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PROCESS FOR PRODUCING PROPYLENE OXIDE

BACKGROUND OF.THE INVENTION
Field of the Invention
The present invention relatés to a process for
producing propylene oxide. More precisely, the present
inveniion relaées to a.process fof producing propylene

oxide which enables to suppress depression of activity of

' the catalyst used in the reaction with the passage of time.

Background Information

Propylege oxide is an induétrial chemical used as a
raw material for producing, for examplé, polyurethane.

‘A method is known for converting an olefin compound.
into an oxirane compound by reacting an olefin compound
with ethylbenzene hydroperoiide in the presence of a Ti-
'containing solid catalyst (see JP—B~56-35941,_JP-§-54—
40525, JP-B-54-40526, JP-B-50-30049). It has been known,
however, that an industrially undesirable phenomenon,
depression of activity of the Ti-containing solid catalyst
with the passage of time, occurs when propylene oxide is

produced by reacting an impurity-containing ethylbenzene



hydroperoxide, such as one prdduced industrially, with
propylene in the presence of the Ti-containing_solid
catalyst.

As the result of extengive studies for suppressing or
preventing deactivation of the catalyst, the present
inventors have found that the deactivation can be
suppressed or prevented by conducting the epoxidation
reaction using a réw-material solution which is prepared by
washing a solution of ethylbenzene hydroperoxide in
ethylbenzene with an aqueous aikali solution té bring a
lactic acid concentration to 5 ppm by weight or less, which

fact led them to the present invention.

SUMMARY OF THE INVENTION

Thus, the present invention relates to a process féf
producing propylene oxide which comprises reactiné a raw
material solﬁtion which is a solution of ethylbenzene
hydroperoxide'in ethylbenzene obtained by liquid'phase
autoxidation of ethylbenzene with propylene in the presence
of a Ti-containing solid catalyst to give propylene oxide,
said raw material solution being a solution prepared by

washing a solution of ethylbenzene hydrbperoxide in



ethylbenzene obtained by liquid phase autoxidation of
ethylbenzene with an agueous alkali solution to bring a

lactic acid concentration to 5 ppm by weight or less.

DETAILED DESCRIPTION OF THE INVENTION

The raw material for the present invention is a
solution of ethylbenzene hydroperoxide in ethylbenzene
obtained by liquid phase autoxidation of ethylbenzene.

Liquid phaée autoxidation of ethylbenzene
(hereinafter, abbreviated as EB) is usually effected with
moleculaf oxygen at 50 - 150°C. In order to maintain the
selectivity to ethylbenzene hydroperoxide (hereinafter,
‘abbreviated as EBHP) at a high level, the conversion of EB
is kept at a low level. Therefore, the EBHP concentration
in the oxidation reaction solution is usually about 5 - 15%
by weight. Generally, the oxidation reaction solution is
subjected to a concentration step partially removing low
temperature boiling fractions such as EB to enhance EBHP
concentration before using in the epoxidation reaction with
propylene. |

It has been found, however, that substances acting as

a éatalyst poison for Ti-containing solid catalyst exist in



the oiidation reaction and is not removed in the
concentration step. Among these substances, the.most
poisonous one is lactic acid, which may exist, depending on
the oxidation conditions, in a concentration of several |
tens ppm during the oxidation reaction. Further, the raw
material containe organic acids other than lactic acid and
these organic acids may also adversely affect the catalytic
activity. Therefore, it is necessary to remove catalyst
poisons, particularly lactic acid, in the EBHP raw material
solution, and for this reason, washing with an aqueous
alkali solution is required.

When the washing.with an aqueous alkali solution is
conducted, the EBHP concentration.in the raw material
solution is preferably 10 - 25% by weight and more.
preferably 12 - 20% by weight. An EBHP concentration lower
than the above level may be economically undesirable due to
a laige rate of loss of EBHP in waste alkali and a_large
washing apparatus required. Also, an EBHP concentration
higher than the above level may result in insufficient
phase separation in the alkali washing lowering the rate of
removal of catalyst poisons including lactic acid. An EBHP

solution having a concentration within the above range can



be easily obtained by concentration through appropriate
extent of distillation of the oxidation reaction solution.

