
DESCRIPTION 

Title of Invention: METHOD FOR PRODUCING PROPYLENE 

OXIDE 

5 

Technical Field 

[0001] The present invention relates to a method for producing 

propylene oxide. 

10 Background Art 

[0002] In patent literature 1, a method for producing propylene oxide 

comprising an oxidation step of oxidizing cumene to obtain cumene 

hydroperoxide, an epoxidation step of causing a reaction between the 

cumene hydroperoxide obtained in the oxidation step and propylene to 

15 obtain propylene oxide and cumyl alcohol, and a hydrogenation step of 

hydrogenating the cumyl alcohol obtained in the epoxidation step to 

obtain cumene and recycling the cumene to the oxidation step as a raw 

material in the oxidation step, is described. 	In the present specification, 

cumyl alcohol denotes 2-phenyl-2-propanol. 

20 

Citation List 

Patent Literature 

[0003] Patent Literature 1: Japanese Unexamined Patent Publication No. 

2005-97212 (laid-open on April 14, 2005). 

25 

Summary of Invention 
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Technical Problem 

[0004] In the above manufacturing method, it is required to improve 

total efficiency of the manufacturing step including energy efficiency 

and reaction efficiency. 

5 [0005] In order to solve the above problem in the method for producing 

propylene oxide through recycling of cumene for use as a raw material, 

the present invention provides a method for further efficiently producing 

propylene oxide through improvement in the oxidation reaction rate of 

cumene in the oxidation step and the conversion ratio of cumene 

10 hydroperoxide in the epoxidation step. 

Solution to Problem 

[0006] In order to solve the problem, the present invention provides the 

following methods. 

15 <1> A method for producing propylene oxide comprising the 

following steps 1) to 5): 

1) Oxidation step: a step of obtaining a reaction mixture 

containing cumene hydroperoxide by contacting a mixture containing 

cumene and cymene with an oxygen-containing gas to cause a reaction 

20 between cumene in the mixture and oxygen in the gas; 

2) Epoxidation step: a step of obtaining a reaction mixture 

containing propylene oxide and cumyl alcohol by contacting the 

reaction mixture containing cumene hydroperoxide obtained in the 

oxidation step with propylene in the presence of a catalyst to cause a 

25 reaction between cumene hydroperoxide in the reaction mixture and 

propylene; 
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3) Separation step: a step of obtaining a residual mixture 

containing cumyl alcohol by separating a mixture containing propylene 

oxide from the reaction mixture containing propylene oxide and cumyl 

alcohol obtained in the epoxidation step; 

5 4) Cumene conversion step: a step of obtaining a reaction 

mixture containing cumene by converting cumyl alcohol in the residual 

mixture containing cumyl alcohol obtained in the separation step into 

cumene; and 

5) Cumene recovery step: a step of obtaining a recovery mixture 

10 containing cumene and cymene with a cymene concentration of 100 

ppm by weight or more and less than 10000 ppm by weight (the cymene 

concentration is calculated based on the weight of the recovery mixture 

containing cumene and cymene obtained in the cumene recovery step) 

by distilling the reaction mixture containing cumene obtained in the 

15 cumene conversion step. 

At least a part of the mixture containing cumene and cymene in 

the oxidation step is the recovery mixture containing cumene and 

cymene obtained in the cumene recovery step. 

<2> The method for producing propylene oxide according to 

20 item <1>, wherein the cumene conversion step is a step of obtaining a 

reaction mixture containing cumene by dehydrating cumyl alcohol in 

the residual mixture containing cumyl alcohol obtained in the separation 

step in the presence of a catalyst to obtain a mixture containing 

a-methylstyrene, and then contacting the mixture containing 

25 a-methylstyrene with hydrogen in the presence of a catalyst to cause a 

reaction between a-methylstyrene in the mixture and hydrogen. 
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<3> The method for producing propylene oxide according to 

item <1>, wherein the cumene conversion step is a step of obtaining a 

reaction mixture containing cumene by contacting the residual mixture 

containing cumyl alcohol obtained in the separation step with hydrogen 

5 in the presence of a catalyst to cause a reaction between cumyl alcohol 

in the residual mixture and hydrogen. 

<4> The method for producing propylene oxide according to 

any one of items <1> to <3>, wherein the distillation in the cumene 

recovery step is performed under a condition for removing 0.025 wt% 

10 or more of cymene contained in the reaction mixture containing cumene 

obtained in the cumene conversion step (the weight ratio of cymene is 

calculated based on the weight of cymene contained in the reaction 

mixture containing cumene obtained in the cumene conversion step). 

<5> The method for producing propylene oxide according to 

15 any one of items <1> to <4>, wherein the cymene concentration of the 

reaction mixture containing cumene hydroperoxide in the epoxidation 

step is 100 ppm by weight or more and less than 10000 ppm by weight 

(the cymene concentration is calculated based on the weight of the 

reaction mixture containing cumene hydroperoxide). 

20 <6> The method for producing propylene oxide according to 

any one of items <1> to <5>, wherein the catalyst in the epoxidation 

step is a solid catalyst. 

<7> The method for producing propylene oxide according to 

any one of items <1> to <6>, wherein the catalyst in the epoxidation 

25 step comprises a titanium-containing silicon oxide. 

<8> The method for producing propylene oxide according to 
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any one of items <1> to <7>, further comprising the following step: 

Propylene oxide purification step: a step of obtaining purified 

propylene oxide by distilling the mixture containing propylene oxide 

separated in the separation step. 

5 

Advantageous Effects of Invention 

[0007] According to the present invention, in a method for producing 

propylene oxide by recycling cumene for use as a raw material, the 

oxidation reaction rate of cumene in the oxidation step and the 

10 conversion ratio of cumene hydroperoxide in the epoxidation step can 

be improved to produce propylene oxide more efficiently. 

Description of Embodiments 

[0008] [Method for producing propylene oxide] 

15 The present invention provides a method for producing 

propylene oxide comprising the following steps 1) to 5): 

1) Oxidation step: a step of obtaining a reaction mixture 

containing cumene hydroperoxide by contacting a mixture containing 

cumene and cymene with an oxygen-containing gas to cause a reaction 

20 between cumene in the mixture and oxygen in the gas; 

2) Epoxidation step: a step of obtaining a reaction mixture 

containing propylene oxide and cumyl alcohol by contacting the 

reaction mixture containing cumene hydroperoxide obtained in the 

oxidation step with propylene in the presence of a catalyst to cause a 

25 reaction between cumene hydroperoxide in the reaction mixture and 

propylene; 



3) Separation step: a step of obtaining a residual mixture 

containing cumyl alcohol by separating a mixture containing propylene 

oxide from the reaction mixture containing propylene oxide and cumyl 

alcohol obtained in the epoxidation step; 

5 4) Cumene conversion step: a step of obtaining a reaction 

mixture containing cumene by converting cumyl alcohol in the residual 

mixture containing cumyl alcohol obtained in the separation step into 

cumene; and 

5) Cumene recovery step: a step of obtaining a recovery mixture 

10 containing cumene and cymene with a cymene concentration of 100 

ppm by weight or more and less than 10000 ppm by weight (the cymene 

concentration is calculated based on the weight of the recovery mixture 

containing cumene and cymene obtained in the cumene recovery step) 

by distilling the reaction mixture containing cumene obtained in the 

15 cumene conversion step. 

