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DESCRIPTION 

Title of Invention: 

HYDRODESULFURIZATION CATALYST FOR HYDROCARBON 

OIL AND METHOD FOR MANUFACTURING 

	

5 	HYDRODESULFURIZATION CATALYST 

Technical Field 

[0001] The present invention relates to a hydrodesulfurization catalyst 

for hydrocarbon oil and a method for producing a hydrodesulfurization 

catalyst. 

	

10 	Background Art 

[0002] Quality regulations of a sulfur content in fuel oils are presently 

strengthened from the viewpoint of the environmental protection. In 

particular, a sulfur content in gas oil is an object of a strict regulation. 

Hence, the development of a catalyst is in progress, which has a high 

	

15 	desulfurization performance so as to be capable of meeting the 

regulation (for example, see Patent Literature 1). 

Citation List 

Patent Literature 

[0003] Patent Literature 1: Japanese Unexamined Patent Publication 

	

20 	No. 2011-72928 

Summary of Invention 

Technical Problem 

[0004] The present invention has an object to provide a 

hydrodesulfurization catalyst that exhibits a high desulfurization 

	

25 	performance and simultaneously stably retains the desulfurization 

performance for a long period. 
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Solution to Problem 

[0005] The present invention provides a hydrodesulfurization catalyst 

for hydrocarbon oil, the catalyst comprising: an inorganic oxide carrier 

comprising Si, Ti and Al; and at least one metal component, carried on 

	

5 	the inorganic oxide carrier, being selected from the group consisting of 

group 6 elements, group 8 elements, group 9 elements and group 10 

elements, wherein the content of Al in the inorganic oxide carrier is 50% 

by mass or higher in terms of A1203, the content of Si therein is 1.0 to 

10% by mass in terms of SiO2, and the content of Ti therein is 12 to 

	

10 	28% by mass in terms of Ti02; and in the inorganic oxide carrier, an 

absorption edge wavelength of an absorption peak from Ti is 364 nm or 

shorter as measured by ultraviolet spectroscopy. 

[0006] In one aspect, the hydrodesulfurization catalyst according to the 

present invention has a specific surface area (SA) of 150 m2/g or larger, 

	

15 	and a pore volume (PV) of 0.30 ml/g or larger. 

[0007] In another aspect, the metal component comprises at least one 

selected from the group consisting of molybdenum, tungsten, cobalt and 

nickel. 

[0008] In further another aspect, the content of the metal component is 

	

20 	1 to 35% by mass in terms of oxide. 

[0009] Further, the present invention provides a method for producing 

the above-mentioned hydrodesulfurization catalyst according to the 

present invention, the method comprising a step of mixing a first 

aqueous solution comprising a mineral acid salt of titanium and an 

	

25 	acidic aluminum salt with a second aqueous solution comprising a basic 

aluminum salt to make a mixed liquid of pH 6.5 to 9.5 to thereby obtain 
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a carrier precursor deposited in the mixed liquid, a step of calcining the 

carrier precursor to obtain a carrier, and a step of making the carrier to 

carry at least one metal component selected from the group consisting 

of group 6 elements, group 8 elements, group 9 elements and group 10 

	

5 	elements to obtain the hydrodesulfurization catalyst, wherein the first 

aqueous solution and/or the second aqueous solution comprises silicate 

ions. 

[0010] In one aspect, the first aqueous solution is prepared at 60°C or 

lower. 

	

10 	[0011] In another aspect, the period of time is 60 min or shorter from 

when the mineral acid salt of titanium and the acidic aluminum salt are 

mixed until when the first aqueous solution and the second aqueous 

solution are mixed. 

Advantageous Effects of Invention 

	

15 	[0012] According to the present invention, there can be provided a 

hydrodesulfurization catalyst that exhibits a high desulfurization 

performance and simultaneously stably retains the desulfurization 

performance for a long period, and a method for producing the same. 

Brief Description of Drawing 

	

20 	[0013] [Figure 1] Figure 1 is a diagram showing ultraviolet-visible light 

diffused reflection spectra of inorganic oxide carriers in Example 1 and 

Comparative Example 3. 

Description of Embodiments 

[0014] Hereinafter, embodiments according to the present invention 

	

25 	will be described in detail. 

[0015] <Hydrodesulfurization catalyst> 
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A hydrodesulfurization catalyst according to the present 

embodiment comprises an inorganic oxide carrier and a metal 

component carried on the inorganic oxide carrier. 

[0016] (Inorganic oxide carrier) 

	

5 	 The inorganic oxide carrier comprises Si, Ti and Al. The 

content of Al in terms of A1203  in the inorganic oxide carrier is 50% by 

mass or higher on the basis of the total amount of the inorganic oxide 

carrier. The content of Si in terms of SiO2  in the inorganic oxide 

carrier is 1.0 to 10% by mass on the basis of the total amount of the 

	

10 	inorganic oxide carrier. Further, the content of Ti in terms of TiO2  in 

the inorganic oxide carrier is 12 to 28% by mass on the basis of the total 

amount of the inorganic oxide carrier. 

[0017] The above content of Al is not especially limited as long as 

being 50% by mass or higher, but from the viewpoint of more 

	

15 	enhancing desulfurization activity of the hydrodesulfurization catalyst, 

it is preferable that the content is 60% by mass or higher; and being 

70% by mass or higher is more preferable. Then, the content of Al 

may be, for example, 85% by mass or lower. 

[0018] The above content of Si is not especially limited as long as being 

	

20 	1.0 to 10% by mass, but from the viewpoint of more enhancing 

desulfurization activity of the desulfurization catalyst, it is preferable 

that the content is 1.5% by mass or higher; and being 2.0% by mass or 

higher is more preferable. Further from the viewpoint of uniformizing 

the pore diameter in the inorganic oxide carrier, it is preferable that the 

	

25 	content of Si is 7.0% by mass or lower; and being 5.0% by mass or 

lower is more preferable. 
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[0019] The above content of Ti is not especially limited as long as being 

12 to 28% by mass, but from the viewpoint of more enhancing 

desulfurization activity of the desulfurization catalyst, it is preferable 

that the content is 15% by mass or higher; and the content may be 18% 

	

5 	by mass or higher. Further from the viewpoint of effectively 

suppressing aggregation of TiO2, it is preferable that the content of Ti is 

25% by mass or lower; and the content may be 23% by mass or lower. 

[0020] The inorganic oxide carrier may further comprise other elements 

in addition to Si, Ti and Al. Examples of the other elements include P, 

	

10 	B and Zr. In the case where the inorganic oxide carrier comprises 

other elements, the content of the each element in terms of oxide of the 

each element may be, on the basis of the total amount of the inorganic 

oxide carrier, for example, 1.0% by mass or higher, and 20% by mass or 

lower. 

	

15 	[0021] In the inorganic oxide carrier, the absorption edge wavelength of 

an absorption peak derived from Ti as measured by ultraviolet 

spectroscopy is 364 nm or shorter. When the absorption edge 

wavelength is 364 nm or shorter, the dispersibility of TiO2  particles in 

the carrier can be held good, and a high desulfurization performance is 

	

20 	exhibited and the desulfurization performance can stably be retained for 

a long period. From such viewpoints, it is preferable that the 

absorption edge wavelength is 360 nm or shorter. On the other hand, 

the lower limit of the absorption edge wavelength is not, especially 

limited, but from the viewpoint of fully securing the content of Ti in the 

	

25 	carrier and holding the desulfurization activity good, the lower limit 

may be, for example, 330 nm or longer, or 335 nm or longer. 
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[0022] Here in the present description, the absorption edge wavelength 

of an absorption peak measured by ultraviolet spectroscopy refers to a 

wavelength indicating an absorption edge of an ultraviolet-visible light 

diffused reflection spectrum measured by an ultraviolet-visible 

	

5 	spectrophotometer, and more specifically means the longest wavelength 

in wavelengths at which the value of the spectral intensity is 0.3 or 

higher when the absorption intensity is subjected to the K-M conversion 

using the Kubelka-Munk function (K-M function). 