Suitable alkali sources in the aqueous alkali solution
for use in washing include alkali metal hydroxides, alkali
metal'carbonates, alkali metal hydrogen carbonates, for
example, NaOH, KO;-I, Naz_CO:', K:CO3, NaHCO3, KHCO; and the like,
ammonia, amines and the like. Because of inexpensiveness
and easy availability in the industrial market, NaOH and
Na:COs are particularly preferred. The concentration of the
aqueous alkali solution is ﬁreferably 0.01 - 30% by weight,
.more preferably 0.05 - 20% by weight, further preferably
0.05 - 10% by weight and most preferably 0.1 - 10% by
weight.

The volume ratio (o/w) of the solution of the EBHP raw
material oil to the frésh.aqueous alkali solution is
preferably 1000/1 - 1/1, more preferably 200/1 - 2/1 and
most preferably 100/1 - 10/1. A too high concentration of
alkali or too low o/w may be econémically ﬁndesirable due
to increase in the amount of alkali to be used or increase
in the amount of waste water or of alkali‘in waste water.
Also, a too low concentration of alkali or too high o/w may

result in insufficient removal of catalyst poisons,



including lactié¢ acid, in the EBHP raw material oil.

The alkali washing can be effected by appropriately
mixing the above described EBHP raw material solution and
the aqueous alkali solution, settling the mixture to form
separate phases and recovering the oily phase containing
EBHP. The temperature during washing and settling is
preferably 0 - 100°C and more preferably 30 - 80°C. If the
temperature is too high, undesirable éide reactions such as
heat decomposition of EBHP may occur and if the temperature
is too low, energy required for cooling may be excessive.
The period for mixing and settling is not particularly
limited insofar as it provides necessary and sufficient
mixing and settling and usually is about 1 -~ 100 minutes.
The alkali washing can be conducted either by batch
operation or in continuous operation. A part of the wasté
aqueous alkali from the washing step may be recycled to use
in admixture with the fresh aqueous alkali solutiop.

The lactic acid concentration in the EBHP raw material
oil obtained after the alkali washing should be 5 ppm by
weight or less. It is preferred to control the
concentration to 1 ppm by weight or less by adjusting the

alkali washing to the above described preferred range.



The oily phase obtained after the alkali washing may
further be washed with water. 1In this cése, the conditions
(o/w rétio, temperature, period etc.) for.the water washing
may be similar to those for the alkali washing.

It is preferred that the above described washing with
the aqueous alkali solution is conducted after increasing
the EBHP concenﬁration in the reaction.solution resulted
from oxidation of ethylbenzene preferably up té ld - 25% by
weight and more preferably to 12 - 20% by weight. Further,
it is preferred to subject the oily phase obtained by
washing with the aqueous alkali to concentration by
distillation. By such concentration after washing, water
dissolved in the raw material during washing can be
azeotropically removed with EB.

When the raw material solution is used after the
alkali washing and water washing or concentration, for
example by distillation, the lactic acid concentrapion in
the EBHP raw material oil should be 5 ppm by weight or less
and preferably 1 ppm by weight or less.

The raw material also contains organic acids other
than lactic acid, the amount §f which is usually about 0.01

- 0.5% by weight. Said organic acids include formic acid,



acetic écid, propionic acid, benzoic acid and the likef
Since these organic acids may adversely affect the
catalytic activity, it is desirable to use the raw material
having a content of the organic acids including lactic acid
in the solution to be charged (progylene.+ a solution of
EBHP in EB) preferably of 2 umol/g or less and more
preferably of 1 umol/g or less. The content of the.organic
acids in the solution to be charged can bg easily |
determined by ion chromatography, liquid chromatograéhy or
the like.

When much amount of water is contained in the raw
material, the catalytic activity in the epoxidation step
may be remarkably decreased and the produced propylene
oxide (hereinafter, abbreviated as PO) may react with it _
resulting in decrease in'yield. It is desirable that the
water content in the raw material is one which allows to
suppress the concentration of propylene glycol as the side
product in the product to a lével preferébly of 10 umol/g
or less and more preferably of 5 umol/g or less. The
concentration of propylene glycol in the product can be
easily determined by gas chromatography.

The raw material solution obtained as above may be



concentrated in order to be used in the subsequent
epoxidation step as a solution having a preferred EBHP
concentration.

Next, the epoxidation reaction is illustrated.