At least a part of the mixture containing cumene and cymene in 

the oxidation step is the recovery mixture containing cumene and 

cymene obtained in the cumene recovery step. 

[0009] In an aspect, the cumene conversion step is a step of obtaining a 

20 reaction mixture containing cumene by dehydrating cumyl alcohol in 

the residual mixture containing cumyl alcohol obtained in the separation 

step in the presence of a catalyst to obtain a mixture containing 

a-methylstyrene, and then contacting the mixture containing 

a-methylstyrene with hydrogen in the presence of a catalyst to cause a 

25 reaction between a-methylstyrene in the mixture and hydrogen. 

In another aspect, the cumene conversion step is a step of 
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obtaining a reaction mixture containing cumene by contacting the 

residual mixture containing cumyl alcohol obtained in the separation 

step with hydrogen in the presence of a catalyst to cause a reaction 

between cumyl alcohol in the residual mixture and hydrogen. 

5 [0010] In the method for producing propylene oxide by recycling of 

cumene for use as a raw material, cymene is produced as a by-product. 

It was found that cymene is a component to be accumulated in a system, 

whose concentration increases over time in continued recycling, and 

that propylene oxide can be efficiently produced by controlling the 

10 cymene concentration at a specified level. 	Cymene is the general term 

for o-cymene, m-cymene and p-cymene, and the cymene concentration 

is the total concentration of o-cymene, m-cymene and p-cymene. 	The 

cymene concentration can be measured by gas chromatography. 

[0011] Each of the steps is described in detail as follows. 

15 [0012] 1) Oxidation step 

The oxidation step of the present invention is a step of obtaining 

a reaction mixture containing cumene hydroperoxide by contacting a 

mixture containing cumene and cymene with an oxygen-containing gas 

to cause a reaction between cumene in the mixture and oxygen in the 

20 gas. 

[0013] The cymene concentration of the mixture containing cumene 

and cymene to be used in the oxidation step is preferably 100 ppm by 

weight or more, more preferably 110 ppm by weight or more, still more 

preferably 120 ppm by weight or more, particularly preferably 130 ppm 

25 by weight or more such that the energy required for distillation does not 

increase excessively in the cumene recovery step. 	The cymene 
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concentration of the mixture containing cumene and cymene to be 

supplied to the oxidation step is preferably less than 10000 ppm by 

weight, more preferably 5000 ppm by weight or less, still more 

preferably 3000 ppm by weight or less, particularly preferably 1000 

5 ppm by weight or less in order to more efficiently produce cumene 

hydroperoxide in the oxidation step and more efficiently produce 

propylene oxide in the epoxidation step. 	The cymene concentration is 

calculated based on the weight of the mixture containing cumene and 

cymene for use in the oxidation step. 

10 [0014] As described below, in the present invention, at least a part of 

the mixture containing cumene and cymene in the oxidation step is the 

recovery mixture containing cumene and cymene with a cymene 

concentration of 100 ppm by weight or more and less than 10000 ppm 

by weight obtained in the following 5) cumene recovery step. 

15 [0015] As described below, in the present invention, per 100 wt% of a 

mixture containing cumene and cymene for use in an oxidation step, it 

is more preferable that the concentration of a recovery mixture 

containing cumene and cymene with a concentration of cymene 

obtained in the cumene recovery step of 100 ppm by weight or more 

20 and less than 10000 ppm by weight is 50 wt% or more, still more 

preferable that the concentration of a recovery mixture containing 

cumene and cymene with a concentration of cymene obtained in the 

cumene recovery step of 100 ppm by weight or more and less than 

10000 ppm by weight is 75 wt% or more, and further more preferable 

25 that the concentration of a recovery mixture containing cumene and 

cymene with a concentration of cymene obtained in the cumene 



recovery step of 100 ppm by weight or more and less than 10000 ppm 

by weight is 90 wt% or more. 

[0016] Examples of the oxygen-containing gas for use in the oxidation 

step include oxygen, air, and air with condensed oxygen. 

5 [0017] The cumene hydroperoxide content of the reaction mixture 

containing cumene hydroperoxide is preferably 5 to 80 wt%, more 

preferably 5 to 60 wt%, still more preferably 5 to 40 wt%, per 100 wt% 

of the reaction mixture. 

[0018] In the oxidation step, cumene is oxidized by oxygen to produce 

10 cumene hydroperoxide. 	The oxidation may be performed in the 

presence of an alkaline aqueous solution. 	The alkaline aqueous 

solution may be any aqueous solution with alkaline nature, and a fresh 

alkaline solution, an aqueous solution recovered from the oxidation step, 

an aqueous solution prepared by mixing an aqueous solution recovered 

15 from the oxidation step with a fresh alkaline solution, or the like is used. 

Examples of the fresh alkaline aqueous solution for use include an 

aqueous solution prepared by dissolving in water alkaline metal 

compounds such as NaOH and KOH, alkaline earth metal compounds 

such as Mg(011)2  and Ca(OH)2, alkaline metal carbonates such as 

20 Na2CO3  and NaHCO3, or ammonia and (N114)2CO3, or alkaline metal 

ammonium carbonates. 	The recovery of the aqueous solution in the 

oxidation step can be performed by separating a liquid phase produced 

in the oxidation step into an oil phase and an aqueous phase, and 

recovering the aqueous phase. 	The oxidation reaction temperature is 

25 usually 50 to 200°C, preferably 60 to 180°C, more preferably 70 to 

150°C. 	The reaction pressure is usually between atmospheric pressure 
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and 50001cPaQ preferably 10 to 2000 kPaG; more preferably 20 to 1000 

kPaG 

[0019] Cumene, cumyl alcohol, acetophenone, ethylbenzene, cumene, 

etc., are contained in the reaction mixture containing cumene 

5 hydroperoxide, as components thereof other than cumene 

hydroperoxide. 

[0020] 2) Epoxidation step 

The epoxidation step of the present invention is a step of 

obtaining a reaction mixture containing propylene oxide and cumyl 

10 alcohol by contacting the reaction mixture containing cumene 

hydroperoxide obtained in the oxidation step with propylene in the 

presence of a catalyst to cause a reaction between cumene 

hydroperoxide in the reaction mixture and propylene. 	In the present 

specification, the reaction for producing propylene oxide through a 

15 reaction between cumene hydroperoxide and propylene is referred to as 

"epoxidation reaction" in some cases. 

[0021] From the viewpoint of producing propylene oxide at a high yield, 

it is preferable that the epoxidation step is performed with use of a solid 

catalyst as the catalyst (hereinafter referred to as "epoxidation catalyst" 

20 in some cases), and it is more preferable that the step is performed in the 

presence of a catalyst comprising a titanium-containing silicon oxide. 

