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TITANIUM-CONTAINING SILICON OXIDE CATALYST 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a titanium-containing 

silicon oxid~ catalyst, a method for producing the same, and 

a method for producing p~opylene oxide. More particularly, 

the present invention relates to a titanium-containing 

silicon oxide catalyst which can produce propylene oxide by 

reacting propylene with a hydroperoxide, except for 

ethylbenzene hydroperoxide, in high yield and high 

selectivity,·a method for producing said catalyst, and a 

method for producing propylene oxide. 

Description of the Related Art 

It is known that a titanium-containing silicon oxide 

can be produced by using a quarternary ammonium ion as a 

template. As a titanium-containing silicon oxide having an_ 

average pore size of 10A or more, Ti-MCM41 disclosed in us 

5783167, Ti-MCM48 disclosed in JP 07300312 A and the like 

are known. These known titanium-containing silicon oxides 

having large pores of lOA or more are obtained by removing 

the template by calcining. When these titanium-containing 
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silicon oxides are used as a catalyst in an epoxidation 

reaction, catalytic activity is not in the satisfactory 

level. A catalyst having higher activity has been desired. 

SUMMARY OF THE INVENTION 

Under these circumstances, the present inventors have 

intensively ~tudied for a catalyst having a high catalytic 

activity in an epoxidation reaction, and have found that a 

catalyst obtained by removing a template via extracting in 

a solvent has a high catalytic activity in an epoxidation 

reaction. The present inventors thus completed the present 

invention. 

An object of the present invention is to provide a 

titanium-containing silicon oxide catalyst which can 

produce propylen~ oxide by.reacting propylene with a 

hydroperoxide, except for ethylbenzene hydroperoxide, a 

method for producing said catalyst, and a method for 

producing propylene oxide in high yield and high 

selectivity. 

Namely, the present invention relates to a 

titanium-containing silicon oxide catalyst satisfying all 

of the following conditions (1) to (4): 

( 1) : An average pore size of 1 O A or more. 

( 2): A pore size of 90% or more of the total pore volume 
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of 5 to 200A. 

( 3) : A specific pore volume of O. 2 cm3 I g or more. 

(4): A quarternary ammonium ion represented by the 

following general formula (I) is used as a template and then 

said template is removed by solvent extraction operation; 

(I} 

(wherein, R1 .rep~esents a linear or branched hydrocarbon 

chain having 2 to 36 carbon atoms, and R2 to R4 represent 

an alkyl group having 1 to 6 carbon atoms). 

The present invention also relates to a method for 

producing said catalyst, wherein said method comprises the 

following steps of; 

mixing and stirring a silica source, titanium source 

and a quarternary ammonium .iou as a template in a solvent 

to obtain a solid containing a catalyst component and the 

template, and 

extracting the obtained solid in a solvent to obtain 

a catalyst by removing the template. 

The present invention further relates to a method for 

producing propylene oxide by reacting propylene with a 

hydroperoxide, except for ethylbenzene hydroperoxide. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The catalyst used in the present i~vention is a catalyst 

comprising a titanium-containing silicon oxide satisfying 

all of the following conditions ( 1} to ( 4}. The object of 

the present invention can be fully accomplished by using 

said catalysi;. The main object of the present invention is 

to produce propylene oxide by reacting propylene with a 

hydroperoxide, except for ethylbenzene hydroperoxide, in 

high yield and high selectivity. 
I 

The condition ( 1) is that an average pore size of the 

catalyst is lOA or more. 

The condition (2) is that a pore size of 90% or more 

of the total pore volume of the catalyst is 5 to 2·00A. 

The condition ( 3) is that a specific pore volume of t1:1e 

catalyst is 0.2 cm3/g.ormore. The specific pore volume means 

pore volume per 1 g of the catalyst. 

Measurements of these conditions (1) to (3} can be 

conducted by known methods such as a physical absorption 

method using gases such as nitrogen, argon and the like. 

