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DESCRIPTION

Technical Field

[0001] The present invention relates to a hydrotreating catalyst that removes impurities such as sulfur and nitrogen in
hydrocarbon oils, to a method for producing the catalyst, and to a method for its use.

Background Art

[0002] With recent trends toward improving the earth's air environment, there has been a strong demand for even
higher performance of hydrotreating catalysts to be used in hydrorefining of distilled oils that are to serve primarily as
fuels. Common hydrotreating catalysts for hydrocarbon oils are inorganic heat-resistant supports such as alumina or
silica having molybdenum and a hydrogenation-active metal component such as cobalt or nickel supported on it by
firing. In recent years, however, various modifications have been made such as altering the support or changing the
method of supporting the catalyst metal, in order to achieve further increased catalyst performance.

[0003] PTL 1 discloses a hydrotreating catalyst comprising an active ingredient selected from among elements of
Groups 6B and 8 of the Periodic Table supported on an alkaline earth metal oxide-silica-alumina support with an
alkaline earth metal oxide of 0.1 to 10 wt%. However, because the area-to-weight ratio of this catalyst is high at 200

m2/g or greater, the mean pore diameter is narrow and diffusion in the catalyst pores of the hydrocarbon molecules is
inadequate, and therefore it cannot be satisfactorily applied to desulfurization of distilled oils in a wide boiling point
range.

[0004] In PTL 2 there is disclosed, as a catalyst for ultra-deep desulfurization of hydrocarbon oils, a catalyst having a
Group VIB metal, Group VIII metal, phosphorus and an organic additive present on a conventional oxide support.
However, scant specific information exists in regard to optimizing modification of the support and the properties of the
catalyst, and it is difficult to develop a catalyst with optimized desulfurization and denitrification activity based on PTL 2.

[0005] PTL 3 discloses a hydrodesulfurization/denitrification catalyst having a metal of Group Vla of Periodic Table, a
metal of Group VIl and a dihydric alcohol supported on an oxide support containing silica, magnesia and alumina.
However, the magnesia content of this catalyst is very high at 12 to 35 wt% of the support (calculated value), and
therefore it has a drawback in that it is difficult to control the pore properties and acidity of a support which has a silica
or alumina base.

[0006] PTL 4 relates to a hydrotreating catalyst for a carbon source raw material, comprising at least one type of metal
and a modifying agent in an amorphous silica-alumina catalyst support. Examples given of applicable catalyst supports
include silica-alumina-zirconia, silica-alumina-thorium oxide, silica-alumina-titanium oxide and silica-alumina-
magnesium oxide, but nothing is concretely disclosed regarding the method of production for and the composition of
such a ternary support.

Citation List

Patent Literature

[0007]
[PTL 1] JP 2000-5601 A
[PTL 2] JP 2000-313890 A

[PTL 3] JP 2001-310133 A
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[PTL 4] JP 2012-532212 A

Summary of Invention

Technical Problem

[0008] It is an object of the present invention to provide a catalyst having hydrotreating (hydrogenation, desulfurization
and denitrification) performance that is equal to or superior to the prior art, as a hydrotreating catalyst for hydrocarbon
oils, and a hydrotreating process for hydrocarbon oils using the catalyst.

Solution to Problem

[0009] The present inventors have conducted much diligent research in light of the aforementioned problems of the
prior art, with particular focus on efficient modification of the pore surface of the catalyst support and optimization of the
pore structure, and as a result we have completed this invention upon finding that a catalyst obtained by supporting a
hydrogenation-active component and an organic additive on a silica-alumina support comprising a specific amount of a
metal of Group 2 of the Periodic Table is highly effective for hydrotreating of hydrocarbon oils.

[0010] Specifically, the invention is a hydrotreating catalyst for hydrocarbon oils having at least one metal selected from
among metals of Group 6 of the Periodic Table, at least one metal selected from among metals of Groups 8 to 10 of the
Periodic Table, and an organic additive, supported on an inorganic porous carrier comprising at least one metal
selected from among metals of Group 2 of the Periodic Table, in addition to alumina and silica.

[0011] In the hydrotreating catalyst of the invention, the content of at least one metal selected from among metals of
Group 2 of the Periodic Table is 0.3 to 2 mass% of the oxide catalysts, and the silica content is 5 to 10 mass% of the

oxide catalysts. Also, the mean pore diameter is 10 to 20 nm, the area-to-weight ratio is 100 to 160 m?/g, and the total
pore volume is 0.3 to 0.6 ml/g.

[0012] The method for producing a hydrotreating catalyst for hydrocarbon oils according to the invention comprises
impregnating an inorganic porous carrier obtained by calcining a hydrate containing at least one metal selected from
among metals of Group 2 of the Periodic Table, in addition to alumina and silica, at 730 degrees C to 860 degrees C,
with an impregnating solution containing at least one metal selected from among metals of Group 6 of the Periodic
Table, at least one metal selected from among metals of Groups 8 to 10 of the Periodic Table and an organic additive,
and drying under conditions such that the organic additive remains on the catalyst at a weight reduction proportion of 3
to 60 mass%.

[0013] The hydrotreating process for a hydrocarbon oil according to the invention comprises contacting a hydrotreating
catalyst of the invention with a hydrocarbon oil under conditions with a reaction temperature of 300 degrees C to 450

degrees C, a hydrogen partial pressure of 1-20 MPa, a liquid hourly space velocity of 0.1-10 hr'! and a hydrogen/oil
ratio of 50 to 1,200 Nm3/kl.