[0023] In the inorganic oxide carrier, the specific surface area (SA) 

	

10 	measured by the BET method may be, for example, 280 m2/g or larger, 

and is preferably 290 m2/g or larger. When the specific surface area 

(SA) is 280 m2/g or larger, the metal component described later can be 

carried in a highly dispersed state and the reduction of the 

desulfurization performance can more effectively be suppressed. The 

	

15 	specific surface area (SA) may be, for example, 450 m2/g or smaller, 

and is preferably 430 m2/g or smaller. When the specific surface area 

(SA) is 450 m2/g or smaller, the reduction of the catalyst strength can 

more effectively be suppressed. 

[0024] In the inorganic oxide carrier, the pore volume (PV) measured 

	

20 	by a pore-filling method using water may be, for example, 0.45 ml/g or 

larger, and is preferably 0.50 ml/g or larger. Further the pore volume 

(PV) may be, for example, 0.80 ml/g or smaller, and is preferably 0.70 

ml/g or smaller. When the pore volume (PV) is 0.80 ml/g or smaller, 

the reduction of the catalyst strength can more effectively be 

	

25 	suppressed. 

[0025] (Metal component) 
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In the present embodiment, the metal component carried on the 

above inorganic oxide carrier is at least one metal component selected 

from the group consisting of group 6 elements, group 8 elements, group 

9 elements and group 10 elements. Here, the "group 6 elements", 

	

5 	"group 8 elements", "group 9 elements" and "group 10 elements" are 

terms based on the long-period periodic table (the new periodic table) in 

the IUPAC format. Then sometimes based on the short-period periodic 

table (the old periodic table), the "group 6 elements" are termed "group 

VIA elements", and the "group 8 elements", "group 9 elements" and 

	

10 	"group 10 elements" are generically termed "group VIII  elements". 

The metal component of group 6 elements includes molybdenum (Mo) 

and tungsten (W); and the metal component of group 8 elements, group 

9 elements and group 10 elements includes cobalt (Co) and nickel (Ni). 

These metal components may be used singly or concurrently in two or 

	

15 	more. 

[0026] The content of the metal component, on the basis of the total 

amount of the hydrodesulfurization catalyst, in terms of oxide, may be 1 

to 35% by mass, and is preferably 15 to 30% by mass. It is preferable 

that in particular, the content of the metal component of group 6 

	

20 	elements is, on the basis of the total amount of the hydrodesulfurization 

catalyst, in terms of oxide, 10 to 30% by mass; and being 13 to 24% by 

mass is more preferable. Then it is preferable that the total of the 

contents of group 8 elements, group 9 elements and group 10 elements 

is, in terms of oxide, 1 to 10% by mass; and being 2 to 6% by mass is 

	

25 	more preferable. 

[0027] The hydrodesulfurization catalyst may comprise phosphorus; 
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and in this case, it is preferable that the content of phosphorus is, on the 

basis of the total amount of the hydrodesulfurization catalyst, in terms 

of oxide (P205), 1 to 10% by mass; and being 2 to 6% by mass is more 

preferable. 

	

5 	[0028] In the hydrodesulfurization catalyst, the specific surface area 

(SA) measured by the BET method may be, for example, 150 m2/g or 

larger, and is preferably 170 m2/g or larger. When the specific surface 

area (SA) is 150 m2/g or larger, the active site of the desulfurization 

reaction can be retained and the reduction of the desulfurization 

	

10 	performance can more effectively be suppressed. The specific surface 

area (SA) may be, for example, 250 m2/g or smaller, and is preferably 

230 m2/g or smaller. When the specific surface area (SA) is 250 m2/g 

or smaller, the reduction of the catalyst strength can more effectively be 

suppressed. 

	

15 	[0029] In the hydrodesulfurization catalyst, the pore volume (PV) 

measured by the pore-filling method using water may be, for example, 

0.30 ml/g or larger, and is preferably 0.35 ml/g or larger. The pore 

volume (PV) may be, for example, 0.60 mug or smaller, and is 

preferably 0.50 mug or smaller. When the pore volume (PV) is 0.60 

	

20 	ml/g or smaller, the reduction of the catalyst strength can more 

effectively be suppressed. 

[0030] The hydrodesulfurization catalyst according to the present 

embodiment is suitably used for a hydrotreatment of hydrocarbon oil, 

particularly gas oil fractions. A hydrodesulfurization treatment using 

	

25 	the hydrodesulfurization catalyst according to the present embodiment 

is carried out, for example, by using a fixed-bed reactor packed with the 
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catalyst, and in a hydrogen atmosphere and under a high-temperature 

high-pressure condition. 

[0031] The gas oil fractions include straight-run gas oil obtained from 

crude oil by an atmospheric distillation apparatus, vacuum gas oil 

	

5 	obtained by processing straight-run heavy oil or residual oil obtained by 

an atmospheric distillation apparatus, by a vacuum distillation 

apparatus, catalytically cracked gas oil obtained by catalytically 

cracking vacuum heavy gas oil or desulfurized fuel oil, and 

hydrocracked gas oil obtained by hydrocracking vacuum heavy gas oil 

	

10 	or desulfurized fuel oil. 

[0032] It is preferable that the reaction pressure (hydrogen partial 

pressure) is 3 to 15 MPa; and more preferable is being 4 to 10 MPa. 

When the reaction pressure is lower than 3 MPa, since desulfurization 

and denitrification are likely to remarkably reduce; and when the 

	

15 	reaction pressure exceeds 15 MPa, since hydrogen consumption 

increases and operational costs increase, the cases are not preferable. 

[0033] It is preferable that the reaction temperature is 300 to 420°C; 

and more preferable is being 320 to 380°C. When the reaction 

temperature is lower than 300°C, since desulfurization and 

	

20 	denitrification activities are likely to remarkably reduce, the case is not 

practical. When the reaction temperature exceeds 420°C, since the 

catalyst degradation becomes remarkable and the temperature 

approaches to the heat-resistant temperature (usually about 425°C) of 

the reaction apparatus, the case is not preferable. 

25 	[0034] The liquid space velocity is not especially limited, but being 0.5 

to 4.011-1  is preferable; and more preferable is 0.5 to 2.011-1. When the 
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liquid space velocity is lower than 0.5 If% since the amount processed is 

small, the productivity becomes low, so the case is not practical. 

When the liquid space velocity exceeds 4.0 h1, since the reaction 

temperature becomes high and the catalyst degradation becomes fast, 

	

5 	the case is not preferable. 

[0035] It is preferable that the hydrogen/oil ratio is 120 to 420 NL/L; 

and more preferable is being 170 to 340 NL/L. When the hydrogen/oil 

ratio is lower than 120 NL/L, since the desulfurization ratio reduces, the 

case is not preferable. Even when the ratio exceeds 420 NL/L, since 

	

10 	the desulfuriz.ation activity makes no large change and only the 

operational costs increase, the case is not preferable. 