The condition (4) is that the catalyst is obtained by 

using a quarternary ammonium ion represented by the 

following general formula (I) as a template and then removing 

said template by a solvent extraction operation; 
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(I) 

(wherein, R1 repr~sents a linear or branched hydrocarbon 

chain having 2 to 36 carbon atoms, and R2 to R4 represent 

an alkyl group having 1 to 6 carbon atoms). 

The condition ( 4) will be illustrated in detail herein with 

regard to a method for producing said catalyst. 

A catalyst of the present invention preferably has at 

least one peak showing an interplanar spacing (d} of larger 

than 18.A., or no peak showing an interplanar spacing (d) in 

a X-ray diffraction (XRD). The peak showing an interplanar 

spacing ( d) as herein referred to means a peak derived from 

the crystallinity and regularity of a solid, and a broad peak 

derived from an amorphous part may exist. When, a peak 

showing an interplanar spacing ( d) of larger than 18 A exists 

in a X-ray diffraction, it is preferable that this peak ~s 

a part of a peak group showing the structure of a hexagonal 

system. 

The catalyst of the present invention preferably has 

an absorption peak in the range of 960 + 5 cm·1 in the infrared 

absorption spectrum. This peak is considered to correspond 

to titanium introduced into a silica skeleton. 

The catalyst of the present invention can be produced 
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by the following method comprising the following steps. 

The first step: A step in which a silica source, 

titanium source and a quarternary ammonium ion as a template 

are mixing and stirring in a solvent to obtain a solid 

containing a cataiyst component and the template. 

The second step: A step in which a catalyst is obtained 

by extracting the obtained solid in a sol vent to remove the 

template. 

The first step is a step which a silica source, a 

titanium source and a quarternary ammonium ion as a template 

are mixing and stirring in a solvent to obtain a solid 

containing a catalyst component and the template. When a 

reagent to be used is solid, it may be used by dissolving 

in a solvent, or dispersing in a solvent. 

Examples of the silica source include amorphous silica 

and alkoxysilane such as tetramethyl orthosilicate, 

tetraethylorthosilicate,tetrapropylorthosilicateandthe 

like. 

Examples of the titanium source include titanium 

alkoxides such as tetramethyl titanate, tetraethyl 

titanate, tetrapropyl titanate, tetraisopropyl titanate, 
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tetrabutyl titanate, tetraisobutyl titanate, tetra-2-

ethylhexyl titanate, tetraoctadecyl titanate, and titanium 

(IV) oxyacetylacetonate, titanium {IV) 

diisopropoxybisacetyl acetonate and the like, and titanium 

halides such as titanium tetrachloride, titanium 

tetrabromide, titanium tetraiodide and the like. 

As a template, a quarternary ammonium ion represented 

by the following general formula (I) is used. 

{I) 

(wherein, R1 represents a linear or branched hydrocarbon 

chain having 2 to 36 carbon atoms, and R2 to R4 represent 

an alkyl group having 1 to 6 carbon atoms). 

R1 represents a linear or branched hydrocarbon chain 

having 2 to 36 carbon atoms, preferably 10 to 18 carbon atoms. 

R2 to R4 represent an alkyl group having 1 to 6 carbon 

atoms, and preferably each of R2 to R4 is a methyl group. 

Specific examples of the quarternary anunonium ion 

represented by the general formula (I) include cations such _ 

as hexadecyltrimethylammonium, dodecyltrimethylanunonium, 

benzyltrimethylanunonium, dimethyldidodecylammonium, 

hexadecylpyridinium, and the like. 

Examples of the solvent include water and alcohol such 
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as methanol, ethanol, n-propanol, 2-propanol, n-butanol, 

sec-butanol, t-butanol, vinyl alcohol, ally! alcohol, 

cyclohexanol, benzyl alcohol and the like, and diols, or a 

mixture thereof, and the like. 

A suitable mixing ratio of a solvent to silica source 

varies accorc:Ung to a kind of silica source to be used. When 

usingalkoxysilaneanddilutingitbyusinganalcoholhaving 

the same or similar property as an alkoxide ligand, a catalyst 

having no peak showing an interplanar spacing (d) in X-ray 

diffraction can.be obtained. 