Advantageous Effect of Invention

[0014] By using a hydrotreating catalyst of the invention it is possible to efficiently remove the impurities such as sulfur
and nitrogen from hydrocarbon oils and thereby upgrade the hydrocarbon oils, to a greater degree than with
conventional catalysts.
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Description of the Embodiments

(1) Support

[0015] The invention will now be explained in detail. The support to be used for the catalyst of the invention comprises
a specified amount of an oxide of a metal of Group 2 of the Periodic Table, with silica-alumina as the substrate. The
silica starting material used may be any of various types of silicon compounds such as alkali metal silicates,
alkoxysilanes, silicon tetrachloride, orthosilicates, silicone, silica sol, silica gel and the like. As the alumina starting
material there may be used aluminum hydroxides (bayerite, gibbsite, diaspore, boehmite, pseudoboehmite and the
like), chlorides, nitrates, sulfates, alkoxides, alkali aluminate metal salts and other inorganic salts, organic salts or
alumina sol. Starting materials for the oxide of the metal of Group 2 of the Periodic Table include oxides, chlorides,
hydroxides, hydrides, nitrates, carbonates, sulfates and organic acid salts. Magnesium, calcium, strontium and barium
may be used as elements of Group 2 of the Periodic Table, with magnesium and calcium being preferred, and
magnesium being especially preferred from the viewpoint of activity.

[0016] The silica-alumina-Group 2 metal oxide support is obtained by calcinig a silica-alumina hydrate containing a
Group 2 metal, prepared by a coprecipitation method or kneading method. The hydrate may be prepared by any of
various methods, such as coprecipitation of the silica and alumina starting materials and the Group 2 metal compound,
kneading of an alumina hydrate, silicon compound and Group 2 metal compound, mixing of an alumina-Group 2 metal
hydrate and a silicon compound, or mixing of a silicon compound-Group 2 metal and kneading of an alumina hydrate.
The silica component after loading of the hydrogenation-active metal and an organic additive on the silica-alumina-
Group 2 metal oxide support to produce a catalyst, is 3 to 12 mass%, preferably 5 to 10 mass% and more preferably 6
to 9 mass% of the oxide catalysts.

On the other hand, the oxide of the metal of Group 2 of the Periodic Table is 0.3 to 2 mass%, preferably 0.4 to 1.8
mass% and more preferably 0.5 to 1.5 mass% of the oxide catalysts.

[0017] The silica-alumina hydrate containing the metal of Group 2 of the Periodic Table is subjected to peptization
procedure with addition of an aqueous solution of hydrochloric acid, sulfuric acid, nitric acid an organic acid (formic
acid, acetic acid, propionic acid, oxalic acid, malonic acid, malic acid, tartaric acid, citric acid, gluconic acid or the like),
ammonia or sodium hydroxide to control the pore structure as necessary, kneaded to improve the moldability, and then
molded to the desired shape (pellets, spheres, an extruded body or the like). The molded article will usually be calcined
in air at a temperature of 730 degrees C to 860 degrees C (not the atmospheric temperature but rather the
temperature of the molded article), preferably 740 degrees C to 850 degrees C and more preferably 750 degrees C to
840 degrees C, for 0.1 to 3 hours and preferably 0.5 to 2 hours, to produce a support.

[0018] The hydrogenation-active component and organic additive are added to the support obtained by the steps
described above, and drying treatment is carried out to load them on the support. The method of addition is not
particularly restricted, and for example, various industrial methods such as impregnation, coating or spraying may be
applied, although impregnation methods are preferred from the viewpoint of manageability and addition efficiency. The
impregnation methods of adsorption, equilibrium adsorption, pore filling, incipient wetness, evaporation to dryness and
spraying may all be applied according to the invention, but pore filling is preferred from the viewpoint of manageability.
There are no particular restrictions on the order of adding the hydrogenation-active component and the organic
additive, and they may be added in succession or simultaneously. For an impregnation method, a solution of each of
the components dissolved in different polar organic solvents, water or water-polar organic solvent mixtures may be
used, although the most preferred solvent is water.

(2) Loaded components

[0019] At least one element selected from among chromium, molybdenum and tungsten may be the element of Group
6 of the Periodic Table among the hydrogenation-active components to be loaded. These elements may be used alone,
in which case molybdenum and tungsten, and especially molybdenum, are preferred from the viewpoint of economy
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and activity. They may also be used in combination, depending on the reactivity of the feedstock and the operating
conditions of the reactor. When a combination is to be employed, examples include chromium-molybdenum, chromium-
tungsten, molybdenum-tungsten and chromium-molybdenum-tungsten.

[0020] The loading weight is 10 to 40 mass%, preferably 15 to 35 mass% and even more preferably 20 to 30 mass% of
the oxide catalysts, as the total oxides of Group 6 elements of the Periodic Table. At less than 10 mass% the catalytic
activity is low, while there is no commensurate increase in activity at greater than 40 mass%. The starting material for
the element of Group 6 of the Periodic Table may be a chromate, molybdate, tungstate, trioxide, halide, heteropolyacid,
heteropolyacid salt, or the like.

[0021] The element of Groups 8 to 10 of the Periodic Table in the hydrogenation-active component may be iron, cobalt
or nickel. These elements may be used each alone, with cobalt and nickel being preferred from the viewpoint of
economy and activity. They may also be used in combination, depending on the reactivity of the feedstock and the
operating conditions of the reactor. Examples of combinations include iron-cobalt, iron-nickel, cobalt-nickel and iron-
cobalt-nickel.