[0036] <Method for producing the hydrodesulfurization catalyst> 

A method for producing the above-mentioned 

hydrodesulfurization catalyst according to the present embodiment will 

	

15 	be described. The method for producing the hydrodesulfurization 

catalyst according to the present embodiment comprises a step 

(hereinafter, referred to also as "first step") of mixing a first aqueous 

solution comprising a mineral acid salt of titanium and an acidic 

aluminum salt with a second aqueous solution comprising a basic 

	

20 	aluminum salt to make a mixed liquid of pH 6.5 to 9.5 to thereby obtain 

a carrier precursor deposited in the mixed liquid, a step (hereinafter, 

referred to also as "second step") of calcining the carrier precursor to 

obtain a carrier, and a step (hereinafter, referred to also as "third step") 

of making the carrier to carry at least one metal component selected 

	

25 	from the group consisting of group 6 elements, group 8 elements, group 

9 elements and group 10 elements to obtain the hydrodesulfurization 
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catalyst. Hereinafter, each of the steps will be described. 

[0037] (First step) 

The first step is a step of mixing a first aqueous solution 

comprising a mineral acid salt of titanium and an acidic aluminum salt 

	

5 	with a second aqueous solution comprising a basic aluminum salt to 

make a mixed liquid of pH 6.5 to 9.5 to obtain a carrier precursor 

deposited in the mixed liquid. Here, the first aqueous solution is 

usually an acidic aqueous solution; and the second aqueous solution is 

usually a basic aqueous solution. 

	

10 	[0038] Examples of the mineral acid salt of titanium contained in the 

first aqueous solution include titanium tetrachloride, titanium 

trichloride, titanium sulfate and titanium nitrate; and particularly 

titanium sulfate is, since being inexpensive, suitably used. Then the 

acidic aluminum salt includes aluminum sulfate, aluminum chloride and 

	

15 	aluminum nitrate. Then examples of the basic aluminum salt 

contained in the second aqueous solution include sodium aluminate and 

potassium aluminate. 

[0039] Further in the first step, the first aqueous solution and/or the 

second aqueous solution comprises silicate ions, but the timing when 

	

20 	the silicate ions (silicate compound) are added to the first aqueous 

solution and/or the second aqueous solution is not especially limited. 

For example, the first aqueous solution may be prepared by 

substantially simultaneously adding and mixing the mineral acid salt of 

titanium, the acidic aluminum salt and the silicate ions; or the first 

25 

	

	aqueous solution may be made by previously preparing an aqueous 

solution containing the mineral acid salt of titanium and the acidic 
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aluminum salt and adding and mixing the silicate ions with the solution 

right before the first aqueous solution is mixed with the second aqueous 

solution. Similarly, the second aqueous solution may be prepared by 

substantially simultaneously adding and mixing the basic aluminum salt 

	

5 	and the silicate ions; or the second aqueous solution may be made by 

previously preparing an aqueous solution containing the basic aluminum 

salt, and adding and mixing the silicate ions with the solution right 

before the second aqueous solution is mixed with the first aqueous 

solution. 

	

10 	[0040] The contents of the mineral acid salt of titanium and the acidic 

aluminum salt contained in the first aqueous solution, the basic 

aluminum salt contained in the second aqueous solution, and the silicate 

ions contained in the first aqueous solution and/or the second aqueous 

solution are not especially limited, and can suitably be prepared so that 

	

15 	the content of Al of the inorganic oxide carrier obtained in the second 

step to be described later becomes 50% by mass or higher in terms of 

A1203; the content of Si thereof, 1.0 to 10% by mass in terms of SiO2; 

and the content of Ti thereof, 12 to 28% by mass in temis of TiO2. 

[0041] In the case where the first aqueous solution contains silicate 

	

20 	ions, as a silicate compound to be used, for example, an acidic or neutral 

silicate compound may be used. Examples of the acidic silicate 

compound include silicic acid. Alternatively, in the case where the 

second aqueous solution contains silicate ions, as a silicate compound to 

be used, for example, a basic or neutral silicate compound may be used. 

	

25 	Examples of the basic silicate compound include sodium silicate. 

[0042] The condition in preparation of the first aqueous solution is not 
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especially limited, but from the viewpoint of securing the stability of the 

mineral acid salt of titanium in the first aqueous solution, for example, it 

is preferable that the temperature in the preparation is made to be 60°C 

or lower. Further the temperature in preparation of the first aqueous 

	

5 	solution, from the viewpoint of making it easy for the mineral acid salt 

of titanium to be dissolved, may be, for example, room temperature 

(23°C) or higher; and being 30°C or higher is preferable. 

[0043] In the first step, the pH of the mixed liquid obtained by mixing 

the first aqueous solution and the second aqueous solution is 6.5 to 9.5. 

	

10 	By making the pH of the mixed liquid in the above numerical range, the 

carrier precursor can stably be deposited in the mixed liquid. It is 

preferable that the pH of the mixed liquid is 6.5 to 8.5; and being 6.5 to 

7.5 is more preferable. Thereby, removal of impurities from the carrier 

precursor is made easy. 

	

15 	[0044] A method of mixing the first aqueous solution and the second 

aqueous solution is not especially limited, and there can be used, for 

example, a method of adding the second aqueous solution to the first 

aqueous solution and mixing the resultant, a method of adding the first 

aqueous solution to the second aqueous solution and mixing the 

	

20 	resultant, or the like. Alternatively, the first aqueous solution and the 

second aqueous solution may be mixed collectively, or one of the 

aqueous solutions may be continuously added to the other aqueous 

solution. In the case of the continuous addition, the time from when 

the addition is started until when the addition is completed is not 

	

25 	especially limited, and may be, for example, 5 to 20 min, or may also be 

7 to 15 min. In particular, in the case where the first aqueous solution 
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is added to the second aqueous solution and mixed, from the viewpoint 

of sufficiently suppressing formation of pseudo-boelunite and besides, 

crystalline substances such as bayerite and gibbsite, and more 

effectively securing the specific surface area of the obtained 

	

5 	hydrorefining catalyst, it is preferable that the period of time is 13 min 

or shorter. 

[0045] In the first step, from the viewpoint of more effectively 

regulating the absorption edge wavelength of the inorganic oxide 

carrier, the time from when the mineral acid salt of titanium and the 

	

10 	acidic aluminum salt are mixed until when the first aqueous solution 

and the second aqueous solution are mixed may also be made to be, for 

example, 60 min or shorter. Here, the time until when the first aqueous 

solution and the second aqueous solution are mixed means, in the case 

where one of the aqueous solutions is continuously added to the other 

	

15 	aqueous solution, the time until the addition is completed. By making 

the time to be 60 min or shorter from when the mineral acid salt of 

titanium and the acidic aluminum salt are mixed until when the first 

aqueous solution and the second aqueous solution are mixed, 

aggregation of TiO2  particles in the first aqueous solution can more 

	

20 	effectively be suppressed and the dispersibility of the TiO2  particles in 

the inorganic oxide carrier can be held better. From such a viewpoint, 

it is more preferable that the period of time is 50 min or shorter from 

when the mineral acid salt of titanium and the acidic aluminum salt are 

mixed until when the first aqueous solution and the second aqueous 

	

25 	solution are mixed; and being 40 min or shorter is still more preferable. 

[0046] Other conditions when the first aqueous solution and the second 
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aqueous solution are mixed are not especially limited. For example, in 

the case where the first aqueous solution is added to the second aqueous 

solution, the first aqueous solution and the second aqueous solution may 

be mixed by charging the second aqueous solution in a vessel equipped 

	

5 	with a stirrer, and heating the solution usually at 40 to 80°C, preferably 

at 55 to 70°C and holding the temperature, and adding the first aqueous 

solution heated at a temperature of ±5°C, preferably ±2°C, more 

preferably ±1°C of the temperature of the second aqueous solution. 