The catalyst comprising a titanium-containing silicon oxide contains 

titanium chemically bonded to a silicon oxide, and examples thereof 

include a titanium compound supported on a silica support, a titanium 

25 compound combined with a silicon oxide by a co-precipitation process 

or a sol-gel process, and a titanium-containing zeolite compound. 
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Preferred examples of the catalyst comprising a titanium-containing 

silicon oxide include catalysts described in Japanese Patent No. 

3731384, Japanese Patent No. 3797107 and the like, catalysts described 

in US 2005014960, US 2007260074 and the like, Ti-MCM-41 described 

5 in U.S. Patent No. 5783167 and the like, Ti-MCM-48 described in 

Japanese Unexamined Patent Publication No. H7-300312 and the like, 

Ti-HMS described in Nature 368 (1994) p. 321, CN101348472B, 

CN101307039B, CN101279960B, CN102311363B, CN102872847B, 

CN103030611B and the like, Ti-SBA-15, TS-1 and TS-2 described in 

10 Chemistry of Material 14, 2002, p. 1657 and the like, Ti-MWW 

described in Chemistry Letters 2000, p. 774 and the like, and a 

precursor thereof (e.g., Japanese Unexamined Patent Publication No. 

2003-32745). 

[0022] In the present invention, the reaction mixture containing cumene 

15 hydroperoxide obtained in the oxidation step to be used as a raw 

material in the epoxidation step may be a purified or unpurified product 

which is diluted or condensed. 

[0023] The epoxidation reaction is performed by contacting propylene 

and cumene hydroperoxide with a catalyst. 	The epoxidation reaction 

20 may be performed in a liquid phase, using a solvent. 	The solvent for 

use in the epoxidation reaction is required to be a liquid under the 

temperature and pressure conditions during the epoxidation reaction, 

and to be substantially inert to the raw materials and the products of the 

reaction. 	The solvent for use in the epoxidation reaction may be a 

25 material present in the reaction mixture containing cumene 

hydroperoxide obtained in the oxidation step, and for example, in the 
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5 

case where the reaction mixture obtained in the oxidation step contains 

cumene, the cumene can be the solvent for use in the epoxidation 

reaction. 	Examples of the useful solvents other than cumene include 

monocyclic aromatic compounds such as benzene, toluene, 

chlorobenzene and orthodichlorobenzene, and alkanes such as octane, 

decane and dodecane. 

[0024] The epoxidation reaction temperature is usually 0 to 200°C, 

preferably 25 to 200°C, more preferably 50 to 150°C. 	The epoxidation 

reaction pressure is controlled such that the reaction mixture can be 

10 maintained in a liquid state, and is usually 100 to 10000 kPaG; 

preferably 500 to 8000 kPaG 

[0025] The epoxidation reaction can be favorably performed in a slurry 

or a fixed bed mode. 	In a large-scale industrial operation, it is 

preferable to use a fixed bed. 	Further, the epoxidation reaction may be 

15 performed by a batch process, a semi-continuous process, a continuous 

process, etc. 

[0026] The propylene oxide content of the reaction mixture containing 

propylene oxide and cumyl alcohol obtained in the epoxidation step is 

preferably 1 to 31 wt%, more preferably 1 to 23 wt%, particularly 

20 preferably 1 to 16 wt%, per 100 wt% of the reaction mixture. 	The 

cumyl alcohol content is preferably 5 to 80 wt%, more preferably 5 to 

60 wt%, particularly preferably 5 to 40 wt%, per 100 wt% of the 

reaction mixture. 

[0027] In the epoxidation step, the molar ratio of propylene to be 

25 supplied to the epoxidation reaction to cumene hydroperoxide is usually 

2/1 to 50/1, preferably 3/1 to 30/1, more preferably 4/1 to 15/1. 
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[0028] In the case where the reaction mixture containing cumene 

hydroperoxide to be used in the epoxidation step contains cymene, the 

cymene concentration of the reaction mixture is preferably 100 ppm by 

weight or more, more preferably 110 ppm by weight or more, still more 

5 preferably 120 ppm by weight or more, particularly preferably 130 ppm 

by weight or more such that the energy required for distillation does not 

increase excessively in the cumene recovery step. 	The cymene 

concentration of the reaction mixture containing cumene hydroperoxide 

to be supplied to the epoxidation step is preferably less than 10000 ppm 

10 by weight, more preferably 5000 ppm by weight or less, still more 

preferably 3000 ppm by weight or less, particularly preferably 1000 

ppm by weight or less in order to more efficiently produce propylene 

oxide in the epoxidation step. 	The cymene concentration is calculated 

based on the weight of the reaction mixture containing cumene 

15 hydroperoxide to be used in the epoxidation step. 

[0029] Alternatively, unreacted propylene may be recovered after the 

epoxidation step so as to further perform a step of recycling the 

propylene as the raw material in the epoxidation step. 

[0030] 3) Separation step 

20 The separation step of the present invention is a step of 

separating a mixture from the reaction mixture containing propylene 

oxide and cumyl alcohol obtained in the epoxidation step, the separated 

mixture containing the propylene oxide, so that a residual mixture 

containing the cumyl alcohol is obtained. 

25 [0031] Examples of the method for separating the reaction mixture 

containing propylene oxide and cumyl alcohol obtained in the 
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epoxidation step into a mixture containing propylene oxide and a 

residual mixture containing cumyl alcohol include distillation. 	As the 

conditions for distillation, the pressure is usually 100 to 5000 kPaC 

preferably 100 to 30001cPaQ and the column top temperature is usually 

5 —50 to 150°C, preferably —40 to 130°C. 	Examples of the distillation 

process include a method using a distillation column, and a distillation 

method using a plurality of distillation columns may be employed. 

[0032] The content of propylene oxide in a mixture containing the 

separated propylene oxide is usually 99 wt% or more per 100 wt% of 

10 the mixture. 

[0033] On the other hand, the concentration of cumyl alcohol in a 

residual mixture containing cumyl alcohol is preferably 5 to 80 wt%, 

more preferably 5 to 60 wt%, particularly preferably 5 to 40 wt%, per 

100 wt% of the residual mixture. 

15 [0034] Cumene, acetophenone, ethylbenzene, phenol, cymene, etc., are 

contained in the residual mixture containing cumyl alcohol as 

components other than cumyl alcohol contained therein. 

[0035] Propylene oxide purification step 

In an embodiment, the method for producing propylene oxide of 

20 the present invention includes a propylene oxide purification step.. The 

propylene oxide purification step of the present invention is a step of 

obtaining purified propylene oxide by distilling the mixture containing 

propylene oxide separated in the separation step. 

[0036] In the mixture containing propylene oxide obtained in the 

25 separation step, water, hydrocarbons and oxygen-containing compounds 

are usually contained as impurities. 	Examples of the hydrocarbons 
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include hydrocarbons having 3 to 7 carbons. 	Examples of the 

oxygen-containing compounds include methanol, acetaldehyde, acetone, 

propionaldehyde, and methyl formate. 

