, TiO, supported on
a carrier such as SiO,, etc. are preferable. Among them, titanosilicate is more preferable.

25 As used herein titanosilicate refers to those obtained by substituting a part of silicons, which
constitute a crystal lattice in a crystalline SiO, having a zeolite structure, with titanium. A

. process for producing titanosilicate is not specifically limited, but may include those described
in Japanese Patent Kokai (laid-open) No. 56-96720. It is preferred that the atomic ratio of

Si to Ti in the titanosilicate is from 10 to 1000.
30 The amount of oxidizing catalyst used is not specifically limited, but is preferably from

1 mg to 10 g based on 100 ml of the reaction medium in case of a suspension bed type reactor
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process. The catalyst may take any form such as fine powder, pellet, etc. The reaction can
be conducted in a continuous or batch-wise manner. As a reaction device, a suspension bed
or fixed bed type reactor can be used. These are, however, not specifically limited.

The olefins to be epoxidized by the process of the present invention may include, for
example, ethylene, propylene, allyl chloride, 2-butene, 1-octene, 1-tridecene, mesityl oxide,
isoprene, cyclooctene and cyclohexene are preferable. Among them, ethylene and propylene
are more preferable, and propylene is most preferable.

The reaction temperature is preferably from 5 to 150°C, more preferably from 30 to
100°C. When the reaction is conducted at high temperature, e.g. the boiling point of the
medium or higher, it is normally conducted under pressure. When using a gaseous olefin,
the reaction pressure is not specifically limited but is preferably from atmospheric pressure
to 100 kg/cm *'G, more preferably from 3 to 30 kg/cm? G.

According to the present invention, it is possible to effectively use cheap and low
concentration hydrogen peroxide without the requirement for concentration. Therefore, it
becomes possible to carry the epoxidation reaction out with high selectivity without requiring
an aqueous hydrogen peroxide solution of high concentration. As a result, it becomes

possible to produce an epoxidized product of olefins, e.g. propylene oxide, cheaply.

EXAMPLES

The following Examples and Comparative Examples further illustrate the present
invention in detail but are not to be construed to limit the scope thereof.

The concentration of hydrogen peroxide in the Examples was determined by the
iodimetric titration. A potentiometric automatic titrator AT-310 manufactured by KYOTO
ELECTRONICS MANUFACTURING Co., Ltd. was used for titration.

The quantitative determination of the epoxidation reaction product was conducted by
gas chromatography, and a selectivity of propylene oxide was calculated from the following

. equation:

30

(Selectivity % of propylene oxide) = (number of mols of propylene oxide produced) /
(number of mols of hydrogen peroxide consumed) x 100
The conversion of hydrogen peroxide was calculated from the following equation:

(Conversion of hydrogen peroxide) = (number of mols of hydrogen peroxide consumed) /
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(number of mols of hydrogen peroxide before reaction) x 100

Furthermore, the specific surface area was measured by using a Flow Sorb II, 2300
type device, manufactured by Micromeritics Instruments Co.
Example 1

(1)  Production of hydrogen peroxide

An inner vessel having an internal volume of 300 ml, charged with 30 mg of PdBr, |
(specific surface area: 0.4 m*/g, manufactured by NACALAI TESQUE, INC.) and 120 ml
of methanol was fitted with an autoclave having an internal volume of 400 ml. Hydrogen gas
and oxygen gas were introduced at flow rates of 80 ml/min and 800 ml/min respectively using
a gas blowing tube. Nitrogen gas was introduced into a vapor phase part at a flow rate of
2500 ml/min and pressure was maintained to provide an autoclave internal pressure of 9
kg/cm® - G. The reaction vessel was maintained at 20°C by external cooling. The
concentration of hydrogen peroxide in thé reaction solution after 2 hours of reaction was
0.15% by weight.

(2)  Production of propylene oxide

A hydrogen peroxide methanol solution obtained in the above item (1) (48 g) and 200
mg of titanosilicate (Atomic ratio of Si to Ti: 50, manufactured by N.E. Chemcat
Corporation) were charged in an autoclave having an internal volume of 125 ml, and then a
propylene gas was introduced under pressure so that the internal pressure thereof was 4
kg/cm?*G. The conversion of hydrogen peroxide after stirring at the reaction temperature of
40°C for 1 hour was 99% and the selectivity of propylene oxide was 70%.
Example 2

(1)  Production of hydrogen peroxide

An inner vessel having an internal volume of 300 ml, charged with 30 mg of a Pd
powder (specific surface area: 10.8 m’/g, manufactured by TANAKA KIKINZOKU KOGYO
K.K.) and a mixed methanol solution of 5 ml of a 0.0012N-NaBr methanol solution, 5 ml of

. a 1.2N-H,S0, and 110 ml of methanol was fitted with an autoclave having an internal volume

30

of 400 ml. Hydrogen gas and oxygen gas were introduced at flow rates of 80 ml/min and 800
ml/min respectively using a gas blowing tube. Nitrogen gas was introduced into a vapor
phase part at a flow rate of 2500 ml/min and pressure was maintained to provide an autoclave

internal pressure of 9 kg/cm®G. The reaction medium was maintained at 20°C by external
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cooling. The concentration of hydrogen peroxide in the reaction solution after 2 hours of
reaction was 0.35% by weight.

(2)  Production of propylene oxide

A solution (48 g) prepared by adding 3.1 ml of an aqueous 2N-NaOH solution to the
hydrogen peroxide methanol solution obtained in the above item (1), followed by stirring, and
200 mg of titanosilicate (Atomic ratio of Si to Ti: 50, manufactured by N.E. Chemcat
Corporation) were charged in an autoclave having an internal volume of 125 ml, and then a
propylene gas was introduced under pressure so that the internal pressure thereof was 4
kg/cm*'G. The conversion of hydrogen peroxide after stirring at the reaction temperature of
40°C for 1 hour was 65% and the selectivity of propylene oxide was 95%.
Example 3

Using a solution prepared by adding 2.5 mt of an aqueous 2N-NaOH solution to the
hydrogen peroxide methanol solution obtained by producing under the same condition as that
of Example 2(1), followed by stirring, the reaction was conducted under the same condition
as that of Example 2(2). The conversion of hydrogen peroxide after stirring at the reaction
temperature of 40°C for 1 hour was 98 % and the selectivity of propylene oxide was 27%.



| WERUACEMENT SHEET
- Substitute sheet — 17 April 2000
“ 1% o do
-10-
What is claimed is:
1. A process for producing an epoxidized product of olefins, which comprises

oxidizing olefins in the presence of an oxidizing catalyst using an alcohol solution of hydrogen

5 peroxide produced by catalytically reacting hydrogen with oxygen in an alcohol in the
presence of a halogen compound of a platinum group metal, but in the absence of
formaldehyde.

2. The process according to claim 1, wherein the oxidizing catalyst is
10 titanosilicate.

3. The process according to claim 1, wherein the olefin is propylene.

4. The process according to claim 1, wherein the halogen compound of the

.15 platinum group metal is supported on a carrier.

5. The process according to claim 4, wherein the halogen compound of the

platinum group metal is a halogen compound of palladium or platinum.

20 6. The process according to claim 4, wherein the halogen compound of the

platinum group metal is palladium chloride or palladium bromide.

7. The process according to claim 1, wherein the alcohol is methanol.
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