The amount used of the titanium source based on the 

silica source is preferably from 1 o-s to 1, more preferably 

from O. 00008 to O .4 in terms of molar ratio. The amount used 

of the quarternary anunonium ion based on the total amount 

of silica source and titanium source is preferably from 10-2 

to 2 in terms of molar ratio. 

For promoting the reaction of the silica source and the 

titanium source, it is preferable to impart alkalinity or 

acidity to the mixed solution. As the alkali source, 

quarternary anunonium hydroxides are preferable, and 

examples thereof include tetramethylanunonium hydroxide, 
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tetraethylanunonium hydroxide, tetrapropylammonium 

hydroxide and the like. Examples of the acid include 

inorganic acids such as hydrochloric acid, sulfuric acid, 

nitric acid and the like, and organic acids such as formic 

acid, acetic acid, propionic acid and the like. 

The mixi,ng and stirring temperature is usually from ~3 O 

to l00°C. Solid is formed by mixing and stirring, and the 

. solid may be aged for further growth thereof. The aging time 

is usually 180 hours or less, and the aging temperature is 

usually from Oto 200°C. When heating is required in agin9, 

it is preferable that the mixture is transferred into a 

pressure vessel and heating is conducted in a closed pr.essure 

vessel for avoiding vaporization of the solvent. 

The second step is a step in which a catalyst is obtained 

by extracting the obtained solid in a sol vent to remove the 

template. 

A technique extracting a template in a solvent is 

reported by Whitehurst et al. (see USP 5143879) 

A solvent used in extraction may include a solvent which 

can dissolve a compound used as the template. Oxa and/or 

qxo substituted hydrocarbons having carbon atoms of 1 to 

about 12 in the liquid state at room teinperat~re are usually 
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used as a solvent. Suitable examples of such solvents 

include alcohols, ketones, (acyclic and cyclic) ethers, 

esters. 

Examples thereof include a hydrocarbon substituted by 

hydroxyl group such as methanol, ethanol, ethylene glycol, 

propylene glycol,· isopropanol, n-butanol or octanol, a 

hydrocarbon ~ubstituted by oxo group such as acetone, 

diethyl ketone, methyl ethyl ketone or methyl isobutyl 

ketone, an ether of a hydrocarbon such as diisobutyl ether 

or tetrahydrofuran, an ester of a hydrocarbon such as methyl 

acetate, ethyl acetate, butyl acetate or butyl propionate, 

and the like. 

The weight ratio of the solvent to the catalyst is 

usually from 1 to 1000, preferably from.10 to 300. 

For improving efficiency of the extraction, acids or 

salts thereof may be added to these solvents. 

Examples of acids used include inorganic acids such as 

hydrochloric acid, sulfuric acid, nitric acid, bromic acid 

and the like, organic acids such as formic acid, acetic acid, 

propionic acid and the like. Examples of salts thereof 

include alkali metal salt, alkaline earth metal salt, 

ammonium salt and the like. 
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The concentration of acids or salts thereof to be added 

is preferably 10 mol/1 or less, further preferably 1 mol/l 

or less. When the concentration of acids or salts thereof 

to be added is too high, catalytic activity may be lowered 

by eluting titanium in the catalyst. 

A catalyst having no peak showing an interplanar 

spacing {d) in X-ray diffraction can be obtained, when the 
. 

weight ratio of water in a solvent to a catalyst is 0.8 or 

more. The weight ratio is varied depending on a extraction 

temperature or acid content. 

After fully mixing a catalyst with a solvent, a liquid 

portion is separated by filtration, decantation and the like. 

This operation is repeated required times. The catalyst 

can be obtained by extracting the catalyst layer with a 

solvent for washing. The termination of washing can be known 

by analyzing the liquid portion. The extraction temperature 

is preferably O to 200°C, further preferably 20 to 100°C. 

Instead of using the above-mentioned solvent, 

extraction c~n be conducted by using a super critical fluid. 

As a super critical fluid, carbon dioxide is preferable. The 

critical temperature of carbon dioxide is about 31°C or more. 