[0037] As the method for removing the impurities, known distillation 

5 techniques may be appropriately combined, and it is preferred that 

purification is performed through combination of extractive distillation 

with an extracting agent of hydrocarbons having 7 to 10 carbon atoms 

and other distillation, from the viewpoint of efficiently removing water, 

hydrocarbons, and oxygen-containing compounds. 

10 [0038] Examples of the extracting agents of hydrocarbons having 7 to  

10 carbon atoms include straight-chain saturated hydrocarbons such as 

n-heptane, n-octane, n-nonane, and n-decane, and branched saturated 

hydrocarbons such as 2,2-dimethylpentane, 2,3-dimethylpentane, 

2,2-dimethylhexane and 2,3-dimethylhexane. 	These extracting agents 

15 may be used either singly or as a mixture of those compounds. 

[0039] The types and the operation conditions of the extractive 

distillation column and the other distillation column, and the amount of 

the extracting agent used are appropriately determined depending on the 

product quality required. 

20 [0040] 4) Cumene conversion step 

The cumene conversion step of the present invention is a step of 

obtaining a reaction mixture containing cumene, by converting cumyl 

alcohol in the residual mixture containing cumyl alcohol obtained in the 

separation step into cumene. 

25 In an aspect, the cumene conversion step is a step of obtaining a 

reaction mixture containing cumene, by dehydrating cumyl alcohol in 
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the residual mixture containing cumyl alcohol obtained in the separation 

step in the presence of a catalyst so as to obtain a mixture containing 

a-methylstyrene, and then subsequently contacting the mixture 

containing a-methylstyrene with hydrogen in the presence of a catalyst 

5 so as to cause a reaction between a-methylstyrene in the mixture and 

hydrogen. 	In the present aspect, the step of obtaining a mixture 

containing a-methylstyrene by dehydrating cumyl alcohol in the 

residual mixture obtained in the separation step in the presence of a 

catalyst is referred to as "dehydration step", and the step of obtaining a 

10 reaction mixture containing cumene by contacting the mixture 

containing a-methylstyrene with hydrogen in the presence of a catalyst 

so as to cause a reaction between a-methylstyrene in the mixture and 

hydrogen is referred to as "hydrogenation step", in some cases. 

[0041] In another aspect, the cumene conversion step of the present 

15 invention is a step of obtaining a reaction mixture containing cumene by 

contacting the residual mixture containing cumyl alcohol obtained in the 

separation step with hydrogen in the presence of a catalyst so as to 

cause a reaction between cumyl alcohol in the residual mixture and 

hydrogen. 	The cumene conversion step is referred to as 

20 "hydrogenolysis step" in some cases. 

[0042] The case where a cumene conversion step comprises the 

dehydration step and the hydrogenation step is described as follows. 

[0043] The dehydration step is a step of obtaining a mixture containing 

a-methylstyrene by dehydrating cumyl alcohol in the residual mixture 

25 containing cumyl alcohol obtained in the separation step in the presence 

of a catalyst. 
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[0044] Examples of the catalyst for use in the dehydration step 

5 

(hereinafter referred to as "dehydration catalyst" in some cases) include 

acids such as sulfuric acid, phosphoric acid and p-toluene sulfonic acid, 

and metal oxides such as activated alumina, titania, zirconia, 

silica-alumina and zeolite. 	From the viewpoint of improving the 

reaction efficiency, it is preferable that the step is performed in the 

presence of a solid catalyst, and it is more preferable that activated 

alumina is used. 

[0045] The dehydration reaction in the dehydration step is usually 

10 performed by contacting cumyl alcohol with a dehydration catalyst. 	In 

an embodiment, since the dehydration reaction is followed by the 

hydrogenation reaction in the hydrogenation step, cumyl alcohol may be 

contacted with a dehydration catalyst in the presence of hydrogen. 	The 

dehydration reaction can be performed in a liquid phase by using a 

15 solvent. 	The solvent is required to be substantially inert to the reaction 

raw materials and the products. 	The solvent may be a substance 

present in the residual mixture containing cumyl alcohol to be used. 

For example, in the case where the residual mixture containing cumyl 

alcohol contains cumene, the cumene can be used as the solvent without 

20 use of other solvent. 	The dehydration reaction temperature is usually 

50 to 450°C, preferably 150 to 300°C. 	The dehydration pressure is 

usually 10 to 100001cPaQ preferably 500 to 4000 kPaQ more 

preferably 1000 to 2000 kPaG 

[0046] The hydrogenation step is a step of obtaining a reaction mixture 

25 containing cumene by contacting the mixture containing 

a-methylstyrene obtained in the dehydration step with hydrogen in the 

17 



presence of a catalyst so as to cause a reaction between a-methylstyrene 

in the mixture and hydrogen. 

[0047] Examples of the catalyst used in the hydrogenation step 

(hereinafter, referred to as "hydrogenation catalyst" in some cases) 

5 

10 

include catalysts comprising metals in group 10 or group 11 in the 

periodic table, specifically including catalysts comprising nickel, 

catalysts comprising palladium, catalysts comprising platinum, and 

catalyst comprising copper. 	From the viewpoints of inhibition of the 

nucleus hydrogenation reaction of an aromatic ring and the high yield, 

catalysts comprising nickel, catalysts comprising palladium or catalysts 

comprising copper are preferred. 	As the catalysts comprising nickel, 

nickel, nickel-alumina, nickel-silica and nickel-carbon are preferred; as 

the catalysts comprising palladium, palladium-alumina, palladium-silica 

and palladium-carbon are preferred; and as the catalysts comprising 

15 copper, copper, Raney copper, copper-chromium, copper-zinc, 

copper-chromium-zinc, copper-silica and copper-alumina are preferred. 

These catalysts may be used singly or a plurality thereof may be used. 

[0048] The hydrogenation reaction in the hydrogenation step is 

performed by contacting a-methylstyrene and hydrogen with a 

20 hydrogenation catalyst. 	In an embodiment, the dehydration reaction is 

followed by the hydrogenation reaction, and in this aspect, a part of 

water generated in the dehydration reaction may be separated by an 

oil-water separator or may not be separated to be contacted with a 

hydrogenation catalyst together with a-methylstyrene. 	Although the 

25 amount of hydrogen required for the hydrogenation reaction may be an 

equimolar amount of a-methylstyrene, an excessive amount of 
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hydrogen is required because components other than a-methylstyrene to 