The catalyst used in the present invention is a Ti-
containing solid catalyst including, for example, Ti
compounds carried on various carriers, complexes with other
oxides formed by co-precipitation or sol-gel process, Ti-
containing zeolite oxides and the like. Catalysts
containing titanium chemically bound with solid silica
and/or inorganic silicate, so-called Ti-silica catalysts,
are preferably used. Thése can be prépared by the known
processes described below (see JP-B-56-35941, JP-B-54-
40525, JP-B-54-40526, JP-B-50-30049).

For example, silica gel which is a solid silica, a
titanium compound such as tetraisopropyl titanate,
tet?aethyl titanate or the like, and an additive such as
acetylacetone, if necessary, are added to a solvent such as
isopropanol, ethanol or the like. They are mixed at room
temperature and the solids are separated by filtration.
The solids are washed with a solvent such as isopropanol,

ethanol or the like and dried. The dried_solids are
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calcined at about 400 - 900°C for about 1 - 18 hours. The
solids after calcination are heated wiﬁh agitation in a
silylating agent such as hexamethyldisilazane or the like
and a solvent such as toluene at about 50 -~ 300°C for about
0.5 - 5 hours and solids are separated by filtration. Then
the solids are washed with a solvent.such as toluene or the
like and dried under vacuum to give the catalyst used in
the present invention.

The epoxidation reaction éan be carried out by
reacting the EBHP raw material solution after treatment by
washing with'the.aqueous alkali solution and propylene in
the presence of the catalyst as described above.

In the epoxidation reaction, the concentration of EBHP
~in the EBHP raw material solution is preférably iO - 50% by
weight and more preferably 15 - 40% by weight. It is
preferred to use a EBHP raw material solution treated with
an aqueous alkali solution and concentrated.

If the concentratibn is too high, undesirable side
reactions such as heat decomposition of EBHP may increase
resulting in decrease in.éeléctivity of the reaction and if
the concentration is too low, too much ambunt of the

catalyst or too large reaction vessel is required due to
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lowefed reaction rate or productivity.

The EBHP raw material solution of concentration within
such range can be obtained by distilling the washed oil to
remove'é part of the low temperature boiling fractions such
as EB as described above. The céncentration of lactic acid
in the EBHP raw material solutionlshould be 5 ppm by weight
or less and is preferably 1 ppm by weight or less in order
to minimize deactivation of the catalyst.

The molar ratio of propylene to EBHP used in the
epoxidation reactibn is preferably 1 : 1 - 20 : 1.

If the amount of propylene is tob sﬁall, the reaction
rate and the selectivity of the reaction may decrease and
if the amount is too large, the productivity may be lowered
or excess energy for recycling unreacted propylene may be
required. |

It is preferred to remove water in the reaction system
because it has an action of accelerating the side ;eaction.
If water exists in the reaction system, propylene glfcol is.
formed as the side product from the reaction of propylene
and ethylbenzene hydroperoxide. The means for removiﬁg
water in the reaction system includes dehydrating agent

such as molecular sieve, silica gel, orthoformic acid
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esters, dicyclohexyl carbodiimide or the like, distillation
and the like.

It is preferred to conduct the reaction by continuous
process, including a process-in which a catalyst in the
form of solid pellets is enclosed in a reaction tube and
the EBHP raw material solution and propylene are passed
through the tube, a process in which the reaction is
carried Sut by a slurry feaction using powdered catalyst
and the like. The reaction temperature is preferably 0 -
200°C, more preferably 25 - 200°C and most preferably 30 -
150°C. At a lower temperature, the reaction may be slow and
at a higher temperature, the selectivity of the reaction
may be low. The pressure in the reactioﬁ system is
preferably 1 - 100 atm and m§re preferably 10 - 50 atm.
Under a lower pressure, the reaction may be slow and for a
higher pressure, an excessiée cost may be required for the
apparatus. |

The reaction period is about 0.5 - 5 hours wﬁen the
reaction is carried out by the batch systeﬁ and about 0.5 -
20 hour“lin the liquid hourly space velocity when the
reaction is carried out by the flow system. Ethylbenzene

hydroperoxide is usually subjected to the epoxidation
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reaction in the form of a solution in ethylbenzene used as
the raw material and solvent in its production. The
solution in ethYlbenzehe may contain side products formed
in the reaction. A second solvent may be used in the_
reaction as a diluent. The second solvent includes
aromatic compounds such as benzene, toluene, chlorobenzene,
bromobenzene, orthodichlorobenzene and the like and
aliphaiic compounds such as octahe,'decane, dodecane and
the like. Also, propylene as the reactant may be used in
excess for substituting a part of the solvent.