[0047] (Second step) 

	

10 	 The second step is a step of calcining the carrier precursor 

obtained in the above first step to thereby obtain the carrier (inorganic 

oxide carrier). 

[0048] The condition of calcining the carrier precursor is not especially 

limited, but for example, the calcining temperature may be 400 to 

	

15 	700°C, may also be 450 to 600°C, or may also be 500 to 570°C. Then, 

the calcining time may be, for example, 0.5 to 10 hours, or may also be 

2 to 5 hours. 

[0049] As a carrier precursor to be fed to calcining, there may also be 

used, as desired, one prepared by heating and kneading the 

	

20 	above-mentioned carrier precursor into a moldable kneaded material, 

thereafter molding the resultant into a desired shape by extrusion or the 

like, and drying the resultant, for example, at 70 to 150°C, preferably at 

90 to 130°C. 

[0050] Further when the carrier precursor is calcined, as desired, the 

	

25 	carrier precursor may be washed in order to remove by-product salts, or 

the carrier precursor may be aged. Examples of washing liquids for 
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washing the carrier precursor include an ammonia aqueous solution. 

Then examples of aging methods include a method in which aging is 

carried out under stirring at 80 to 120°C for 5 to 20 hours by using an 

aging tank equipped with a refluxing device. 

	

5 	[0051] (Third step) 

The third step is a step of making the carrier (inorganic oxide 

carrier) obtained in the above second step to carry at least one metal 

component selected from the group consisting of group 6 elements, 

group 8 elements, group 9 elements and group 10 elements to obtain the 

	

10 	hydrodesulfurization catalyst. 

[0052] A method of making the carrier to carry the metal component is 

not especially limited, and there can be used means such as an 

impregnation method or a dipping method. Examples of raw material 

metal compounds for making the carrier to carry the metal component 

	

15 	include nickel nitrate, nickel carbonate, cobalt nitrate, cobalt carbonate, 

molybdenum trioxide, ammonium molybdate and ammonium 

paratungstate. 

[0053] In the case where the metal component carried on the carrier 

contains a metal component of a group 6 element, it is preferable to 

	

20 	dissolve the metal component by using an acid. In this case, the acid 

includes phosphoric acid and organic acids. In the case of using 

phosphoric acid, from the viewpoint of retaining the catalytic 

performance and simultaneously ensuring stable dissolvability, the 

content of phosphoric acid may be, with respect to 100 parts by mass of 

	

25 	the metal component of a group 6 element, in terms of oxide, 3 to 25 

parts by mass, and may be 10 to 15 parts by mass. 
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[0054] In the third step, the hydrodesulfurization catalyst may be 

prepared by making the carrier to carry the metal component by the 

above-mentioned method, and thereafter, as desired, calcining the 

resultant. The calcining condition is not especially limited, and for 

	

5 	example, the calcining temperature may be 400 to 700°C, may also be 

450 to 600°C, or may also be 500 to 570°C. Further the calcining time 

may be, for example, 0.5 to 10 hours, or may also be 2 to 5 hours. 

[0055] Hitherto, the hydrodesulfurization catalyst according to the 

present embodiment and the production method thereof have been 

	

10 	described, but the present invention is not any more limited to the above 

embodiment. 

[0056] For example, in the production of the hydrodesulfurization 

catalyst, by subjecting the hydrodesulfurization catalyst obtained in the 

above third step to a pre-sulfurization treatment in a reaction apparatus, 

	

15 	a pre-sulfurized hydrodesulfurization catalyst can be produced. More 

specifically, a pre-sulfurized hydrodesulfurization catalyst may be 

obtained by carrying out a pre-sulfurization treatment on the 

hydrodesulfurization catalyst, in which treatment the 

hydrodesulfurization catalyst is brought into contact with a mixed oil 

	

20 	prepared by mixing a petroleum distillate (hydrocarbon oil) containing 

sulfur compounds with a sulfurizing agent (dimethyl sulfide, dimethyl 

disulfide, carbon disulfide or the like), in a hydrogen atmosphere at 200 

to 400°C (preferably 240 to 340°C) at atmospheric or higher pressure in 

hydrogen partial pressure (for example, 2 to 15 MPa); or a 

	

25 	pre-sulfurized hydrodesulfurization catalyst may be obtained by simply 

bringing the hydrodesulfurization catalyst and hydrogen sulfide into 
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contact with each other under the same condition as in the above. 

[0057] By carrying out the pre-sulfarization treatment under the above 

condition on the hydrodesulfurization catalyst, while the sulfidity of the 

carried metal is held at a high level, the number of lamination of crystal 

	

5 	phases of a metal sulfide can be retained in a certain range and better 

desulfurization activity can be exhibited. 

Examples 

[0058] Hereinafter, the content of the present invention will be 

described more specifically by way of Examples and Comparative 

	

10 	Examples, but the present invention is not any more limited to these 

Examples. 

[0059] (Example 1) 

<Preparation of a carrier precursor> 

8.16 kg of a sodium aluminate aqueous solution (manufactured 

	

15 	by JGC Catalysts and Chemicals Ltd.) of 22% by mass in terms of 

A1203  was charged in a 100-L volume tank equipped with a steam 

jacket, and diluted with 41.0 kg of ion-exchange water; thereafter, 1.80 

kg of a sodium silicate solution (manufactured by AGC Si-Tech Co., 

Ltd., SiO2  concentration: 24% by mass) of 5.0% by mass in terms of 

	

20 	SiO2  was added under stirring, and heated at 60°C to thereby prepare a 

second aqueous solution containing a basic aluminum salt. 

[0060] A solution A prepared by diluting 7.38 kg of an aluminum 

sulfate aqueous solution (manufactured by JGC Catalysts and 

Chemicals Ltd.) of 7.0% by mass in terms of A1203  with 13.0 kg of 

	

25 	ion-exchange water, and a solution B prepared by dissolving 1.82 kg of 

titanyl sulfate (manufactured by Tayca Corp.) of 33% by mass in terms 
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of TiO2  in 10.0 kg of ion-exchange water were mixed, and heated at 

50°C to thereby prepare a first aqueous solution containing a mineral 

acid salt of titanium and an acidic aluminum salt. 

[0061] Then, the first aqueous solution was added in the tank 

	

5 	containing the second aqueous solution at a certain rate until the pH 

became 7.2 over 10 min by using a roller pump to thereby obtain a 

mixed liquid (slurry) having the carrier precursor (hydrate) a deposited 

therein. Here, the time was 30 min from when the solution A and the 

solution B were mixed until when the addition of the first aqueous 

	

10 	solution in the second aqueous solution was completed (the time of 

completion of the addition). 

[0062] <Preparation of an inorganic oxide carrier> 

The obtained mixed liquid was stirred at 60°C for 1 hour, 

thereafter dehydrated by using a plate filter, and further washed with 

	

15 	150 L of a 0.3-mass% ammonia aqueous solution. The carrier 

precursor a after the washing in a cake state was diluted with 

ion-exchange water so as to make a concentration of 10% by mass in 

terms of A1203, and thereafter controlled to a pH of 10.5 with a 

15-mass% ammonia water. 	The obtained diluted liquid was 

	

20 	transferred to an aging tank equipped with a reflux device, and aged 

under stirring at an aging temperature of 95°C for 10 hours. The 

mixed liquid after the finish of the aging was dehydrated, and kneaded 

by a double-armed kneader equipped with a steam jacket to be 

concentrated to a predetermined water content. The obtained kneaded 

	

25 	material was molded into a cylindrical shape of 1 8 mm in diameter by 

an extruding machine, and dried at 110°C. The dried molded product 
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was calcined at a temperature of 550°C for 3 hours in an electric furnace 

to thereby obtain an inorganic oxide carrier a containing Si, Ti and Al. 