consume hydrogen are usually contained in the raw material. 	Since the 

reaction proceeds faster as the partial pressure of hydrogen is increased, 

the molar ratio of hydrogen/a-methylstyrene is adjusted to usually 1/1 

5 to 20/1, preferably 1/1 to 10/1, more preferably 1/1 to 3/1. 	The 

excessive amount of hydrogen remaining after the hydrogenation 

reaction may be recycled for use after separation from the reaction 

liquid. 	The hydrogenation reaction may be performed in a liquid phase 

using a solvent, or in a gas phase. 	The solvent is required to be 

10 substantially inert to the reaction raw materials and the products. 	The 

solvent may be a substance present in the mixture containing 

a-methylstyrene. 	For example, in the case where the mixture 

containing a-methylstyrene contains cumene, the cumene can be used 

as the solvent without use of other solvent. 	The hydrogenation 

15 reaction temperature is usually 0 to 500°C, preferably 30 to 400°C, 

more preferably 50 to 300°C. 	The hydrogenation reaction pressure is 

usually 100 to 100001cPaQ preferably 500 to 4000 kPaQ more 

preferably 1000 to 2000 kPaQ 

[0049] The dehydration reaction and the hydrogenation reaction can be 

20 favorably performed in a slurry or a fixed bed mode. 	In a large-scale 

industrial operation, it is preferable to use a fixed bed. 	Further, the 

dehydration reaction and the hydrogenation reaction may be performed 

by a reaction mode such as a batch process, a semi-continuous process, 

and a continuous process. 	The dehydration reaction and the 

25 hydrogenation reaction may be performed either in separate reactors or 

in a single reactor. 	Among continuous reactors including adiabatic 

19 



reactors and isothermal reactors, adiabatic reactors are preferred 

because isothermal reactors require equipment for heat removal. 

[0050] The hydrogenolysis step is a step of obtaining a reaction mixture 

containing cumene by contacting the residual mixture containing cumyl 

5 alcohol obtained in the separation step with hydrogen in the presence of 

a catalyst to cause a reaction between cumyl alcohol in the residual 

mixture and hydrogen. 	The hydrogenolysis reaction is performed by 

contacting the residual mixture containing cumyl alcohol and hydrogen 

with a catalyst. 	Examples of the catalyst for use in the hydrogenolysis 

10 step (hereinafter, referred to as "hydrogenolysis catalyst" in some cases) 

include catalysts comprising metals in group 10 or group 11, or group 

12 in the periodic table, specifically including catalysts comprising 

cobalt, catalysts comprising nickel, catalysts comprising palladium, 

catalysts comprising copper, and catalysts comprising zinc. 	From the 

15 

20 

viewpoint of inhibiting formation of by-products, catalysts comprising 

nickel, catalysts comprising palladium or catalysts comprising copper 

are preferred. 	Examples of the catalysts comprising nickel include 

nickel, nickel-alumina, nickel-silica and nickel-carbon; examples of the 

catalysts comprising palladium include palladium-alumina, 

palladium-silica and palladium-carbon; and examples of the catalysts 

comprising copper include copper, Raney copper, copper-chromium, 

copper-zinc, copper-chromium-zinc, copper-silica and copper-alumina. 

The hydrogenolysis reaction may be performed in a liquid phase using a 

solvent, or in a gas phase. 	The solvent is required to be substantially 

25 inert to the reaction raw materials and the products. 	The solvent may 

be a substance present in the residual mixture containing cumyl alcohol 
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to be used. 	For example, in the case where the residual mixture 

containing cumyl alcohol contains cumene, the cumene can be used as 

the solvent without use of other solvent. 	Although the amount of 

hydrogen required for the hydrogenolysis reaction may be an equimolar 

amount of cumyl alcohol, an excessive amount of hydrogen is required 

because components other than cumyl alcohol to consume hydrogen are 

usually contained in the raw material. 	Since the reaction proceeds 

faster as the partial pressure of hydrogen is increased, the molar ratio of 

hydrogen/cumyl alcohol is adjusted to usually 1/1 to 20/1, preferably 

1/1 to 10/1, more preferably 1/1 to 3/1. 	The excessive amount of 

hydrogen remaining after the hydrogenolysis reaction may be recycled 

for use after separation from the reaction liquid. 	The hydrogenolysis 

reaction temperature is usually 0 to 500°C, preferably 50 to 450°C, 

more preferably 150 to 300°C. 	The hydrogenolysis reaction pressure 

is usually 100 to 10000 kPaG preferably 500 to 4000 kPaG, more 

preferably 1000 to 2000 kPaG. 	The hydrogenolysis reaction can be 

favorably performed in a slurry or a fixed bed mode. 	In a large-scale 

industrial operation, it is preferable to use a fixed bed. 	Further, the 

hydrogenolysis reaction may be performed by a reaction mode such as a 

batch process, a semi-continuous process, and a continuous process. 

[0051] The cumene content of the reaction mixture containing cumene 

is usually 90 wt% or more per 100 wt% of the reaction mixture 

containing cumene. 

[0052] 5) Cumene recovery step: 

The cumene recovery step of the present invention is a step of 

obtaining a recovery mixture containing cumene and cymene with a 
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cymene concentration of 100 ppm by weight or more and less than 

10000 ppm by weight (the cymene concentration is calculated based on 

the weight of the recovery mixture containing cumene and cymene 

obtained in the cumene recovery step) by distilling the reaction mixture 

5 containing cumene obtained in the cumene conversion step. 

[0053] The cymene concentration of the recovery mixture containing 

cumene and cymene obtained in the cumene recovery step is 100 ppm 

by weight or more, preferably 110 ppm by weight or more, more 

preferably 120 ppm by weight or more, still more preferably 130 ppm 

10 by weight or more such that the energy required for distillation does not 

increase excessively in the cumene recovery step. 	The cymene 

concentration of the mixture containing cumene and cymene obtained in 

the cumene recovery step is preferably less than 10000 ppm by weight, 

preferably 5000 ppm by weight or less, more preferably 3000 ppm by 

15 weight or less, still more preferably 1000 ppm by weight or less, in 

order to more efficiently produce cumene hydroperoxide in the 

oxidation step and more efficiently produce propylene oxide in the 

epoxidation step. 	The cymene concentration is calculated based on the 

weight of the recovery mixture containing cumene and cymene obtained 

20 in the cumene recovery step. 

[0054] In the cumene recovery step, examples of the method for 

obtaining the recovery mixture containing cumene and cymene with a 

cymene concentration of 100 ppm by weight or more and less than 

10000 ppm by weight include a method for separating at least a part of 

25 cymene in distillation of the reaction mixture containing cumene 

obtained in the cumene conversion step. 	Preferably, examples include 
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a method for removing 0.025 wt% or more of cymene from the reaction 

mixture containing cumene obtained in the cumene conversion step; 

more preferably, examples include a method for removing 0.04 wt% or 

more of cymene from the reaction mixture containing cumene obtained 

5 in the cumene conversion step; and still more preferably, examples 

include a method for removing 0.2 wt% or more of cymene from the 

reaction mixture containing cumene obtained in the cumene conversion 

step. 	The weight ratio of the cymene is calculated based on the weight 

of cymene contained in the reaction mixture containing cumene 

10 obtained in the cumene conversion step. 