Unreacted propylene in the epoxidation reaction
solution can be recycled to the reaction system after
separating by distillation. Final removal of propylene
from the reaction solution after removing major part of the
unreacted propylene may be carried out by usual operation

such as distillation, washing or the like.

EXAMPLES
Reference Example 1 [Preparation of catalyst]
Commercial silica gel (10 -~ 40 mesh; surface area: 300
m*/g; average pore size: 10 nm; 50 g), tetraisopropyl

titanate (1.1 g), acetylacetone (0.82 g) and isopropanol
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(200 ml) were mixed, the mixture was étirred at room
temperature for 30 minutes and filtered. Solid portion was
immersed in isopropanol (50 ml), agitated for washing and
the liquid was removed by filtration. This operation was
repeated three times. Then the solid portion was dried
under a nitrogen.stream at 500°C for 2 hours and further
calcined under an air stream at 600°C for 4 hours.

The obtained substance (10 g), hexamethyldisilazane (4
g) and toluene (50 g) were mixed and the mixture was heated
with stirring under pressure at 200°C for 1 hour. The
liquid was removed from the mixture'by filtration. The
solid portion was washed with toluene (50 g) and dried
under vacuum (120°C; 10 mmHg; 3 hours) to give thelcatalyst.
Example 1
Alkali Washing of EBHP Solution

An EBHP solution (15% by weight; 3000 g) and a sodium
hydroxide solution (0.5% by weight; 1000 g) were mixed and'
the mixture was stirred at 60°C for 15 minutes and left to
stand at the same temperature for 15 minutes, followed by
phase separation. Thé oily phase was mixed with 1000 g of
water and the mixture was stirred at 60°C for 15 minutes and

left to stand at the same temperature for 15 minutes. The
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obtained oily layer was concentrated at 60°C under 50 mmHg
to give an EBHP sblution having a concéntration of 35% by
weight.
'Reaction

The epoxidation reaction was conducted in a fixed bed
flow reactor using a catalyst prepared according to the
method of Reference Example 1 (Ti content: 0.3% by weight),
an EBHP solution (containing 35% by weight of EBHP, 58% Ey
weight of EB and 0.3 ppm by weight of iactic acid) obtained
by the above described washing process and propylene. The
reaction was carried out under conditions of propylene/EBHP
= 12, LESV = 12, heater temperature of 99°¢ and reaction
pressure of 40 kg/cm?*. The results are shown in Table 1.
Comparative Example 1

The reaction was reﬁeated under the same conditions as
those in Example i except that an EBHP sélution without
alkali washing was used. The resulﬁs are shown in Table 1.
Example 2

The epoxidation reaction was conducted in a fixed bed
flow reactor using a catalyst prepared according to the
method of Reference Example 1 (Ti content: 0.3% by weight),

an EBHP solution (containing 35% by weight of EBHP, 58% by
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weight of EB and 3.1 ppm by weight of lactic acid) obtained
by a washing process similar to that described in Example 1
and propylene. The reaction was carried out under
conditions of propylene/EBHP = 11, LHSV = 12, ﬁeater
temperature of 65°C and reaction pressure of 40 kg/cm?. The
results are shown in Table 2.
Comparative Example 2

The reaction was.repeated ﬁnder the same conditioﬁs as
those in Example 1 excebt that an alkali-washed EBHP
solution obtained in Eiample'l and enriched with 100 ppm by
. weight of lactic acid was used as the raw matefial. The
results are shown in Table 2.
Example 3

An EBHP soluﬁion (34.8% by weight; solwvent:
ethylbenzene; 2000 g) and an aqueous sodium carbonate
solution'(IQ% by weight; 200 g) were mixed and the mixture
was stirred, followed by phase separation. The oily phase
was washed again with an aqueéus sodium carbonate solution
(10% by weight; 200 g). The oily phase was washed 11 times
with 200 g of water and dried with silica-gel to give an
EBHP solution (32.7% by weight).