[0063] The inorganic oxide carrier a contained, on the basis of the total 

amount of the carrier, Al of 77% by mass in terms of A1203, Si of 3.0% 

	

5 	by mass in terms of SiO2, and Ti of 20% by mass in Willis of TiO2. 

Then, the properties (pore volume (PV) and specific surface area (SA)) 

of the inorganic oxide carrier a were measured according to the 

following methods. 

[0064] Further, the ultraviolet-visible light diffused reflection spectrum 

	

10 	of the inorganic oxide carrier a was analyzed according to the following 

method. The analysis result is shown in Figure 1. The absorption 

edge wavelength of the inorganic oxide carrier a was calculated from 

the analysis result, and was 346 nm 

[0065] <Preparation of a hydrodesulfurization catalyst> 

	

15 	 Then, 267 g of molybdenum trioxide (manufactured by Climax 

Molybdenum Co., MoO3  concentration: 99% by mass) and 54 g of 

cobalt carbonate (manufactured by Tanaka Chemical Corp., CoO 

concentration: 61% by mass) were suspended in 500 ml of 

ion-exchange water; and the suspension liquid was heated at 95°C for 5 

	

20 	hours with a suitable reflux device provided so the liquid volume as not 

to reduce; thereafter, 54 g of phosphoric acid (manufactured by Kanto 

Chemical Co., Inc., P2O5  concentration: 62% by mass) was added to the 

suspension liquid and dissolved therein to prepare an impregnating 

liquid. 	The obtained impregnating liquid was sprayed and 

	

25 	impregnated in 1000 g of the above inorganic oxide carrier a, thereafter 

dried at 250°C, and calcined at a calcining temperature of 550°C for 1 
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hour in an electric furnace to thereby obtain a hydrodesulfurization 

catalyst a. 

[0066] The metal component in the hydrodesulfurization catalyst a 

contained, on the basis of the total amount of the catalyst, 20% by mass 

	

5 	of MoO3, 2.5% by mass of CoO and 2.5% by mass of P2O5. 

[0067] The measurements of the properties (pore volume (PV) and 

specific surface area (SA)) of the hydrodesulfurization catalyst a, and 

the hydrodesulfurization activity test and the stability test of the 

hydrodesulfurization activity of the hydrodesulfurization catalyst a were 

	

10 	carried out according to the following methods. Each property is 

collectively shown in Table 1. 

[0068] (Example 2) 

<Preparation of a carrier precursor> 

A mixed liquid having a carrier precursor b deposited therein 

	

15 	was obtained by the same method as in Example 1. 

[0069] <Preparation of an inorganic oxide carrier> 

An inorganic oxide carrier b was prepared, and the properties 

(pore volume (PV) and specific surface area (SA)) were measured, by 

the same methods as in Example 1, except for, in preparation of the 

	

20 	inorganic oxide carrier, altering the temperature when the diluted liquid 

was transferred to the aging tank equipped with the reflux device, and 

aged under stirring for 10 hours, to 65°C. The inorganic oxide carrier 

b contained, on the basis of the total amount of the carrier, Al of 77% by 

mass in terms of A1203, Si of 3.0% by mass in teens of SiO2, and Ti of 

	

25 	20% by mass in terms of TiO2. Then, the absorption edge wavelength 

of the inorganic oxide carrier b was calculated by the same method as in 
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Example 1, and was 351 nm 

[0070] <Preparation of a hydrodesulfurization catalyst> 

A hydrodesulfurization catalyst b was obtained from the 

inorganic oxide carrier b by the same method as in Example 1. The 

	

5 	metal component in the hydrodesulfurization catalyst b contained, on 

the basis of the total amount of the catalyst, 20% by mass of MoO3, 

2.5% by mass of CoO and 2.5% by mass of P2O5. Further, the 

measurements of the properties (pore volume (PV) and specific surface 

area (SA)) of the hydrodesulfurization catalyst b, and the 

	

10 	hydrodesulfurization activity test and the stability test of the 

hydrodesulfurization activity of the hydrodesulfurization catalyst b were 

carried out by the same methods as in Example 1. Each property is 

collectively shown in Table 1. 

[0071] (Example 3) 

	

15 	<Preparation of a carrier precursor> 

7.99 kg of the sodium aluminate aqueous solution 

(manufactured by JGC Catalysts and Chemicals Ltd.) of 22% by mass 

in terms of A1203  was charged in the 100-L volume tank equipped with 

the steam jacket, and diluted with 42.0 kg of ion-exchange water; 

	

20 	thereafter, 1.80 kg of the sodium silicate solution (manufactured by 

AGC Si-Tech Co., Ltd., SiO2  concentration: 24% by mass) of 5.0% by 

mass in terms of SiO2  was added under stirring, and heated at 60°C to 

thereby prepare a second aqueous solution containing a basic aluminum 

salt. 

	

25 	[0072] A solution A prepared by diluting 5.76 kg of the aluminum 

sulfate aqueous solution (manufactured by JGC Catalysts and 
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Chemicals Ltd.) of 7.0% by mass in terms of A1203  with 10.0 kg of 

ion-exchange water, and a solution B prepared by dissolving 2.27 kg of 

the titanyl sulfate (manufactured by Tayca Corp.) of 33% by mass in 

terms of TiO2  in 13.0 kg of ion-exchange water were mixed, and heated 

	

5 	at 50°C to thereby prepare a first aqueous solution containing a mineral 

acid salt of titanium and an acidic aluminum salt. Hereinafter, by the 

same method as in Example 1, a mixed liquid having a carrier precursor 

c deposited therein was obtained. 

[0073] <Preparation of an inorganic oxide carrier> 

	

10 	 An inorganic oxide carrier c was prepared from the carrier 

precursor c, and the properties (pore volume (PV) and specific surface 

area (SA)) were measured, by the same methods as in Example 1. The 

inorganic oxide carrier c contained, on the basis of the total amount of 

the carrier, Al of 72% by mass in terms of A1203, Si of 3.0% by mass  in 

	

15 	terms of SiO2, and Ti of 25% by mass in terms of TiO2. Then, the 

absorption edge wavelength of the inorganic oxide carrier c was 

calculated by the same method as in Example 1, and was 359 nm. 

[0074] <Preparation of a hydrodesulfurization catalyst> 

A hydrodesulfurization catalyst c was obtained from the 

	

20 	inorganic oxide carrier c by the same method as in Example 1. The 

metal component in the hydrodesulfurization catalyst c contained, on 

the basis of the total amount of the catalyst, 20% by mass of Mo03, 

2.5% by mass of CoO and 2.5% by mass of P2O5. Further, the 

measurements of the properties (pore volume (PV) and specific surface 

	

25 	area (SA)) of the hydrodesulfurization catalyst c, and the 

hydrodesulfurization activity test and the stability test of the 
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hydrodesulfurization activity of the hydrodesulfurization catalyst c were 

carried out by the same methods as in Example 1. Each property is 

collectively shown in Table 1. 

[0075] (Example 4) 

	

5 	<Preparation of a carrier precursor> 

8.32 kg of the sodium aluminate aqueous solution 

(manufactured by JGC Catalysts and Chemicals Ltd.) of 22% by mass 

in terms of A1203  was charged in the 100-L volume tank equipped with 

the steam jacket, and diluted with 39.0 kg of ion-exchange water; 

	

10 	thereafter, 1.80 kg of the sodium silicate solution (manufactured by 

AGC Si-Tech Co., Ltd., Si02  concentration: 24% by mass) of 5.0% by 

mass in terms of Si02  was added under stirring, and heated at 60°C to 

thereby prepare a second aqueous solution containing a basic aluminum 

salt. 