[0055] The distillation of the reaction mixture containing cumene 

obtained in the cumene conversion step is usually operated under 

conditions in the following ranges: the number of theoretical stages of 

10 to 100, a pressure of —100 kPaG to 10000 kPaQ and a temperature of 

15 0 to 500°C. 	Preferably, the number of theoretical stages is in the range 

of 10 to 95, the pressure is in the range of —100 kPaG to 5000 kPaQ and 

a temperature is in the range of 0 to 400°C; and more preferably, the 

number of theoretical stages is in the range of 10 to 90, the pressure is in 

the range of —100 kPaG to 3000 kPaQ and a temperature is in the range 

20 of 0 to 300°C. 

Examples 

[0056] The present invention will be described below in more detail 

with reference to Examples. 

25 [0057] The cymene concentration in each of Examples was measured 

by the following method using gas chromatography (GC). 
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[GC measurement conditions] 

GC apparatus: Shimadzu GC2014 

Column: DB-WAX (30 m, 0.25 mm cp, 0.25 gm) 

Column temperature: The temperature is maintained at 50°C for 

5 10 minutes, then raised to 220°C at a rate of 4°C/min, and subsequently 

maintained at 220°C for 48 minutes. 

Vaporization chamber temperature/detector temperature: 

220°C/230°C 

Detector: hydrogen flame ionization detector 

10 Carrier gas: helium 

Pressure: 83.7 kPa 

Total flow rate: 104.0 mL/min 

Column flow rate: 1.00 InL/min 

Purge flow rate: 3.0 mL/min 

15 Linear velocity: 25.4 cm/s 

Injection method/split ratio: split injection/100:1 

Amount injected: 1.0 fiL 

Cymene concentration analysis 

(1) Drawing of calibration curve 

20 [Preparation of solution] 

In a 30-mL glass container, 1 g of p-cymene and 19 g of cumene 

were weighed and well mixed to obtain a sample mother liquid. 

In a 20-mL glass container, 2 g of the sample mother liquid was 

taken and 0.1 g of n-tetradecane was added therein as an internal 

25 standard substance to prepare a standard solution 1. 

In a 20-mL glass container, 1 g of the standard mother liquid and 
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4 g of cumene were taken, and 0.1 g of n-tetradecane was added therein 

to prepare a standard solution 2. 

In a 20-mL glass container, 0.2 g of the standard mother liquid 

and 1.8 g of cumene were taken, and 0.1 g of n-teisadecane was added 

5 therein to prepare a standard solution 3. 

In a 20-mL glass container, 0.02 g of the standard mother liquid 

and 1.98 g of cumene were taken, and 0.1 g of n-tetradecane was added 

therein to prepare a standard solution 4. 

[GC measurement] 

10 The standard solutions 1, 2, 3 and 4 were measured under the 

measurement conditions described in the preceding paragraph so as to 

draw a calibration curve, with the ordinate representing weight ratio 

between the sample weight and the internal standard substance, the 

abscissa representing GC area ratio between the sample and the internal 

15 standard substance, so that the slope f of the calibration curve was 

determined. 

(2) Measurement of cymene concentration 

[Preparation of sample solution] 

In a 20-mL glass container, 2 g of the sample and 0.1 g of 

20 n-tetradecane were weighed. 

[GC measurement] 

Sample solutions were measured under the GC measurement 

conditions described in the preceding paragraph, and the cymene 

concentration of the sample was determined according to the following 

25 equation. 

Ws: weight of sample (g) 
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Wis: weight of n-tetradecane (internal standard substance) (g) 

As: peak area count of cymene 

Ais: peak area count of n-tetradecane (internal standard 

substance) 

5 f: slope of calibration curve of cymene 

(Cymene concentration (%)) = f x(As/Ais) x (Wis/Ws) x 100 

[0058] 

[Example 1] 

10 

According to the method described in the present specification, 

an oxidation step, an epoxidation step, a separation step and a cumene 

conversion step were performed. 

[0059] 

In the oxidation step, a reaction mixture containing cumene 

hydroperoxide was obtained by contacting a mixture containing cumene 

15 and cymene with air so as to cause a reaction between cumene in the 

mixture and oxygen in the air. 	Subsequently, in the epoxidation step, a 

reaction mixture containing propylene oxide and cumyl alcohol was 

obtained by contacting the reaction mixture containing cumene 

hydroperoxide obtained in the oxidation step with propylene in the 

20 presence of a titanium-containing silicon oxide so as to cause a reaction 

between cumene hydroperoxide in the reaction mixture and propylene. 

Subsequently, in the separation step, from the reaction mixture 

containing propylene oxide and cumyl alcohol obtained in the 

epoxidation step, a mixture containing the propylene oxide was 

25 separated to obtain a residual mixture containing the cumyl alcohol. 

Subsequently, in the cumene conversion step, cumyl alcohol in the 
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residual mixture containing the cumyl alcohol obtained in the separation 

step was dehydrated in the presence of a catalyst to obtain a mixture 

containing a-methylstyrene, and subsequently, the mixture containing 

a-methylstyrene was contacted with hydrogen in the presence of a 

5 catalyst to cause a reaction between a-methylstyrene in the mixture and 

hydrogen, so that a reaction mixture containing cumene was obtained. 

As a result, in comparison with the mixture containing cumene and 

cymene used in the oxidation step, the cymene concentration of the 

reaction mixture containing cumene and cymene after the cumene 

10 conversion step was increased by 2 ppm by weight. 

[0060] Subsequently, the cumene recovery step is performed under the 

following conditions. 

Cumene recovery step: a recovery mixture containing cumene 

and cymene is obtained by distilling the reaction mixture containing 

15 cumene and cymene after the cumene conversion step under a condition 

for removing 2 wt% of the cymene contained therein (the weight ratio 

of cymene is calculated based on the weight of cymene contained in the 

reaction mixture containing cumene in the cumene conversion step). 

[0061] The recovery mixture containing cumene and cymene obtained 

20 in the cumene recovery step is used to occupy 99 wt% of the mixture 

containing cumene and cymene for use in the oxidation reaction in the 

oxidation step, and the oxidation step, the epoxidation step, the 

separation step, the cumene conversion step and cumene recovery step 

are performed until the cymene concentration became steady. 	In the 

25 steady state, the cymene concentration of the recovery mixture 

containing cumene and cymene obtained in the cumene recovery step is 

27 



100 ppm by weight relative to the recovery mixture containing cumene 

and cymene. 

[0062] [Example 2] 

According to the method described in the present specification, 

5 the oxidation step, the epoxidation step, the separation step and the 

cumene conversion step were performed. 

In the oxidation step, a reaction mixture containing cumene 

hydroperoxide was obtained by contacting a mixture containing cumene 

and cymene with air so as to cause a reaction between cumene in the 

10 mixture and oxygen in the gas. 	Subsequently, in the epoxidation step, 

a reaction mixture containing propylene oxide and cumyl alcohol was 

obtained by contacting the reaction mixture containing cumene 

hydroperoxide obtained in the oxidation step with propylene in the 

presence of a titanium-containing silicon oxide so as to cause a reaction 

15 between cumene hydroperoxide in the reaction mixture and propylene. 