[0022] The loading weight is 0.5 to 15 mass%, preferably 1 to 10 mass% and even more preferably 2 to 6 mass% of
the oxide catalysts, as the total oxides of Group 8-10 elements of the Periodic Table. The catalytic activity is insufficient
with a loading weight of less than 0.5 mass%, while there is no increase in activity at greater than 15 mass%. The iron,
cobalt and nickel compounds used for loading may be oxides, hydroxides, halides, sulfates, nitrates, carbonates,
organic acid salts or the like. When an impregnating solution of the hydrogenation-active component is to be prepared,
the element of Group 6 of the Periodic Table and element of Groups 8 to 10 of the Periodic Table may be prepared
each separately, or both may be mixed as a homogeneous solution.

[0023] In order to adjust the pH of the solution and increase the solution stability and catalyst hydrogenation activity,
ammonia water, hydrogen peroxide water, nitric acid, sulfuric acid, hydrochloric acid, phosphoric acid, hydrofluoric acid
or the like may be added to the impregnating solution of the hydrogenation-active component, as necessary.
Phosphoric acid may be added as a catalyst component, in which case the range of addition is 0.5 to 15 mass%,
preferably 1 to 10 mass% and even more preferably 2 to 8 mass% of the oxide catalysts, as phosphorus oxides.
Phosphoric acids that may be added include orthophosphoric acid, pyrophosphoric acid, metaphosphoric acid,
phosphonic acid, diphosphonic acid, phosphinic acid and polyphosphoric acid, as well as their organic salts and
inorganic salts. All or part of the phosphoric acid amount may also be added during the process of preparing the silica-
alumina-Group 2 metal oxide support, instead of being added to the impregnating solution of the hydrogenation-active
component.

[0024] The organic additive is a water-soluble organic compound as mentioned below, and it is selected from among
polyhydric alcohols and their ethers, esters of polyhydric alcohols or ethers, saccharides, carboxylic acids and their
salts, amino acids and their salts, and various chelating agents.

[0025] Examples of polyhydric alcohols and their ethers include polyhydric alcohols such as ethylene glycol, diethylene
glycol, triethylene glycol, propylene glycol, isopropylene glycol, dipropylene glycol, tripropylene glycol, butanediols (1,2-,
1,3-, 1,4-, 2,3-), pen-tanediols (for example, 1,5-, including other isomers), 3-methyl-1,5-pentanediol, neopentyl glycol,
hexanediol (for example, 1,2- and 1,6-, including other isomers), hexylene glycol, polyvinyl alcohol, polyethylene glycol
(average molecular weight: 200-600), polypropylene glycol (only water-soluble), glycerin, trimethylolethane,
trimethylolpropane, hexanetriol (for example, 1,2,6-, including other isomers), erythritol and pentaerythritol, as well as
their ethers (monoethers, diethers and triethers selected from among methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
secondary butyl and tertiary butyl ethers, and their combinations, that are water-soluble).

[0026] Examples of esters of polyhydric alcohols or ethers include esters of the aforementioned polyhydric alcohols or
ethers (monoesters, diesters and triesters with formic acid, acetic acid and the like, that are water-soluble).

[0027] Examples of saccharides include saccharides such as glucose, fructose, isomerized sugars, galactose, maltose,
lactose, sucrose, trehalose, starch, dextrin, pectin, glycogen, curdlan and the like.

[0028] Examples of carboxylic acids and their salts include carboxylic acids such as formic acid, acetic acid, propionic
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acid, oxalic acid, malonic acid, succinic acid, maleic acid, fumaric acid, tartaric acid, citric acid (anhydride,
monohydrate), malic acid, gluconic acid and glutaric acid, and salts thereof.

[0029] Examples of amino acids and their salts include amino acids such as aspartic acid, alanine, arginine, glycine and
glutamic acid, and salts thereof.

[0030] Examples of different chelating agents include various chelating agents such as ethylenediamine (EDA),
diethylenetriamine (DETA), triethylenetetramine (TETA), tetraethylenepentamine (TEPA), pentaethylenehexamine
(PEHA), ethylenediaminetetraacetic acid (EDTA), hydroxyethylethylenediaminetriacetic acid (HEDTA),
diethylenetriaminepentaacetic acid (DTPA), triethyltetraminehexaacetic acid (TTHA), hydroxyethyliminodiacetic acid
(HIDA), 1,3-propanediaminetetraacetic acid (PDTA), 1,3-diamino-2-hydroxypropanetetraacetic acid (PDTA-OH), trans-
1,2-cyclohexanediaminetetraacetic acid (CyDTA), glycol etherdiaminotetraacetic acid (GEDTA), nitrilotriacetic acid
(NTA), dihydroxyethylglycine (DHEG) and (S,S)-ethylenediamine-N,N'-disuccinic acid (EDDS).

The organic additives may be used alone or in appropriate combinations.

[0031] The amount of organic additives to be added is 0.05 to 3 times, preferably 0.08 to 2.8 times and most preferably
0.1 to 2.5 times the total number of moles of the element of Group 6 of the Periodic Table and the element of Groups 8
to 10 of the Periodic Table. At less than a 0.03-fold molar amount, no catalyst performance-improving effect will be
seen. Also, no further increase in activity is obtained with a greater than 3-fold molar amount.

[0032] In relation to addition of the hydrogenation-active component, there are no restrictions on the order of adding
the hydrogenation-active component and the organic additive. That is, it maybe added as a separate solution either
before or after addition of the hydrogenation-active component, or it may be added simultaneously as a homogeneous
solution with the hydrogenation-active component. Also, the hydrogenation-active component solution, organic additive
solution or their homogeneous solution may be added at once or separated into several additions, depending on the
viscosity of the solution and the pore volume (water absorption volume) of the support.