Therefore, the extraction temperature is preferably 31 to 

100°C, further preferably 35 to 60°C. The critical pressure 
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of carbon dioxide is about 7 .4 MPa, so the extraction pressure 

is preferably 10 to 30 MPa. The amount of super critical 

carbon dioxide used for extraction is preferably 50 to 500 

g/min. per 1 liter of catalyst. The extraction time is 

preferably 4 to 20 hours. 

The resulted solid after extraction may be dried. 

Drying is conducted preferably at a temperature of 10 to 800°C I 

further preferably 50 to. 300°C under an atmosphere of 

no.n-reducing gas such as n~trogen, argon, carbon dioxide, 

or oxygen-containing gas such as air. 

In order to obtain a catalyst of the present invention, 

it is preferable that the following third step is conducted 

following the above-mentioned first and second steps. 

The third step: A step in which a silylation treat~d 

catalyst is obtained by a silylation treatment of the 

catalyst obtained in the second step. The silylation 

treatment is usually conducted by contacting the catalyst 

obtained in the second step with a silylation agent, and 

converting a hydroxyl group existing on the surface of the 

catalyst into a silyl group. 

Examples of the silylation agent include an organic 

silane, organic silylamine, organic silylamide and 
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derivatives thereof, and organic silazane and other 

silylation agents. 

Examples ot the organic silane include 

chrolotrimethylsilane, dichlorodimethylsilane, 
. . 

chlorobromodimethylsilane, nitrotrimethylsilane, 

chlorotriethylsilane, iododimethylbutylsilane, 

chlorodimethylphenylsilane, dichlorodimethylsilane, 

dimethyl-n-propylchlorosilane, 

dimethylisopropylchlorosilane, t­

butyldimethylchlorosilane, tripropylchlorosilane, 

dimethyloctylchlorosilane, tributylchlorosilane, 

trihexylchlorosilane, dimetylethylchlorosilane, 

dimethyloctadecylchlorosilane, n-

·butyldimethylchlorosilane, 

bromomethyldimethylchlorosilane, 

chloromethyldimethylchlorosilane, 3-

chloropropyldimet~ylchlorosilane, 

dimethoxymethylchlorosilane, dimethylphenylchlorosilane, -

triethoxychlorosilane, dimethylphenylchlorosilane, 

methylphenylvinylchlorosilane, 

benzyldimethylchlorosilane, diphenyldichlorosilane, 

diphenylmethylchlorosilane, diphenylvinylchlorosilane, 

tribenzylchlorosilane, 3-
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cyanopropyldimethylchlorosilane. 

Examples· of the organic silylamine include N­

trimetnylsilylimidazole,N-t-butyldimethylsilylimidazole, 

N-dimethylethylsilylimidazole, N-dimethyl-n­

propylsilylimidazole, N-dimethylisopropylsilylimidazole, 

N-trimethyls~lyldimethylamine, N­

trimethylsilyldiethylamine, N-trimethylsilylpyrrole, N­

trimethylsilylpyrrolidine, N-trimethylsilylpiperidine, 

1-cyanoethyl(diethylamino)dimethylsilane, 

pentafluorophenyldimethylsilylamine. 

Examples of the organic silylamide and derivatives 

include N,O-bistrimethylsilylacetamide, N,O­

bistrimethylsilyltrifluoroacetamide, N­

trimethylsilylacetamide, N-methyl-N­

trimethylsilylace~amide, N-metyl-N­

trimethylsilyltrifluoroacetamide, N-methyl-N­

trimethylsilylheptafluorobutylamide, N-(t­

_butyldimethylsilyl )-N-trifluoroacetamide, N,O-

bis(diethylhydrosilyl)trifluoroacetamide. 

Examples of the organic silazane include 

hexamethyldisilazane, heptamethyldisilazane, 1,1,3,3-



- 15 -

tetramethyldisilazane, 1,3-

bis(chloromethyl)tetramethyldisilazane, 1,3-divinyl-

1 , 1, 3 , 3-teteramethyldis ilazane,. 1, 3-

diphenyl tetramethyldis il azane. 

