HYDRODESULFURI ZATI ON CATALYST FOR HYDROCARBON Ol L

Technical Field
[0001] The present invention relates to a
hydrodesulfurization catalyst for hydrocarbon oils.
Background Art
[0002] Conventionally,acatalystcomprisingmetal
components selected from VIA and VIII groups of the
periodic table, supported on a support comprising
porous inorganic oxides such as alumina,
alumina-silica, titania, and alumina-titaniahasbe
used widely for the purpose of hydrotreating of
hydrocarbon oils.

Currently, regulations on the sulfur
contents of fuel oils have been tightened from the
viewpointofenvironmental protection. Inparticul
the sulfur content of gas oil has been more severel
regulated to be 10 ppm by mass or less. Under thes
circumstances, development of gas oil ultra-deep
desulfurization catalysts has been proceeded so as
cope with these regulations.

Patent Literature 1 discloses catalyst
comprisingmetalcomponentsselectedfromVIAandV
groups of the periodic table, supported on a

silica-titania-alumina support. This catalyst has
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accomplished a high hydrodesulfurization activity b y
adjusting the content and crystalline structure of
titania and the specific surface area and pore volu me
ofthesupport. However,afurtherenhancementin the
hydrodesulfurization activity has been demanded.

Citation List

Patent Literature
[0003] Patent Literature 1: Japanese Patent
Application Laid-Open Publication No. 2011-072928

Summary of I nvention

Technical Problem
[0004] The present invention has an object to
provide a hydrodesulfurization catalyst with higher
performances than those of conventional catalysts,
particularly for gas oil fractions and a process fo r
producing the catalyst.

Solution to Problem
[0005] As the results of extensive study and
research, it has been found that the use of a suppo rt
having specific properties for a catalyst
significantly improves the hydrodesulfurization
activity thereof and thus enables the above object to
be achieved.
[0006] Thatis, the presentinventionrelatestoa

hydrodesulfurization catalystcomprising atleasto ne
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type of metal component selected from VIA and VIII

groups of the periodic table, supported on a suppor
having a diffraction peak area indicating a crystal
structureofboehmite(020)planesmeasuredbyanX
diffraction analysis that is 1/10 or greater of a

diffraction peak area indicating the aluminum

crystalline structure assigned to v-alumina (440)

planes,themolarratioofthemetalcomponentsele
from VIII group to the metal component selected fro
VIA group being from 0.13 to 0.22.
[0007] The present invention also relates to a
method for producing a hydrodesulfurization catalys
comprising: a first step of mixing a mixed aqueous
solution of atitanium mineral acid saltand an aci
aluminum salt and a basic aluminum salt aqueous
solution in the presence of silicate ions so that t
pH is from 6.5 to 9.5 to produce a hydrate; a secon
step of washing, extruding, drying and calcining th
hydrate inturnto produce asupport; andathirds
ofloadingatleastonetypeofmetalcomponentsel
from VIA and VIII groups of the periodic table ont
support.

Advant ageous Effect of Invention
[0008] The hydrodesulfurization catalyst of the

presentinventionhasmoreexcellent performancet
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conventional catalysts and are particularly suitabl
for hydrodesulfurization of gas oil fractions.
Brief Description of Drawi ngs
[0009] Fig. 1 is a graph indicating X-ray
diffractionspectraofsupportaandsupporteprod
in Example 1 and Comparative Example 1, respectivel
Fig. 2 is a graph indicating transmission
type Fouriertransforminfrared absorption spectra
support a and support e produced in Example 1 and
Comparative Example 1, respectively.
Fig.3isagraphindicatingthemaximalpeak
positions of the absorption spectra caused by the
acidicOHgroupandweaklybasicOHgroupofasupp
Descri ption of Embodi ments
[0010] The present invention will be described in
detail below.
The hydrodesulfurization catalyst of the

presentinventionischaracterizedinthatthesupp

uced

of

ort.

ort

comprisesatleastbothboehmite and v-aluminaandhas

a diffraction peak area indicating the crystal
structureofboehmite (020)planesmeasuredbyanX
diffraction analysis that is 1/10 or greater of the

diffraction peak area indicating the aluminum

crystalline structure assigned to v-alumina (440)

planes.
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[0011] Thesupportcontainsboehmite and

each in the form of Al »0O5 in the total amount of

preferably 50 to 96 percent by mass, more preferabl
58 to 83 percent by mass, more preferably 70 to 83
percent by mass. An alumina content of less than 5
percentbymassisnotpreferablebecausetheresul
catalyst tends to degrade significantly. An alumin
content of more than 96 percent by mass is also not
preferable because the catalyst performances tend t

deteriorate.