[0033] After addition of the hydrogenation-active component and organic additive has been finished, the drying
treatment described below may be carried out to obtain the complete catalyst having an element of Group 6 of the
Periodic Table, an element of Groups 8 to 10 of the Periodic Table and an organic additive supported on a support. By
completing loading of the components at the drying treatment, without firing, it is possible to obtain a catalyst having
more excellent activity than a conventional fired catalyst.

[0034] In the drying treatment, preferably the organic additive does not change the basic backbone structure (without
considering addition or dissociation of water of hydration, hydrogen ions, hydroxide ions, ammonium ions or the like),
and at least a portion thereof participates in interaction with the hydrogenation-active component (by intermolecular
forces, hydrogen bonding, covalent bonding, ionic bonding, coordination bonding or the like) and remains.

[0035] As a general rule for the proportion of remaining organic additives, the weight reduction proportion is preferably
in the range of 3 to 60 mass%, more preferably 4 to 55 mass% and most preferably 5 to 50 mass%, when the complete
catalyst has been heated in air at 550 degrees C for 1 hour. If the weight reduction proportion is not at least 3 mass%,
volatilization or decomposition of the supported organic additive will occur and interaction with the hydrogenation-active
metal component will be insufficient, such that no increase in catalytic activity will be seen. If it exceeds 60 mass%, the
organic additive will flow out with the large amount of water produced during the pre-sulfurization step, such that no
increase in catalytic activity can be expected.

[0036] There are no particular restrictions on the drying method so long as it can maintain the interaction between the
organic additive and the hydrogenation-active component. For example, various industrial methods may be applied,
such as convection heat drying in air or an inert gas (hot air drying), radiant heat drying (infrared or far-infrared drying),
conductive heat drying, microwave drying, freeze-drying, reduced pressure drying, and the like. There are also no
particular restrictions on the drying conditions, which may be appropriately set depending on the volatilization and
decomposition conditions of the organic additive. Hot air drying is the most convenient drying method, in which case the
conditions may be in air or an inert gas (nitrogen gas, rare gas, carbon dioxide gas, low-oxygen atmosphere or the
like), with a temperature and drying period such that the basic backbone of the organic additive is not altered, such as
30 degrees C to 250 degrees C (not the atmosphere temperature but rather the material temperature of the dried
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product), preferably 50 degrees C to 220 degrees C and more preferably 80 degrees C to 200 degrees C, for 0.1 to 3
hours. The material temperature at the production stage of the catalyst of the invention is measured with a
thermocouple, for example, by any method used by those skilled in the art.

(3) Properties of completed catalyst

[0037] In order for the completed catalyst to exhibit satisfactory catalyst performance, it preferably has the following
physical properties and pore structure. Specifically, the mean pore diameter is 9 to 20 nm, preferably 10 to 18 nm and
more preferably 11 to 16 nm. If the mean pore diameter is less than 9 nm, diffusion of the hydrocarbon oil in the pores
will be insufficient, and if it exceeds 20 nm the specific surface area will be reduced, thereby lowering the catalyst
performance.

[0038] Also, the total pore volume is preferably 0.3 to 0.6 ml/g and more preferably 0.4 to 0.5 ml/g. At 0.3 ml/g or less,
diffusion of the hydrocarbon oil in the pores will be insufficient, and at greater than 0.6 ml/g, the absolute mass of the
catalyst will be lighter (the catalytic active components will be reduced) when the catalyst has been filled into the
reactor, thereby resulting in inadequate catalyst performance.

[0039] The standard for homogeneity of the catalyst pores is that the pore structure is preferably such that proportion
of the volume of pores with diameters in the range of plus or minus 1.5 nm of the mean pore diameter is 20% to 60%
and preferably 22% to 58% of the total pore volume. If it is less than 20%, there will be an increased proportion of fine
pores that do not participate in the reaction, and also large pores with low surface area, while if it is greater than 60%,
this will inhibit diffusion in the pores of the hydrocarbon oil that has a relatively large molecular size, potentially lowering
the catalytic activity. The pore size distribution of the catalyst of the invention is the monomodal distribution centered

around the mean pore diameter and its vicinity. The specific surface area is preferably 100 to 170 m2/g, the range
being more preferably 110 to 160 m2/g and even more preferably 115 to 150 m2/g. At less than 100 m2/g the catalyst

performance will be inadequate, and at greater than 170 m2/g the mean pore diameter will be too small, thereby
tending to result in plugging of the pores during the reaction.

[0040] The pore structure (pore volume, mean pore diameter, pore size distribution, etc.) is the value obtained by
mercury porosimetry (contact angle: 140 degrees, surface tension: 480 dyn/cm), and the specific surface area is the
value obtained by the BET method. For measurement of the pore structure and specific surface area of the complete
catalyst and determination of the loading weight of the hydrogenation-active component, the complete catalyst is used
after treatment in air at 450 degrees C for 1 hour to remove the water and organic materials, and the analysis and
measurement values obtained here are based on the oxide catalysts. A fluorescent X-ray analyzer was used for
quantitation of the hydrogenation-active components and the constituent components of the support.

[0041] The catalyst is used after a pre-sulfurization procedure, and the pre-sulfurization procedure may be conducted
either inside or outside the reactor. The pre-sulfurization method employed may be sulfidizing with a liquid phase using
a kerosene or gas oil fraction containing sulfur in a heated state under a hydrogen atmosphere, or using an appropriate
amount of a sulfidizing agent such as carbon disulfide, butanethiol, dimethyl disulfide (DMDS) or ditertiary
nonylpolysulfide (TNPS) added to such an oil, or a gas phase sulfurization method using hydrogen sulfide or carbon
disulfide as the sulfidizing agent in a heated hydrogen stream.