Subsequently, in the separation step, from the reaction mixture 

containing propylene oxide and cumyl alcohol obtained in the 

epoxidation step, a mixture containing the propylene oxide was 

separated to obtain a residual mixture containing the cumyl alcohol. 

20 Subsequently, in the cumene conversion step, cumyl alcohol in the 

residual mixture containing the cumyl alcohol obtained in the separation 

step was dehydrated in the presence of a catalyst to obtain a mixture 

containing a-methylstyrene, and subsequently, the mixture containing 

a-methylstyrene was contacted with hydrogen in the presence of a 

25 catalyst to cause a reaction between a-methylstyrene in the mixture and 

hydrogen, so that a reaction mixture containing cumene was obtained. 
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As a result, in comparison with the mixture containing cumene and 

cymene used in the oxidation step, the cymene concentration of the 

reaction mixture containing cumene and cymene after the cumene 

conversion step was increased by 2 ppm by weight. 

5 [0063] Subsequently, the cumene recovery step was performed under 

the following conditions. 

Cumene recovery step: a recovery mixture containing cumene 

and cymene was obtained by distilling the reaction mixture containing 

cumene and cymene after the cumene conversion step under a condition 

10 for removing 1 wt% of the cymene contained therein (the weight ratio 

of cymene is calculated based on the weight of cymene contained in the 

reaction mixture containing cumene in the cumene conversion step). 

[0064] The recovery mixture containing cumene and cymene obtained 

in the cumene recovery step was used to occupy 99 wt% of the mixture 

15 containing cumene and cymene for use in the oxidation reaction in the 

oxidation step, and the oxidation step, the epoxidation step, the 

separation step, the cumene conversion step and cumene recovery step 

were performed until the cymene concentration became steady. 	In the 

steady state, the cymene concentration of the recovery mixture 

20 containing cumene and cymene obtained in the cumene recovery step 

was 200 ppm by weight relative to the recovery mixture containing 

cumene and cymene. 

[0065] [Example 3] 

25 

The steps are performed in the same manner as in Example 1, 

except that the reaction mixture containing cumene and cymene after 

the cumene conversion step is distilled under a condition for removing 
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0.2 wt% of cymene contained therein. 	In a steady state, the cymene 

concentration of the recovery mixture containing cumene and cymene 

obtained in the recovery step is 1000 ppm by weight relative to the 

recovery mixture containing cumene and cymene. 

5 [0066] [Example 4] 

The steps are performed in the same manner as in Example 1, 

except that the reaction mixture containing cumene and cymene after 

the cumene conversion step is distilled under a condition for removing 

0.04 wt% of cymene contained therein. 	In a steady state, the cymene 

10 concentration of the recovery mixture containing cumene and cymene 

obtained in the cumene recovery step is 5000 ppm by weight relative to 

the recovery mixture containing cumene and cymene. 

[0067] [Comparative Example 1] 

15 

The steps are performed in the same manner as in Example 1, 

except that the reaction mixture containing cumene and cymene after 

the cumene conversion step is distilled under a condition for removing 

0.02 wt% of cymene contained therein. 	In a steady state, the cymene 

concentration of the recovery mixture containing cumene and cymene 

obtained in the cumene recovery step is 10000 ppm by weight relative 

20 to the recovery mixture containing cumene and cymene. 

[0068] [Example 5] 

<Oxidation step> 

An oxidation reaction was performed under the following 

conditions. 

25 [0069] The recovery mixture containing cumene and cymene obtained 

in Example 2 and cumene were mixed to prepare a mixture A. 	The 
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cymene concentration calculated based on the weight of the mixture A 

was 100 ppm by weight. 

Using a continuous flow reaction apparatus having a 1-L glass 

autoclave as reactor, the following experiment was performed. 	Into 

5 the reactor containing 513 g of the mixture A and 12 g of a sodium 

carbonate aqueous solution adjusted at a pH of 9, the mixture A was fed 

at a rate of 126 g/hour, the sodium carbonate aqueous solution adjusted 

at a pH of 9 was fed at a rate of 5.3 g/hour, and air was fed at a rate of 

270 NmL/min, and a continuous flow reaction was performed at a 

10 pressure of 0.6 MPaG such that the amount of the liquid in the reactor 

was maintained at a constant level while withdrawing the liquid and the 

gas, so that a reaction mixture containing cumene hydroperoxide was 

obtained. 	When the reaction achieved a steady state, the reaction 

temperature was 112.5°C, and the cumene hydroperoxide concentration 

15 of the reaction mixture containing cumene hydroperoxide was 16.1 wt% 

relative to the reaction mixture containing cumene hydroperoxide. 

[0070] <Epoxidation step> 

Subsequently, an epoxidation reaction was performed under the 

following conditions. 

20 [0071] A reaction between 60 g of the reaction mixture containing 

cumene hydroperoxide obtained in the oxidation step and 33 g of 

propylene was performed in the presence of 0.5 g of a 

titanium-containing silicon oxide catalyst manufactured by the method 

described in Japanese Patent No. 3797107 under conditions at 100°C 

25 and 1.8 MPaG for 1.5 hours, so that a reaction mixture containing 

propylene oxide and cumyl alcohol was obtained. 	The conversion 
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ratio of cumene hydroperoxide was 94%. 

[Example 6] 

<Oxidation step> 

An oxidation reaction was performed under the following 

5 conditions. 

[0072] The recovery mixture containing cumene and cymene obtained 

in Example 2 and cymene were mixed to prepare a mixture B, so as to 

have a cymene concentration of 1000 ppm by weight calculated based 

on the weight of the mixture to be obtained. 

10 An oxidation reaction was performed in the same manner as in 

Example 5, except that the mixture A was replaced with the mixture B, 

and the reaction temperature was adjusted such that a cumene 

hydroperoxide concentration of the reaction mixture is on the same level 

with the concentration in Example 5 when the reaction was in a steady 

15 state. 	As a result, the reaction temperature was 114.5°C, and the 

cumene hydroperoxide concentration of the reaction mixture containing 

cumene hydroperoxide was 15.3 wt% relative to the reaction mixture 

containing cumene hydroperoxide. 

[0073] <Epoxidation step> 

20 Subsequently, an epoxidation reaction was performed under the 

following conditions. 

[0074] The epoxidation reaction was performed in the same manner as 

in Example 5, except that the above reaction mixture containing cumene 

hydroperoxide obtained in the oxidation step was used. 	As a result, the 

25 conversion ratio of cumene hydroperoxide was 92%. 

[0075] [Example 7] 
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<Oxidation step> 

The recovery mixture containing cumene and cymene obtained 

in Example 2 and cymene were mixed to have a cymene concentration 

of 5000 ppm by weight calculated based on the weight of the mixture to 

5 be obtained, so that a mixture C was prepared. 