	

15 	[0076] A solution A prepared by diluting 9.00 kg of the aluminum 

sulfate aqueous solution (manufactured by JGC Catalysts and 

Chemicals Ltd.) of 7.0% by mass in terms of A1203  with 16.0 kg of 

ion-exchange water, and a solution B prepared by dissolving 136 kg of 

the titanyl sulfate (manufactured by Tayca Corp.) of 33% by mass in 

	

20 	terms of TiO2  in 7.64 kg of ion-exchange water were mixed, and heated 

at 50°C to thereby prepare a first aqueous solution containing a mineral 

acid salt of titanium and an acidic aluminum salt. Hereinafter, by the 

same method as in Example 1, a mixed liquid having a carrier precursor 

d deposited therein was obtained. 

	

25 	[0077] <Preparation of an inorganic oxide carrier> 

An inorganic oxide carrier d was prepared from the carrier 
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precursor d, and the properties (pore volume (PV) and specific surface 

area (SA)) were measured, by the same methods as in Example 1. The 

inorganic oxide carrier d contained, on the basis of the total amount of 

the carrier, Al of 82% by mass in terms of A1203, Si of 3.0% by mass in 

	

5 	terms of SiO2, and Ti of 15% by mass in terms of TiO2. Then, the 

absorption edge wavelength of the inorganic oxide carrier d was 

calculated by the same method as in Example 1, and was 335 nm 

[0078] <Preparation of a hydrodesulfurization catalyst> 

A hydrodesulfurization catalyst d was obtained from the 

	

10 	inorganic oxide carrier d by the same method as in Example 1. The 

metal component in the hydrodesulfurization catalyst d contained, on 

the basis of the total amount of the catalyst, 20% by mass of MoO3, 

2.5% by mass of COO and 2.5% by mass of P2O5. Further, the 

measurements of the properties (pore volume (PV) and specific surface 

	

15 	area (SA)) of the hydrodesulfurization catalyst d, and the 

hydrodesulfurization activity test and the stability test of the 

hydrodesulfurization activity of the hydrodesulfurization catalyst d were 

carried out by the same methods as in Example 1. Each property is 

collectively shown in Table 1. 

	

20 	[0079] (Example 5) 

<Preparation of a carrier precursor> 

A mixed liquid having a carrier precursor e deposited therein 

was obtained by the same method as in Example 1. 

[0080] <Preparation of an inorganic oxide carrier> 

	

25 	 An inorganic oxide carrier e was prepared from the carrier 

precursor e, and the properties (pore volume (PV) and specific surface 
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area (SA)) were measured, by the same methods as in Example 1. The 

inorganic oxide carrier e contained, on the basis of the total amount of 

the carrier, Al of 77% by mass in tenus of A1203, Si of 3.0% by mass in 

terms of Si02, and Ti of 20% by mass in tenns of TiO2. Then, the 

	

5 	absorption edge wavelength of the inorganic oxide carrier e was 

calculated by the same method as in Example 1, and was 346 nm 

[0081] <Preparation of a hydrodesulfurization catalyst> 

272 g of the molybdenum trioxide (manufactured by Climax 

Molybdenum Co., MoO3  concentration: 99% by mass), 37 g of nickel 

	

10 	carbonate (manufactured by Seido Chemical Industry CO., Ltd., NiO 

concentration: 55% by mass) and 55 g of the cobalt carbonate 

(manufactured by Tanaka Chemical Corp., CoO concentration: 61% by 

mass) were suspended in 500 ml of ion-exchange water; and the 

suspension liquid was heated at 95°C for 5 hours with a suitable reflux 

	

15 	device provided so the liquid volume as not to reduce; thereafter, 55 g of 

the phosphoric acid (manufactured by Kanto Chemical Co., Inc., P2O5  

concentration: 62% by mass) was added to the suspension liquid and 

dissolved therein to prepare an impregnating liquid. 

[0082] Hereinafter, by the same method as in Example 1, a 

	

20 	hydrodesulfurization catalyst e was obtained. The metal component in 

the hydrodesulfurization catalyst e contained, on the basis of the total 

amount of the catalyst, 20% by mass of Mo03, 1.5% by mass of NiO, 

2.5% by mass of CoO and 2.5% by mass of P2O5. Further, the 

measurements of the properties (pore volume (PV) and specific surface 

	

25 	area (SA)) of the hydrodesulfurization catalyst e, and the 

hydrodesulfurization activity test and the stability test of the 
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hydrodesulfurization activity of the hydrodesulfurization catalyst e were 

carried out by the same methods as in Example 1. Each property is 

collectively shown in Table 1. 

[0083] (Comparative Example 1) 

	

5 	<Preparation of a carrier precursor> 

8.49 kg of the sodium aluminate aqueous solution 

(manufactured by JGC Catalysts and Chemicals Ltd.) of 22% by mass 

in terms of A1203  was charged in the 100-L volume tank equipped with 

the steam jacket, and diluted with 37.0 kg of ion-exchange water; 

	

10 	thereafter, 1.80 kg of the sodium silicate solution (manufactured by 

AGC Si-Tech Co., Ltd., SiO2  concentration: 24% by mass) of 5.0% by 

mass in terms of SiO2  was added under stirring, and heated at 60°C to 

thereby prepare a second aqueous solution containing a basic aluminum 

salt. 

	

15 	[0084] A solution A prepared by diluting 10.6 kg of the aluminum 

sulfate aqueous solution (manufactured by JGC Catalysts and 

Chemicals Ltd.) of 7.0% by mass in tetins of A1203  with 19.0 kg of 

ion-exchange water, and a solution B prepared by dissolving 0.910 kg of 

the titanyl sulfate (manufactured by Tayca Corp.) of 33% by mass in 

	

20 	terms of TiO2  in 5.10 kg of ion-exchange water were mixed, and heated 

at 50°C to thereby prepare a first aqueous solution containing a mineral 

acid salt of titanium and an acidic aluminum salt. Hereinafter, by the 

same method as in Example 1, a mixed liquid having a carrier precursor 

f deposited therein was obtained. 

	

25 	[0085] <Preparation of an inorganic oxide carrier> 

An inorganic oxide carrier f was prepared from the carrier 
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precursor f, and the properties (pore volume (PV) and specific surface 

area (SA)) were measured, by the same methods as in Example 1. The 

inorganic oxide carrier f contained, on the basis of the total amount of 

the carrier, Al of 87% by mass in terms of A1203, Si of 3.0% by mass in 

	

5 	teens of SiO2, and Ti of 10% by mass in terms of TiO2. Then, the 

absorption edge wavelength of the inorganic oxide carrier f was 

calculated by the same method as in Example 1, and was 326 nm 

[0086] <Preparation of a hydrodesulfurization catalyst> 

A hydrodesulfurization catalyst f was obtained from the 

	

10 	inorganic oxide carrier f by the same method as in Example 1. The 

metal component in the hydrodesulfurization catalyst f contained, on the 

basis of the total amount of the catalyst, 20% by mass of Mo03, 2.5% 

by mass of CoO and 2.5% by mass of P2O5. Further, the 

measurements of the properties (pore volume (PV) and specific surface 

	

15 	area (SA)) of the hydrodesulfurization catalyst f, and the 

hydrodesulfurization activity test and the stability test of the 

hydrodesulfurization activity of the hydrodesulfurization catalyst f were 

carried out by the same methods as in Example 1. Each property is 

collectively shown in Table 1. 