(4) Hydrocarbon oil

[0042] The hydrocarbon oil for hydrotreating by a catalyst of the invention is a distilled oil with a 90% boiling point
temperature of no higher than 560 degrees C and preferably no higher than 540 degrees C and an initial boiling point
of 100 degrees C or higher and preferably 150 degrees C or higher, based on extension of the procedure of ASTM D-
2887 or D-2887.

[0043] Specific examples include mainly petroleum-based naphtha, straight-run kerosene, straight-run gas oil, heavy
gas oil, vacuum gas oil and heavy vacuum gas oil, but also included are kerosene and gas oil fractions (light cycle oil or
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coker gas oil) obtained from hydrocrackers, thermal crackers or fluidized catalytic crackers and kerosene and gas oll
fractions from heavy oil direct desulfurizers, as well as kerosene and gas oil-corresponding fractions from coal or from
animal and vegetable biomass and any blended oils comprising the aforementioned fractions.

[0044] The metal content for vanadium or nickel in the feedstock to be treated is no greater than 5 ppm by weight and
preferably no greater than 1 ppm by weight and the carbon residue content is no greater than 1 mass% and preferably
no greater than 0.9 mass%, but the distilled oil may also be mixed with heavy oil such as vacuum gas oil, atmospheric
residue, vacuum residual oil, solvent extracted oil, coal liquefied oil, shale oil or tar sand oil, and treated so that the
metal and 1 carbon residue contents mentioned above are satisfied.

(5) Hydrotreating process

[0045] The hydrotreating catalyst of the invention may be used in various hydrotreatment reactions in which the
aforementioned hydrocarbon oils are subjected to hydrogenation, hydrodesulfurization, hydrodenitrification,
hydrodeoxygenation, hydrocracking, hydroisomerization or the like in the presence of hydrogen, in a reactor such as a
fixed bed, ebullating bed or moving bed. A more preferred use for the hydrotreating catalyst of the invention is
desulfurization or denitrification of a petroleum-based distilled oil, and especially reduction of the sulfur content in a
kerosene or gas oil fraction to no greater than 80 ppm by weight and more preferably no greater than 10 ppm by
weight.

[0046] For use in a hydrotreating apparatus, the reaction conditions will depend on the type of feedstock but will
generally be a hydrogen partial pressure of 1 to 20 MPa and preferably 3 to 18 MPa, a hydrogen/oil ratio of 50 to 1,200

Nm3/kl and preferably 100 to 1,000 Nm3kl, a liquid hourly space velocity of 0.1 to 10 h™! and preferably 0.5 to 8 h -1,
and a reaction temperature of 300 degrees C to 450 degrees C and preferably 320 degrees C to 430 degrees C.

Examples

[0047] The invention will now be explained in greater detail by the following examples. However, the invention is not
limited to the examples in any way.

(Catalyst preparation)

Example 1

[0048] Aluminum sulfate, sodium aluminate and water glass were added to a tank containing warm tap water and
mixed to prepare a silica-alumina hydrate gel (silica/alumina weight ratio: 8.5/91.5). The hydrate was separated from
the solution and warm water was used for cleaning removal of the impurities, after which nitric acid was added, and
then magnesium carbonate (0.5 mass% magnesium oxide based on oxide catalyst) was added and a kneader was
used for hot kneading to adjust the water content, following which the mixture was subjected to extrusion molding and
calcined in air at 780 degrees C for 1.5 hours to obtain a silica-alumina-magnesia support. The support was
impregnated with an aqueous solution containing molybdenum trioxide, basic cobalt carbonate and phosphoric acid to
22 mass% of molybdenum trioxide, 4 mass% of cobalt oxide and 3 mass% of phosphorus oxide based on the oxide
catalyst, with citric acid monohydrate and polyethylene glycol (average molecular weight: 200) as organic additives (the
organic additives being added at 0.1 mol and 0.3 mol of citric acid monohydrate and polyethylene glycol, respectively,
to the total number of moles of molybdenum and cobalt), and hot air drying treatment was carried out in air for 2 hours
under conditions with an impregnated support temperature of 120 degrees C, to obtain catalyst A. The physical
properties and chemical composition of catalyst A are shown in Table 1.

Example 2
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[0049] Catalyst B was prepared by the same method as Example 1, except that the organic additives citric acid
monohydrate and polyethylene glycol (average molecular weight: 200) in Example 1 were used at 0.05 mole each to
the total number of moles of molybdenum and cobalt. The physical properties and chemical composition of catalyst B
are shown in Table 1.

Example 3

[0050] Catalyst C was prepared by the same method as Example 1, except that the amount of magnesium carbonate
added was 0.8 mass% as magnesium oxide based on the oxide catalyst. The physical properties and chemical
composition of catalyst C are shown in Table 1.

Example 4

[0051] Catalyst D was prepared by the same method as Example 1, except that calcium carbonate was used instead of
magnesium carbonate. The physical properties and chemical composition of catalyst D are shown in Table 1.