An oxidation reaction was performed in the same manner as in 

Example 5, except that the mixture A was replaced with the mixture C, 

and the reaction temperature was adjusted such that a cumene 

hydroperoxide concentration of the reaction mixture is on the same level 

10 with the concentration in Example 5 when the reaction was in a steady 

state. 	As a result, the reaction temperature was 116°C, and the cumene 

hydroperoxide concentration of the reaction mixture containing cumene 

hydroperoxide was 15.7 wt% relative to the reaction mixture containing 

cumene hydroperoxide. 

15 [0076] <Epoxidation step> 

Subsequently, an epoxidation reaction was performed in the 

same manner as in Example 5, except that the above reaction mixture 

containing cumene hydroperoxide obtained in the oxidation step was 

used. 	As a result, the conversion ratio of cumene hydroperoxide was 

20 91%. 

[0077] [Comparative Example 2] 

<Oxidation step> 

The recovery mixture containing cumene and cymene obtained 

in Example 2 and cymene were mixed to prepare a mixture D, so as to 

25 have a cymene concentration of 10000 ppm by weight calculated based 

on the weight of the mixture to be obtained. 
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An oxidation reaction was performed in the same manner as in 

Example 5, except that the mixture A was replaced with the mixture D, 

and the reaction temperature was adjusted such that a cumene 

hydroperoxide concentration of the reaction mixture is a same level with 

5 the concentration in Example 5 when the reaction was in a steady state. 

As a result, the reaction temperature was 116.3°C, and the cumene 

hydroperoxide concentration of the reaction mixture containing cumene 

hydroperoxide was 15.5 wt% relative to the reaction mixture containing 

cumene hydroperoxide. 

10 [0078] <Epoxidation step> 

Subsequently, the epoxidation reaction was performed in the 

same manner as in Example 5, except that the above reaction mixture 

containing cumene hydroperoxide obtained in the oxidation step was 

used. 	As a result, the conversion ratio of cumene hydroperoxide was 

15 87%. 

[0079] Example 5, Example 6, Example 7, and Comparative Example 2 

shows the oxidation reaction temperature in the oxidation step when the 

cymene concentration of the mixture containing cumene and cymene is 

different from each other and the cumene hydroperoxide concentration 

20 of the reaction mixture is adjusted to be a same level to each other in a 

state in which the reaction has become steady. 	From the results in 

Example 5, Example 6, Example 7, and Comparative Example 2, it is 

found that the reaction temperature can be lowered to obtain cumene 

hydroperoxide with an equivalent concentration for an equivalent 

25 residence time in Examples, with a faster rate of the oxidation reaction. 

[0080] As described above, the present invention provides a method for 
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producing propylene oxide by recycling of cumene for use as a raw 

material, the method having excellent features that allows propylene 

oxide to be more efficiently produced with an improved oxidation 

reaction rate in an oxidation step and an improved conversion ratio of 

5 cumene hydroperoxide in an epoxidation step. 

Industrial Applicability 

[0081] The present invention can be used in industrial production of 

propylene oxide. 
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CLAIMS 

[Claim 1] 

A method for producing propylene oxide, the method 

comprising the following steps 1) to 5): 

1) oxidation step: a step of obtaining a reaction mixture5 

containing cumene hydroperoxide by contacting a mixture containing 

cumene and cymene with an oxygen-containing gas to cause a reaction 

between cumene in the mixture and oxygen in the gas, cymene 

concentration in the mixture containing cumen and cymen being 100 

ppm by weight or more and 5000 ppm by weight or less; 10 

2) epoxidation step: a step of obtaining a reaction mixture

containing propylene oxide and cumyl alcohol by contacting the 

reaction mixture containing cumene hydroperoxide obtained in the 

oxidation step with propylene in the presence of a catalyst to cause a 

reaction between cumene hydroperoxide in the reaction mixture and 15 

propylene; 

3) separation step: a step of obtaining a residual mixture

containing cumyl alcohol by separating a mixture containing propylene 

oxide from the reaction mixture containing propylene oxide and cumyl 

alcohol obtained in the epoxidation step; 20 

4) cumene conversion step: a step of obtaining a reaction

mixture containing cumene by converting cumyl alcohol in the residual 

mixture containing cumyl alcohol obtained in the separation step into 

cumene; and 

5) cumene recovery step: a step of obtaining a recovery mixture25 

containing cumene and cymene with a cymene concentration of 100 
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ppm by weight or more and 5000 ppm by weight or less (the cymene 

concentration is calculated based on the weight of the recovery mixture 

containing cumene and cymene obtained in the cumene recovery step) 

by distilling the reaction mixture containing cumene obtained in the 

cumene conversion step; wherein, 5 

 at least a part of the mixture containing cumene and cymene in 

the oxidation step is the recovery mixture containing cumene and 

cymene obtained in the cumene recovery step. 

[Claim 2] 

 The method for producing propylene oxide according to claim 1, 10 

wherein the cumene conversion step is a step of obtaining a reaction 

mixture containing cumene by dehydrating cumyl alcohol in the 

residual mixture containing cumyl alcohol obtained in the separation 

step in the presence of a catalyst to obtain a mixture containing 

-methylstyrene, and then contacting the mixture containing 15 

-methylstyrene with hydrogen in the presence of a catalyst to cause a 

reaction between -methylstyrene in the mixture and hydrogen. 

[Claim 3] 

 The method for producing propylene oxide according to claim 1, 

wherein the cumene conversion step is a step of obtaining a reaction 20 

mixture containing cumene by contacting the residual mixture 

containing cumyl alcohol obtained in the separation step with hydrogen 

in the presence of a catalyst to cause a reaction between cumyl alcohol 

in the residual mixture and hydrogen. 

[Claim 4] 25 

 The method for producing propylene oxide according to any one 
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of claims 1 to 3, wherein the distillation in the cumene recovery step is 

performed under a condition for removing 0.025 wt% or more of 

cymene contained in the reaction mixture containing cumene obtained 

in the cumene conversion step (the weight ratio of cymene is calculated 

based on the weight of cymene contained in the reaction mixture 5 

containing cumene obtained in the cumene conversion step). 

[Claim 5] 

 The method for producing propylene oxide according to any one 

of claims 1 to 4, wherein the cymene concentration of the reaction 

mixture containing cumene hydroperoxide in the epoxidation step is 100 10 

ppm by weight or more and 5000 ppm by weight or less (the cymene 

concentration is calculated based on the weight of the reaction mixture 

containing cumene hydroperoxide). 

[Claim 6] 

 The method for producing propylene oxide according to any one 15 

of claims 1 to 5, wherein the catalyst in the epoxidation step is a solid 

catalyst. 

[Claim 7] 

 The method for producing propylene oxide according to any one 

of claims 1 to 6, wherein the catalyst in the epoxidation step comprises a 20 

titanium-containing silicon oxide. 

[Claim 8] 

 The method for producing propylene oxide according to any one 

of claims 1 to 7, further comprising the following step: 

 propylene oxide purification step: a step of obtaining purified 25 

propylene oxide by distilling the mixture containing propylene oxide 
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separated in the separation step. 
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