	

20 	[0087] (Comparative Example 2) 

<Preparation of a carrier precursor> 

7.82 kg of the sodium aluminate aqueous solution 

(manufactured by JGC Catalysts and Chemicals Ltd.) of 22% by mass 

in terms of A1203  was charged in the 100-L volume tank equipped with 

25 

	

	the steam jacket, and diluted with 44.0 kg of ion-exchange water; 

thereafter, 1.80 kg of the sodium silicate solution (manufactured by 
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AGC Si-Tech Co., Ltd., SiO2  concentration: 24% by mass) of 5.0% by 

mass in terms of SiO2  was added under stirring, and heated at 60°C to 

thereby prepare a second aqueous solution containing a basic aluminum 

salt. 

	

5 	[0088] A solution A prepared by diluting 4.14 kg of the aluminum 

sulfate aqueous solution (manufactured by JGC Catalysts and 

Chemicals Ltd.) of 7.0% by mass in terms of A1203  with 7.45 kg of 

ion-exchange water, and a solution B prepared by dissolving 2.73 kg of 

the titanyl sulfate (manufactured by Tayca Corp.) of 33% by mass in 

	

10 	terms of TiO2  in 15.0 kg of ion-exchange water were mixed, and heated 

at 50°C to thereby prepare a first aqueous solution containing a mineral 

acid salt of titanium and an acidic aluminum salt. Hereinafter, by the 

same method as in Example 1, a mixed liquid having a carrier precursor 

g deposited therein was obtained. 

	

15 	[0089] <Preparation of an inorganic oxide carrier> 

An inorganic oxide carrier g was prepared from the carrier 

precursor g, and the properties (pore volume (PV) and specific surface 

area (SA)) were measured, by the same methods as in Example 1. The 

inorganic oxide carrier g contained, on the basis of the total amount of 

	

20 	the carrier, Al of 67% by mass in terms of A1203, Si of 3.0% by mass in 

tewis of SiO2, and Ti of 30% by mass in terms of TiO2. Then, the 

absorption edge wavelength of the inorganic oxide carrier g was 

calculated by the same method as in Example 1, and was 379 nm 

[0090] <Preparation of a hydrodesulfurization catalyst> 

	

25 	 A hydrodesulfurization catalyst g was obtained from the 

inorganic oxide carrier g by the same method as in Example 1. The 
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metal component in the hydrodesulfurization catalyst g contained, on 

the basis of the total amount of the catalyst, 20% by mass of Mo03, 

2.5% by mass of CoO and 2.5% by mass of P2O5. Further, the 

measurements of the properties @ore volume (PV) and specific surface 

	

5 	area (SA)) of the hydrodesulfurization catalyst g, and the 

hydrodesulfurization activity test and the stability test of the 

hydrodesulfurization activity of the hydrodesulfurization catalyst g were 

carried out by the same methods as in Example 1. Each property is 

collectively shown in Table 1. 

	

10 	[0091] (Comparative Example 3) 

<Preparation of a carrier precursor> 

A second aqueous solution and a first aqueous solution were 

prepared by the same methods as in Example 1. 

Then, the first aqueous solution was added in the tank 

	

15 	containing the second aqueous solution at a certain rate until the pH 

became 7.2 over 10 min by using a roller pump to thereby obtain a 

mixed liquid (slurry) having a carrier precursor (hydrate) h deposited 

therein. Here, the time was 90 min from when the solution A and the 

solution B were mixed until when the addition of the first aqueous 

	

20 	solution in the second aqueous solution was completed. 

[0092] <Preparation of an inorganic oxide carrier> 

An inorganic oxide carrier h was prepared from the carrier 

precursor h, and the properties (pore volume (PV) and specific surface 

area (SA)) were measured, by the same methods as in Example 1. The 

	

25 	inorganic oxide carrier h contained, on the basis of the total amount of 

the carrier, Al of 77% by mass in teens of A1203, Si of 3.0% by mass in 
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terms of SiO2, and Ti of 20% by mass in terms of TiO2. 

[0093] The ultraviolet-visible light diffused reflection spectrum of the 

inorganic oxide carrier h was analyzed by the same method as in 

Example 1. The analysis result is shown in Figure 1. The absorption 

	

5 	edge wavelength of the inorganic oxide carrier h was calculated from 

the analysis result, and was 365 nm 

[0094] <Preparation of a hydrodesulfurization catalyst> 

A hydrodesulfurization catalyst h was obtained from the 

inorganic oxide carrier h by the same method as in Example 1. The 

	

10 	metal component in the hydrodesulfurization catalyst h contained, on 

the basis of the total amount of the catalyst, 20% by mass of MoO3, 

2.5% by mass of CoO and 2.5% by mass of P2O5. Further, the 

measurements of the properties (pore volume (PV) and specific surface 

area (SA)) of the hydrodesulfurization catalyst h, and the 

	

15 	hydrodesulfurization activity test and the stability test of the 

hydrodesulfurization activity of the hydrodesulfurization catalyst h were 

carried out by the same methods as in Example 1. Each property is 

collectively shown in Table 1. 

[0095] [Evaluation of properties of the inorganic oxide carriers] 

	

20 	<Measurement of ultraviolet-visible light diffused reflection spectra of 

the inorganic oxide carriers and calculation of absorption edges thereof> 

The ultraviolet-visible light diffused reflection spectra were 

measured by using an ultraviolet-visible light spectrometer 

(manufactured by JASCO Corp., V-660) and installing an integrating 

	

25 	sphere unit ISV-772 for diffused reflection measurement, and as 

follows. 
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[0096] 200 mg of one inorganic oxide carrier sample was filled in a cell 

holder for a diffused reflection sample, and thereafter the absorbance 

was measured at room temperature. Specifically, in the photometric 

mode, the band width was set at 5.0 nm; the measurement range, 500 to 

	

5 	200 nm; the data acquisition interval, 0.1 nm; the scanning rate, 100 

nm/min; and the light source switching wavelength, 340 nm, and the 

background correction was made in the range of 500 to 200 nm. Here, 

the background measurement was carried out under the above 

conditions and by using a reference white plate. 

	

10 	[0097] A process of calculating the absorption edge from the above 

obtained diffused reflection spectrum involved subjecting the absorption 

intensity to the K-M conversion using the Kubelka-Munk function 

(K-M function), and calculating, as the absorption edge wavelength, the 

longest wavelength in wavelengths at which the value of the spectral 

	

15 	intensity was 0.3 or higher. 

[0098] <Measurement of the pore volume (PV) of the inorganic oxide 

carriers> 

The pore volume (PV) was measured and calculated by the 

pore-filling method using water. 

	

20 	[0099] <Measurement of the specific surface area (SA) of the inorganic 

oxide carriers> 

The specific surface area (SA) was measured and calculated by 

the BET method using nitrogen adsorption by using a BERSORP-mini 

(manufactured by MicrotracBEL Corp., trade name) 

25 	[0100] [Evaluation of properties of the hydrodesulfurization catalysts] 

<Hydrodesulfurization activity test> 
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A reactor packed with one hydrodesulfurization catalyst was 

fixed to a fixed-bed flow hydrodesulfurization apparatus. Thereafter, 

pre-sulfurization of the catalyst was carried out by using hydrocarbon 

oil having a sulfur content concentration of 1% by mass under the 

	

5 	conditions of a catalyst layer average temperature of 300°C, a hydrogen 

partial pressure of 6.0 MPa, a liquid space velocity of 1.0 11-1  and a 

hydrogen/oil ratio of 200 NL/L, for 5 hours or longer. 