Example 5

[0052] After placing silica sol and pseudoboehmite powder in a kneader (silica/alumina mass ratio: 8.5/91.5), loading in
magnesium carbonate (0.5 mass% of magnesium oxide based on the oxide catalyst), ion-exchanged water and citric
acid and kneading, the mixture was subjected to hot kneading to adjust the water content, and then the mixture was
subjected to extrusion molding and calcined in air at 780 degrees C for 1.5 hours to obtain a silica-alumina-magnesia
support. The support was impregnated with an aqueous solution containing molybdenum trioxide, basic nickel
carbonate and phosphoric acid to 22 mass% of molybdenum trioxide, 4 mass% of nickel oxide and 5 mass% of
phosphorus oxide based on the oxide catalyst, with diethylene glycol as an organic additive (the organic additive being
added at 0.4 mol to the total number of moles of molybdenum and nickel), and hot air drying treatment was carried out
in air for 2 hours under conditions with an impregnated support temperature of 120 degrees C, to obtain catalyst E. The
physical properties and chemical composition of catalyst E are shown in Table 1.

(Comparative Example 1)

[0053] Aluminum sulfate and sodium aluminate were added to a tank containing warm tap water and mixed to prepare
an alumina hydrate. The hydrate was separated from the solution and warm water was used for cleaning removal of
the impurities, after which nitric acid was added, and then a kneader was used for hot kneading to adjust the water
content, following which the mixture was subjected to extrusion molding and calcined in air at 680 degrees C for 1.5
hours to obtain an alumina support. The support was impregnated with an aqueous solution containing molybdenum
trioxide, basic cobalt carbonate and phosphoric acid to 22 mass% of molybdenum trioxide, 4 mass% of cobalt oxide
and 3 mass% of phosphorus oxide based on the oxide catalyst, with citric acid monohydrate and polyethylene glycol
(average molecular weight: 200) as organic additives, (the organic additives being added at 0.1 mol and 0.3 mol of
citric acid monohydrate and polyethylene glycol, respectively, to the total number of moles of molybdenum and cobalt),
and hot air drying treatment was carried out in air for 2 hours under conditions with an impregnated support
temperature of 120 degrees C, to obtain catalyst F. The physical properties and chemical composition of catalyst F are
shown in Table 1.

(Comparative Example 2)

[0054] Catalyst G was prepared by the same method as Example 1, except that the magnesium carbonate in Example
1 was not used, and the extruded article of silica-alumina hydrate was calcined at 890 degrees C. The physical
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properties and chemical composition of catalyst G are shown in Table 1.

(Comparative Example 3)

[0055] Catalyst H was prepared by the same method as Example 1, except that the amount of magnesium carbonate
added in Example 1 was 2.1 mass%. The physical properties and chemical composition of catalyst H are shown in
Table 1.

(Comparative Example 4)

[0056] Pseudoboehmite powder, ion-exchanged water and nitric acid were loaded into the kneader and thoroughly
kneaded and then hot kneaded to adjust the water content, after which the mixture was subjected to extrusion molding
and calcined in air at 680 degrees C for 1.5 hours to obtain an alumina support. The support was impregnated with an
aqueous solution containing molybdenum trioxide, basic nickel carbonate and phosphoric acid to 22 mass% of
molybdenum trioxide, 4 mass% of nickel oxide and 5 mass% of phosphorus oxide based on the oxide catalyst, with
diethylene glycol as an organic additive (the organic additive being added at 0.4 mol to the total number of moles of
molybdenum and nickel), and hot air drying treatment was carried out in air for 2 hours under conditions with an
impregnated support temperature of 120 degrees C, to obtain catalyst |. The physical properties and chemical
composition of catalyst | are shown in Table 1.

[Table 1]

[0057]
Table 1 Properties of prepared catalysts

Example {Example {Example {Example {Examplej Comp. { Comp. { Comp. § Comp.
1 2 3 4 5 Ex. 1 Ex. 2 Ex. 3 Ex. 4
Catalyst {Catalyst {Catalyst {Catalyst {Catalyst {CatalystjCatalystjCatalystiCatalyst
A B C D E F G H I
MoO3 mass%{22.2 221 22.0 220 221 221 221 221 222
CoO mass% {4.1 4.0 4.2 4.0 - 4.0 4.0 4.0 -
NiO mass% {- - - 3.9 - - - 4.1
P20s5 mass%{3.0 3.0 3.1 3.0 5.0 3.0 3.0 3.0 5.1
SiOy mass% 6.1 6.0 6.0 59 6.0 - 6.1 6.1 -
MgO mass%{0.5 0.5 0.8 - 0.5 - - 21 -
CaO mass%{- - - 0.5 - - - - -
AlO3 mass% jBalance {Balance {Balance {Balance {Balance {BalancejBalancejBalance{Balance
Mass mass%{14.7 5.6 14.3 14.4 14.3 14.5 14.2 14.6 14.5
reduction
ratio
Total ml/g 0.42 0.42 0.43 0.43 0.37 0.44 0.38 0.43 0.34
pore
volume
Mean nm 13.8 13.9 14.0 12.4 14.0 121 11.4 14.2 13.8
pore
diameter
Specific im2g {136 133 132 145 116 176 122 124 122
surface
area
Pore % 33 33 35 42 56 68 70 18 43
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Example {Example {Example {Example jExamplej Comp. { Comp. { Comp. { Comp.
1 2 3 4 5 Ex. 1 Ex. 2 Ex. 3 Ex. 4

Catalyst {Catalyst {Catalyst {Catalyst {Catalyst jCatalystijCatalystijCatalystiCatalyst
A B C D E F G H I

volume
ratio?)

1) The ratio of volume of pores with mean pore diameter of £1.5 nm with respect to total pore volume
was determined.

[0058] The test results are shown in Table 6.