Examples of the other silylation agent include N­

methoxy-N, O-pistrimethyls ilyl tr if luoroacetamide, N­

methoxy-N,O-bistrimethylsilyl carbamate, N,O­

bistrimethylsilyl sulfamate, 

trimethylsilyltrifluoromethane sulfonate, N,N'­

bistrimethylsilylurea. The preferable silylation agent is 

hexamethyldisilazane. 

As a catalyst thus obtained has a large surf ace area 

and a highly dispersed titanium active point, the cataly~t 

can be used for a selective oxidation reaction, for example, 

an epoxidation reaction of an olefin, and various kinds of 

oxidation reactions. An acidic point of the catalyst can 

strengthen by adding the third compon~nt.such as alumina and _ 

the like accordinq to necessity. The strengthened catalyst 

can be used for an alkylation reaction and a catalytic 

modified reaction and the like. 

A catalyst of the present invention is suitably used 
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for the production of propylene oxide by reacting propylene 

with a hydroperoxide, except for ethylbenzene 

hydroperoxide ·• 

Examples of a hydroperoxide, except for ethylbenzene 

hydroperoxide, include organic hydroperoxides and hydrogen 

peroxide. 

Organic.hydroperoxides are represented by the 

following general formula; 

R-0-0-H 

(R represents a hydrocarbon group having one valence). 

An organic hydroperoxide is reacted with olefin type 

compound to produc~ an oxirane compound and a compound, R-OH. 

Group "R" is pref er ably a group having carbon atoms of 3 to 

2 0, more pref er ably a hydrocarbon group having carbon atoms 

of 3 to 10, a secondary alkyl group, tertiary alkyl group, 

secondary aralkyl group, or tertiary aralkyl group. Among 

them, a tertiary alkyl group, secondary aralkyl group, and 

tertiary aralkyl group are most preferable, and concrete 

examples the~eof include a tertiary butyl group, tertiary 

pentyl group, cyclopentyl group, 2-phenylpropyl-2 group, 

and various tetralinyl groups produced by abstracting 

hydr.ogen atoms from a tetralin molecule. 

When using cumene hydroperoxide as an organic 
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hydro.peroxide, the resulting .hydroxyl compound is 2-

phenyl-2-propanol. This can be converted to a-methyl 

styrene by dehydration reaction. a-methyl styrene is a 

industrially useful substance. 

When using tertiary pentylhydroperoxide as an organic 

hydroperoxide, the resulting tertiary amylene by 

dehydration +eaction of tertiary pentyl alcohol is a useful 

substance as a precursor of isoprene. Tertiary pentyl 

alcohol is a useful substance as a precursor of methyl 

tertiary pentyl ether which is an octane booster. 

Tertiary butyl alcohol obtained by using tertiary butyl 

hydroperoxide as an organic hydroperoxide is a useful 

substance as a precursor of methyl tertiary butyl ether which 

is an octane booster. 

Hydrogen peroxide is a compound represented by the 

chemical formula HOOH, and can be obtained usually in the 

form of an aqueous solution. It reacts with an olefin type 

compound to form an oxirane compound and water. 

The organic hydroperoxide and hydroge·n peroxide, which 

are used as a raw material, may be a thin or dense purified 

or non-purified substance. 

The epoxidation reaction can be conducted by contacting 

propylene and an organic hydroperoxide, except for 
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ethylbenzene hydroperoxide, with a catalyst. The 

epoxidation reaction may also be carried out in a liquid phase 

by using a solvent and/or a diluent. This solvent and 

diluent are preferably a substance which are liquid under 

the pressure and temperature when the reaction is conducted, 

and substantially inactive against the reactants and product. 