A catalyst prepared according to the method of
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Reference Example 1 (Ti content based on charging amount:
0.37% by weight; 4 g), an EBHP solution (60_g) obtained by
the above described washing process and propylene (75 g)
~were charged in an autoclave and the reaction was conducted
at 120°C for 1 hour. After the reaction was terminated, the
catalyst was recovered by filtration and washed with.
ethylbenzene. Then thé same reaction was repeated using
the recovered and washed catalyst. The reaction was
repeated three times in this manner. The concentration of
lactic acid in the EBHP solution was 1.9 ppm by weight.
The concentration of orgaﬁic acids including lactic acid in
the charged solution (propyléﬁe + EBHP solution) was 0.2
pwol/g. The concentration of propylene glycol in the
‘reaction mixture Qas 4 umol/g. The results are shown in
Table 1.
Comparative Example 3

The reaction was repeated £hree times uﬁder the same
conditions as those in Example 3 except that an EBﬁP
solution without alkali washing was used. The
concentration of lactic acid in the EBHP solution was 47
ppm by weight. The concentration of organic acids

including lactic acid in the charged solution (propylene
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- +EBHP solution) was 7.6 umol/g. The concentration of

propylene glycol in the reaction mixture was 3 umol/g. The
results are shown in Table 3.

From the results, it can be understood that almost no

" decrease in catalytic activity with the passage of time was

observed in Examples 1, 2 and 3 which meet the requirements
under the present invention. On the other hand, remarkable
decrease in catalytic activity waé observed in Comparative

Examples 1, 2 and 3 which fails to meet the requirements

under the present invention.
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~Table 1
Example 1
EBEHP solﬁtion
for reaction
RKind*1 | ' A -
Lactic acid concentration, 0.3 -
ppm by wt.
Reaction period, hr 1 8
Results of reaction
_COnversion bf EBHP, % o 99.2 99.0

Comparative
Example 1
B -
68 -
1 7
99.8 77.9
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Table 2
Example 2 Comparaﬁive
Example 2
EBHP solutioﬁ
for reaction
Kind*1 | | e - D -
Lactic acid concentration, 31 - 103 -
ppm by wt.
Reaction period, hr cL 3 1 3
Results of reaction
Conversion of EBHP,% 88.2 87.9 86.9 78.5

*1 EBHP solution for reaction, Kind
| A and C: solution washed with alkali followed by
concentration
~B: solution without alkali-washing
D: solution washed with alkali followed by
concentration and.then lactic acid was added into the

solution
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Table 3
Example 3 Comparative
Example 3 |
Concentration
Lactic acid, ppm by wt.*1l 1.9 47
Organic acids, umol/g *2 0.2 . 7.6
PG ymol/qg *3 4 3
Relative ratio of reaction
Rate *4
First time - 1.00 1.00
Second-time 0.95 0.91
Third time 1.00 o 0.73

*1 Concentration in the EBHP solution

*2 Concentration in the'charged solution (propylene
+EBHP solution)

*3 Pé: propylene glycol. Concentration in the reaction
mixture.

*4 Relative ratio of reaction rate: relative value when

the reaction rate in the first time is'taken as 1
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WHAT IS CLAIMED i§:

1. A process for produciné propylene oxide which
comprises reacting a raw material solution which is a
solution of ethylbenzene hydroperoxide in ethylbenzene
obtained by liquid phase_autoxidation of ethylbenzene with
propylene in the presence of a Ti-containing solid catalyst
to give propyleﬁe oxide, said raw material solution being a
solution prepared by washing a solution of ethflbenzene
hydroperoxide in ethylbenzene obtained by liquid phase
'autoxidation of ethylbenzene with an aqueous alkali
solution to bring a lactic acid concénﬁration to 5 ppm by
weight or less.

2. The process according to claim 1, in which the raw
material solution is a solution.having a lactic acid
concentration of 1 ppm by weight or less.

3. The précess according to claim 1, in which a raw
material solution is a éolution containing 10 - 25% by
weight of ethylbenzene hydrdperoxide in ethylbenzene washed
with an aqueous alkali solution.

4. The process according to claim 1, in which the
alkali is}sodium hydroxide'or so&ium carbonate.

5. The process according to claim 1, in which the
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aqueous alkali_éaiution has an alkali concentration of 0.01
- 30% by weight.

6. The process according to claim 1, in which the
volume ratio (o/w) of the solution of ethylbenzéne
hydroperoxide in ethylbeﬁzene to the aqueous alkali
solution is 100/1 - 10/1.

7. The process according to claim 1, in which the raw
material solution is a solutioﬁ obtained by washing with an
aqueous alkali solution and distillation and having an
ethylbenzene hydroperéxide conceﬁtration - 10 [1]. - 50 % by
- weight and a lactic-acid concentration of 5 ppm by Qeight

or less.