(Hydrogenation activity test)

1. Gas oil hydrotreating test

[0059] After packing each of the catalysts of Examples 1 to 4 and Comparative Examples 1 to 3 into a fixed bed
miniflow reactor, it was subjected to pre-sulfurization with a sulfurized oil obtained by adding dimethyl disulfide to each
of the gas oil listed in Table 2 (corresponding to 2.5 mass% as the total sulfur content), and then it was switched to the
feedstock listed in Table 2, and hydrotreating testing was conducted under the conditions listed in Table 3. The sulfur
content of each product oil obtained by the test was measured by the fluorescent X-ray method and the specific activity
per volume was determined based on formulas (1) and (2). The test results are shown in Table 6.

[Table 2]
[0060]
Table 2 Gas oil properties
Sulfur mass% 1.20
Nitrogen ppm 109
Density glem3@15°C 0.8415
Distillation properties*)
IBP °C 180
50% °C 275
90% °C 347
FBP °C 380

*) According to method of ASTM D-2887

[Table 3]

[0061]

Table 3 Activity test conditions 1

Hydrogen partial pressure MPa 5.0
Reaction temperature °C 340
Hydrogen/oil ratio NI/I 200
LHSV h-1 15
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iPeriod H 1250

Formula 1

[0062]
Spacitic activity = (k of Examples 1 to 4, Coxparatiwve
Ixzmp_es 1 to 3/ k of Comparatisc Exemple 1) » 100 formala

18]

Hydeodasul furization reaction: k = LASY/ (n-1) x (1AY T H=17%
=ty formiala (2)

(n£l)

[0063] In the formula, LHSV is the liquid hourly space velocity, k is the reaction rate constant, n is the reaction order, X
is the sulfur mass ratio in the feedstock and Y is the sulfur mass ratio in the product oil.

2. Vacuum gas oil hydrotreating test

[0064] After packing each of the catalysts of Example 5 and Comparative Example 4 into a fixed bed miniflow reactor, it
was subjected to pre-sulfurization with a sulfurized oil obtained by adding dimethyl disulfide to the gas oil in Table 2
(corresponding to 2.5 mass% as the total sulfur content), and then it was switched to the feedstock listed in Table 4 and
vacuum gas oil hydrotreating testing was conducted under the conditions listed in Table 5. The sulfur content of each
product oil obtained by the test was measured by the fluorescent X-ray method, the nitrogen content was measured by
oxidative decomposition chemiluminescence, and the specific activity per volume was determined based on formulas
(3) to (5). The evaluation results are shown in Table 7.

[Table 4]
[0065]
Table 4 Vacuum gas oil properties
Sulfur mass% 1.91
Nitrogen ppm 781
Vanadium ppm <1
Nickel ppm <1
Residual carbon mass% 0.86
Kinematic viscosity cSt@50°C 39.9
Density glem3@15°C 0.9168
Distillation properties*)
IBP °C 31
50% °C 449
90% °C 535
FBP °C 572

*) Based on extension of ASTM D-2887 method

[Table 5]
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[0066]

Table 5 Activity test conditions 2
Hydrogen partial pressure MPa 6.0
Reaction temperature °C 375
Hydrogen/oil ratio NI/I 1000
LHSV h-1 1.0
Period H 120
Formula 2

[0067]

Spcecific activity = (k of Example 4 and Comvarative Example

4) /k cf Comparative Example 41 x 100 formula {3)

Hydrodesulfurization reac-ion: k — LHSV/{n=1}) x (1/y a1 /x

=1,

i formula (4)

(n#1)

Hydrodenitrification reaction: k = LHSV x 1n{(X/Y) formula

[0068] In the formula, LHSV is the liquid hourly space velocity, k is the reaction rate constant, n is the reaction order, X
is the sulfur or nitrogen mass ratio of the feedstock and Y is the sulfur or nitrogen mass ratio of the product oil. The
denotation "In" is the natural logarithm.

[Table 6]
Example 1 §{ Example 2 { Example 3 { Example 4 { Comp. Ex. { Comp. Ex. { Comp. Ex.
Catalyst A { Catalyst B { Catalyst C { Catalyst D { 1 Catalyst { 2 Catalyst { 3 Catalyst
F G H
Desulfurization 122 116 118 114 100 120 82
specific activity
Energy 110 110 110 110 100 160 110
consumption
index
Desulfurization reaction order: 1.3rd order

[0069] The energy consumption indexes in Table 6 are based on 100 as the ratio of the numerical values of Examples
1 to 4 and Comparative Examples 1 to 3 with respect to the numerical value of Comparative Example 1, with
conversion of the fuel required for preparation of the catalyst and the electric energy to heat.

[Table 7]

[0070]
Table 7 Vacuum gas oil test results

Example 5 Catalyst E
104

Comp. Ex. 4 Catalyst |
100

Desulfurization specific activity
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Example 5 Catalyst E Comp. Ex. 4 Catalyst |
Denitrification specific activity 106 100
Energy consumption index 110 100

Desulfurization reaction order: 1.3rd order
Denitrification reaction order: First order

[0071] The energy consumption indexes in Table 7 are based on 100 as the ratio of the numerical values of
Comparative Example 4 and Example 5 with respect to the numerical value of Comparative Example 4, with conversion
of the fuel required for preparation of the catalyst and the electric energy to heat.

[0072] The hydrotreating test results for the gas oil and vacuum gas oil (Tables 7 and 8) show that hydrotreating
catalysts using silica-alumina-Group 2 metal oxide supports according to the invention exhibited superior
hydrodesulfurization and hydrodenitrification activity compared to catalysts employing conventional alumina-based
supports.