The sol vent mj9.y be a substance existing in the hydroperoxide 

solution. For example, when cumene hydroperoxide comprises 

a mixture of cumene hydroperoxide and cumene, which is a raw 

material thereof, said cumene hydroperoxide can be used as 

a substitute for the solvent without specifically adding a 

solvent~ 

The reaction temperature of epoxidation is usually from 

o to 200°C, preferably from 25 to 200°C. The reaction 

pressure is preferably from 100 to 10000 kPa; 

A liquid mixture containing desired product is easily 

separated· from a catalyst composition after the termination 

of epoxidation reaction. Then the liquid mixture is 

purified by a suitable method to obtain desired propylene 

oxide. Purification includes fractional distillation, 

fractional extraction, filtration, washing and the like. 

The solvent, the catalyst, non-reacted propylene and 
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non-reacted hydroperoxide can be used again by recycling. 

The method of the present invention can be advantageously 

carried out by using a catalyst in the form of a slurry or 

a fixed bed. In the case of a large scale of industrial 

operation, it is preferable to use a catalyst in the form 

of a fixed bed. The method of the present invention can be 

carried out by a batchwise method, semi-continuous method 

or continuous method. When a solution containing a reactant 

is introduced through a fixed bed, a liquid mixture obtained 

from a reaction solution does not c·ontain catalyst at all 

or contains substantially no catalyst. 

Propylene oxide can be converted to an industrially 

useful produc:;:t by a polymerization reaction or 

copolymerization reaction. 

As described above, there are provided herein a 

titanium-containing silicon oxide catalyst that can produce 

propylene oxide by reacting propylene with a hydroperoxide, 

except for ethylbenzene hydroperoxide, in high yield and_ 

high selectivity, a method for producing said catalyst, and 

a method for producing propylene oxide. 

EXAMPLE 

The present invention will be described by way of 
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examples, which should not be construed as limiting the scope 

of the invention. 

Example 1 

Preparation of a catalyst 

With 175 g of water was mixed 28 g of 

·cetyltrimethylammonium bromide and 48 g of 25 wt% aqueous 

tetramethylammonium hydr_oxide solution, and to this mixture 

was added a mixture of 7 7 g of tetramethyl orthosilicate and 

6. 3 g of 75 wt% titanium (IV_) diisopropoxy 

bisacetylacetonate at room temperature. The mixture was 

allowed to continue to stir for 3 hours, then, the resulting 

precipitate was filtered off and washed with water. The 

washing was conducted until the washing solution became 

neutral. The filtered precipitate was put into a flask and 

stirred to mix with 500 ml of a mixed solution of hydrochloric 

acid/ethanol (hydrochloric acid (0.1 mol/l)). The solution 

·was heating at 60°C for one hour with stirring, and cooling 

to 40°C or less for 5 hour, then filtered to remove solvent. 

The same procedure was repeated once more. Finally, the 

filtered white solid was transferred to a tubular furnace, 

heated at 1S0°C for 5 hours under nitrogen flow. This 

substance {S g), hexamethyldisilazane (3.4 g) and toluene 

(SO g) were mixed, .and the mixture was heated for 1 hour under 
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reflux with stirring. Liquid was removed ·by !iltration from 

the mixture. It was washed with toluene ( 100 g), and dried 

under reduced.pressure (120°C, 10 mmHg, 3 hours) to obtain 

a catalyst. Thus obtained catalyst had a specific surface 

area of 936 m2 /g, an average pore size of 30A and a pore volume 

of 0.7 cc/g, and a pore size distribution range of from 5 

A to so A. 

Synthesis of propylene oxide (PO) 

Thus obtained catalyst was evaluated by a batch 

reaction of 41% cumene hydroperoxide (CHPO) with propylene. 

The obtained catalyst ( O. 7 5 g) , propylene ( 13 g) and cumene 

hydroperoxide (17 g) were charged in an autoclave made of 

stainless steel, and they were reacted at 80°C for 90 minutes. 

The reaction results are shown in Table 1. 