[0101] A raw material oil having the following properties was subjected 

to hydrodesulfurization using a hydrodesulfurization apparatus, 

	

10 	manufactured by Zytel Corp., by using the pre-sulfurized 

hydrodesulfurization catalyst. The hydrodesulfurization reaction was 

carried out under the following conditions. For each catalyst, the 

reaction rate constant at a reaction temperature of 350°C was 

determined and a relative desulfurization activity was calculated with 

	

15 	the reaction rate constant of the hydrodesulfurization catalyst a being 

taken to be 100. 

[0102] (Property of the raw material oil) 

Raw material oil: 	a straight-run gas oil (boiling point 

range: 215 to 363°C) 

	

20 	 Density at 15°C: 	0.8515 g/cm3  

Sulfur content: 	1.09% by mass 

Nitrogen content: 	120 ppm by mass 

[0103] (Reaction condition) 

Reaction temperature: 330°C (1 day to 3 days after the 

	

25 	operation startup) 

335°C (4 days to 6 days after the 
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operation startup) 

340°C (7 days to 9 days after the 

operation startup) 

345°C (10 days to 12 days after the 

	

5 	operation startup) 

350°C (13 days to 15 days after the 

operation startup) 

Liquid space velocity: 1.36 h[1  

Hydrogen pressure: 	6.0 MPa 

	

10 	 Hydrogen/oil ratio: 	200 NL/L 

[0104] <Stability test of hydrodesulfurization activity> 

A reactor packed with one hydrodesulfurization catalyst was 

fixed to a fixed-bed flow hydrodesulfurization apparatus. Thereafter, 

pre-sulfurization of the catalyst was carried out by using hydrocarbon 

	

15 	oil having a sulfur content concentration of 1% by mass under the 

conditions of a catalyst layer average temperature of 300°C, a hydrogen 

partial pressure of 4.5 MPa, a liquid space velocity of 1.0 W' and a 

hydrogen/oil ratio of 200 NL/L, for 5 hours or longer. 

[0105] A raw material oil having the following properties was subjected 

	

20 	to hydrodesulfurization using a hydrodesulfurization apparatus, 

manufactured by Zytel Corp., by using the pre-sulfurized 

hydrodesulfurization catalyst. The hydrodesulfurization reaction was 

carried out under the following conditions. For each catalyst, the 

reaction rate constants on 5 days and 20 days after the operation startup 

	

25 	were determined and the reaction rate constant on the 20 days thereafter 

was calculated with the reaction rate constant on the 5 days thereafter of 
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the each catalyst being taken to be 100. 

[0106] (Property of the raw material oil) 

Raw material oil: 	a straight-run gas oil (boiling point 

range: 215 to 363°C) 

	

5 	 Density at 15°C: 	0.8515 g/cm3  

Sulfur content: 	1.09% by mass 

Nitrogen content: 	120 ppm by mass 

[0107] 

	

	 (Reaction condition) 

Reaction temperature: 360°C 

	

10 	 Liquid space velocity: 	1.39 hr-1  

Hydrogen pressure: 	4.5 MPa 

Hydrogen/oil ratio: 	250 NL/L 

[0108] <Measurement of the pore volume (PV) of the 

hydrodesulfurization catalysts> 

	

15 	 The pore volume (PV) was measured and calculated by the 

pore-filling method using water. 

[0109] <Measurement of the specific surface area (SA) of the 

hydrodesulfurization catalysts> 

The specific surface area (SA) was measured and calculated by 

	

20 	the BET method using nitrogen adsorption by using the 

BERSORP-mini (manufactured by MicrotracBEL Corp., trade name) 

[0110] [Table 1] 
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Example 
1 

Example 
2 

Example 
3 

Example 
4 

Example 
5 

Comparative 
Example 1 

Comparative 
Example 2 

Comparative 
Example 3 

Carrier 
component 

(% by mass, 
on the basis 
of carrier) 

Si: in terms 
of 5102  

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

Ti: in terms 

° 	1 f TO 2  
20 20 25 15 20 10 30 20 

Al: in terms 
of A1203  

77  77 72 82 77 87 67 77 

Production 
method 

Addition 
completion 
time (min) 

30 30 30 30 30 30 30 90 

Aging 
temperature 

(°C) 
95 65 95 95 95 95 95 95 

Carrier  

property 

PV (mug) 0.59 0.61 0.55 0.60 0.59 0.62 0.52 0.55 

SA (m2/g) 308 317 293 314 308 336 267 272 

UV absorption edge 
wavelength (nm) 

346 351 359 335 346 326 379 365 

Metal 
component 

(% by mass, 
on the basis 
of catalyst) 

MoO3  20 20 20 20 20 20 20 20 

NiO 0 0 0 0 1.5 0 0 0 

CoO 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 

P2O5 (% by mass, on the 
basis of catalyst) 

2.5  
2.5 2.5 2.5 2.5 2.5 2.5 2.5 

Catalyst 
property 

PV (mug) 0.45 0.47 0.42 0.46 0.45 0.48 0.40 0.42 

SA (m2/g) 221 222 210 229 221 243 202 207 

Hydrodesulfurization 
act vity 

100 100 103 102 108 90 87 89 

Stability of 
hydrodesulfurization 

activity 
95% 93% 94% 93% 94% 85% 90% 87% 
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CLAIMS 

1. A hydrodesulfurization catalyst for hydrocarbon oil, the catalyst 

comprising: an inorganic oxide carrier comprising Si, Ti and Al; and at 

least one metal component, carried on the inorganic oxide carrier, being 

	

5 	selected from the group consisting of group 6 elements, group 8 

elements, group 9 elements and group 10 elements, 

wherein a content of Al in the inorganic oxide carrier is 50% by 

mass or higher in tenus of A1203; a content of Si therein is 1.0 to 10% 

by mass in terms of SiO2; and a content of Ti therein is 12 to 28% by 

	

10 	mass in terms of TiO2; and 

in the inorganic oxide carrier, an absorption edge wavelength of 

an absorption peak from Ti is 364 nm or shorter as measured by 

ultraviolet spectroscopy. 

2. The hydrodesulfurization catalyst according to claim 1, wherein 

	

15 	a specific surface area (SA) of the hydrodesulfurization catalyst is 150 

m2/g or larger, and a pore volume (PV) thereof is 0.30 ml/g or larger. 

3. The hydrodesulfurization catalyst according to claim 1 or 2, 

wherein the metal component comprises at least one selected from the 

group consisting of molybdenum, tungsten, cobalt and nickel. 

	

20 	4. 	The hydrodesulfurization catalyst according to any one of 

claims 1 to 3, wherein a content of the metal component is 1. to 35% by 

mass in terms of oxide. 

5. 	A method for producing the hydrodesulfurization catalyst 

according to any one of claims 1 to 4, the method comprising: 

	

25 	 a step of mixing a first aqueous solution comprising a mineral 

acid salt of titanium and an acidic aluminum salt with a second aqueous 
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solution comprising a basic aluminum salt to make a mixed liquid of pH 

6.5 to 9.5 to thereby obtain a carrier precursor deposited in the mixed 

liquid; 

a step of calcining the carrier precursor to obtain a carrier; and 

	

5 	 a step of making the carrier to carry at least one metal 

component selected from the group consisting of group 6 elements, 

group 8 elements, group 9 elements and group 10 elements to obtain the 

hydrodesulfurization catalyst, 

wherein the first aqueous solution and/or the second aqueous 

	

10 	solution comprises a silicate ion. 

6. The method according to claim 5, wherein the first aqueous 

solution is prepared at 60°C or lower. 

7. The method according to claim 5 or 6, wherein a period of time 

is 60 min or shorter from when the mineral acid salt of titanium and the 

	

15 	acidic aluminum salt are mixed until when the first aqueous solution 

and the second aqueous solution are mixed. 
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