[0073] The catalyst of Comparative Example 2 employed a silica-alumina support that did not contain a metal of Group
2 of the Periodic Table, but its gas oil desulfurization activity was roughly equivalent to the examples. However, a high
calcining temperature is necessary in the support-production process in order to obtain a catalyst with the same pore
structure as the example catalysts, and this is disadvantageous as the relative energy costs increase for commercial
production.

[0074] The catalyst of the present invention has higher catalytic activity than the prior art, and is also a highly
economical catalyst that minimizes energy consumption for its production.
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PATENTIKRAYV

1. Hydrogenbehandlingskatalysator til carbonhydridolier med mindst ét metal udvalgt
blandt metaller i gruppe 6 i det periodiske system, mindst ét metal udvalgt blandt metaller
i grupperne 8 til 10 i det periodiske system, og et organisk tilseetningsstof, anbragt pa et
uorganisk porgst beerestof omfattende mindst ét metal udvalgt blandt metaller i gruppe 2 i
det periodiske system, ud over aluminiumoxid og siliciumdioxid, hvor indholdet af mindst
ét metal udvalgt blandt metallerne i gruppe 2 i det periodiske tabel er 0,3 til 2 % efter
masse af oxidkatalysatorerne, siliciumdioxidindholdet er 3 til 12 % efter masse af oxidka-
talysatorerne, den gennemsnitlige porediameter ved kviksglvporgsimetri er 9 til 20 nm, det
specifikke BET-overfladeareal er 100 til 170 m?/g, og det totale porevolumen ved kviksglv-
porgsimetri er 0,3 til 0,6 ml/g som bestemt efter behandling i luft ved 450 grader Ci 1
time; hvor det organiske oplgsningsmiddel er en vandoplgselig organisk forbindelse ud-
valgt fra gruppen bestdende af polyvalente alkoholer og deres ethere, estere af polyvalen-
te alkoholer eller ethere, saccharider, carboxylsyrer og deres salte, aminosyrer og deres
salte og chelateringsmidler.

2. Hydrogenbehandlingskatalysator ifglge krav 1, hvor indholdet af organiske tilseet-
ningsstoffer er 0,05 til 3 gange det samlede antal mol af grundstoffer fra gruppe 6 i det
periodiske system og grundstoffer fra grupperne 8 til 10 i det periodiske system.

3. Hydrogenbehandlingskatalysator ifglge et hvilket som helst af kravene 1 til 2, hvor
metallet fra gruppe 2 i det periodiske system er magnesium eller calcium, metallet fra
gruppe 6 i det periodiske system er molybdaen eller wolfram, og metallet fra grupperne 8
til 10 i det periodiske system er kobolt og/eller nikkel.

4. Hydrogenbehandlingskatalysator ifglge et hvilket som helst af kravene 1 til 3, hvor
phosphorsyre som en katalysatorbestanddel holdes ved 0,5 til 15 % efter masse som
phosphoroxider af oxidkatalysatorerne som bestemt efter behandling i luft ved 450 grader
Ci1l time.

5. Fremgangsmade til fremstilling af en hydrogenbehandlingskatalysator til carbon-
hydridolier ifglge et hvilket som helst af kravene 1 til 4, hvilken fremgangsmade omfatter
at impraegnere et uorganisk porgst baerestof opndet ved at kalcinere et hydrat indeholden-
de mindst ét metal udvalgt blandt metaller i gruppe 2 i det periodiske system, ud over
aluminiumoxid og siliciumdioxid, ved 730 grader C til 860 grader i 0,1 til 3 timer, med en
impraegneringsoplgsning indeholdende mindst ét metal udvalgt blandt metaller i gruppe 6 i
det periodiske system, mindst ét metal udvalgt blandt metaller i grupperne 8 til 10 i det
periodiske system, og det organiske tilseetningsstof, og at tgrre under betingelser, saledes
at det organiske tilsaetningsstof forbliver pa katalysatoren i en vaegtreduktionsandel pa 3 til
60 % efter masse som bestemt, ndr den fuldstaendige katalysator har veeret opvarmet i
luften til 550 grader Ci 1 time.

6. Fremgangsmade til fremstilling af en hydrogenbehandlingskatalysator ifglge krav
5, hvor metallet i gruppe 2 i det periodiske system er magnesium eller kalcium, metallet i

gruppe 6 i det periodiske system er molybdeen eller wolfram, og metallet i grupperne 8 til
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10 i det periodiske system er kobolt og/eller nikkel.

7. Fremgangsmade til hydrogenbehandling af en carbonhydridolie, hvilken frem-
gangsmade omfatter at bringe en carbonhydridolie i kontakt med en hydrogenbehand-
lingskatalysator ifglge et hvilket som helst af kravene 1 til 4 under betingelser med en re-
aktionstemperatur pa 300 grader C til 450 grader C, et hydrogenpartialtryk pa 1-20 MPa,
en vaesketimerumhastighed pa 0,1-10 t! og et hydrogen/olie-forhold pa 50 til 1200
Nm3/kl.

8. Fremgangsmade til hydrogenbehandling ifglge krav 7, hvor carbonhydridolien er
en destilleret olie udvalgt fra gruppen bestdende af raoliebaseret nafta, direkte destilleret
petroleum, direkte destilleret gasolie, tung gasolie, vakuumgasolie og tung vakuumgasolie,
hvor metalindholdet af vanadium eller nikkel i udgangsmaterialet, der skal behandles, ikke

er over 5 ppm efter vaegt, og carbonrestindholdet er ikke over 1 % efter masse.