Comparative Example 1 

Preparation of titanium supported catalyst 

Acetylacetone (3.2 g) was slowly added dropwise to a 

solution of tetraisopropyl titanate ( 4. 4 g) in isopropanol 

(20 ml) with stirring under nitrogen flow, then, the mixture 

was stirred at room temperature for 3 O minutes. To a mixture 

of a commercially available silica gel ( 1.0 to 20 mesh, surface 

area 326 m2 /g, average pore diameter lOOA) (50 g) and 
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isopropanol ( 230 ml) were added the above_.described solution 

dropwise, then, the mixture was stirred at room temperature 

for 1 hour, and filtered. The solid portion was washed with 

isopropanol three times (total 250 ml). The solid portion 

was dried at 150°C for 2 hours under air atmosphere. The 

solid portion was further calcined at 600°C for 4 hours under 

air atmosphere. This substance (10 g), 

hexamethyldisilazane (4 g) and toluene (50 g) were mixed and 

stirred, and heated for 1 hour under reflux. Liquid was 

removed from the mixture by filtration. It was washed with 

toluene (100 g) and dried under reduced pressure (120°C, 10 

mmHg, 3 hours) to obtain a catalyst. Thus obtained catalyst 

had a specific surface area of 244 m2 /g, an average pore size 

of 148A and a pore volume of 0.9 cc/g, and a pore size 

dist~ibution range of from 5.A to so A. 

The reaction was evaluated in the same manner as in 

Example 1. The results of the Epoxidation reaction are shown 

in Table 1. 
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Table 1 

Example 1 Comparative 
example 1 

catel:ist :gro:gertj.es 

Averag~ pore size A 30 148 

Pore distribution range A 5*1-80 5* 1-200 

Specific pore volume cm3 /g 0.7 0.9 

Use of template Yes No 

X-ray diffraction 

Peak showing interplanar 

spacing d>18A Yes No 

Reaction resylts 

CHPO conversion % 81. 3 54.7 

PO selectivity % 88.9 85.8 

*l : The minimum value of pore size distribution is the limit 

of measurement according to the nitrogen absorption method 

utilized. 
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What is claimed is: 

1. A titanium-containing silicon oxide catalyst 

satisfying all of the following conditions (1) to (4): 

( 1): an average pore size of lOA or more, 

(2): a pore size of 90% or more of the total pore volume 

of 5 to 200A, 

( 3): a specific pore volume of O. 2 cm3 /g or more, and 

(4): a quarternary ammonium ion represented by the 

following general formula (I) is used as a template and then 

said template is removed by solvent extraction operation; 

( I ) 

wherein, R1 represents a linear or branched hydrocarbon chain 

having 2 to 36 carbon atoms, and R2 to'R4 represent an alkyl 

group having 1 to 6 carbon atoms. 

2. The catalyst according to claim 1, wherein the 

catalyst h_as at least one peak showing an interplanar spacing 

(d) of larger.than 18A in a X-ray diffraction. 

3 . The catalyst according to claim 2 , wherein the peak 

in the X-ray diffraction is a part of the peak group showing 

a hexagonal system~ 

4. The catalyst according to claim 1, wherein the 
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catalyst has no.peak showing an interplanar spacing (d) in 

a ~-ray diffraction. 

5. The catalyst according to claim 1, wherein the 

catalyst has an absorption peak in the range of 960 + 5 cm-1 

in the infrared. _ray absorption ·spectrum. 

6. A method for producing the catalyst according to 

claim 1, wherein said method comprises the following steps 

of; 

mixing and st~rring a silica source, a titanium source 

and a quarternary ammonium ion as a template in a solvent 

to obtain a solid containing a catalyst component and the 

template, and 

extracting the obtained solid in a solvent to obtain 

a catalyst by removing the template. 

7 • The method according to claim 6, wherein the method 

further comprises the following step; 

conducting a silylated treatment of the catalyst 

obtained by extracting. 

8. A method for producing propylene oxide by reacting 

propylene with a hydroperoxide, except for ethylbenzene 
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hydroperoxide, in the presence of the catalyst according to 

claim 1. 

9. The method according to claim 8, wherein the 

hydroperoxide is an organic hydroperoxide. 

10. The method according to claim 9, wherein the 

hydroperoxide is cumene hydroperoxide . 

. ' 

11. The method according to claim 8, wherein the 

hydroperoxide is hydrogen peroxide. 