[0012] The support may contain any compound other

than boehmite and v-alumina, such as silica, titania,

boria, diphosphorus pentaoxide, and zirconia and
contains particularly preferably silica and titania
[0013] The support contains silica in the form of
SiOinanamountofpreferablyltolOpercentbymass
morepreferably2to7percentbymass, moreprefer
2to 5 percent by massonthe supportbasis. Asil
content of less than 1 percent by mass decreases th
specific surface areas of the resulting support and
causestitaniaparticlestobelikelytoaggregate
calcination of the support, resulting in larger
diffraction peak areas indicating the crystal
structures of anatase titania and rutile titania

measured by an X-ray diffraction analysis. When

-5-

v-alumina

ting

ably

ica

upon



titania particles aggregate, theresulting support
smallinthespecificsurfaceareaandthusthecon
ofametalcomponentofGroup VIAoftheperiodict
andametalcomponentofGroupVlIlloftheperiodic
islessandcausetheactivitytobereduced. Asi
content of more than 10 percent by mass causes the
resulting support to be poorinsharpness of the po
distribution and thus possibly to fail to obtain a
desired hydrodesulfurization activity.

[0014] The supportcontains titaniainthe form of
TiO 2inanamountofpreferably3to40percentbymass
more preferably 15 to 35 percent by mass, more
preferablyl5to25percentbymassonthesupport
Atitaniacontentoflessthan3 percentby massis

less in effect achieved by addition of titania,
resultinginacatalystthatmaynotobtainasuffi
hydrodesulfurization activity. A titania content o
more than 40 percentby massisnotpreferable beca
not only the mechanical strength of the resulting
catalystisreducedbutalsothe specificsurfacea
iIsdecreasedduetotheincreasedtendencyfortita
particles to accelerate in crystallization upon
calcination of the support and thus the resulting
catalyst may not exhibit a hydrodesulfurization

performance corresponding to the economic efficienc
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according to the increased amount of titania.

[0015] The hydrodesulfurization catalyst of the
presentinventioncomprisesatleastone ormorety pes
of metal components selected from Group VIA (IUPAC

Group 6) and Group VIII (IUPAC Groups 8to 10) of t he

periodic table supported on the support.

[0016] ExamplesofmetalcomponentsofGroup VIA of

the periodictabletobeusedinthe presentinvent ion
includemolybdenum(Mo)andtungsten(W)whileexam ples
ofmetalcomponentsofGroupVlilloftheperiodict able

include cobalt (Co) and nickel (Ni). These metal
componentsmaybeusedaloneorincombination. In view
of catalyst properties, the metal components are

preferably a combination of nickel-molybdenum,
cobalt-molybdenum, nickel-molybdenum-cobalt,

nickel-tungsten, cobalt-tungsten, or
nickel-tungsten-cobalt,inparticularmorepreferab ly
acombinationofnickel-molybdenum, cobalt-molybden um,
or nickel-molybdenum-cobalt.

[0017] The totalcontent ofthe metal component(s)

is preferably from 1 to 35 percent by mass, more

preferably from 15 to 30 percent by mass in the for m
of oxide on the catalyst basis. In particular, the

content of the metal component of Group VIA of the

periodic table is preferably from 10 to 30 percent by
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mass, more preferably from 13to 24 percent by mass
the form of oxide while the content of the metal
component of Group VIII of the periodic table is
preferably from 2.6 to 4.4 percent by mass, more
preferably from2.8to 4.2 percentby massinthef

of oxide.

[0018] The molar ratio of the metal component
selected from VIl group of the periodic table to t
metalcomponentselectedfromVIAgroupoftheperi
table is necessarily 0.13t00.22, preferably 0.14
0.21, more preferably 0.16 to 0.18. A structure
wherein a metal of VIII group of the periodic table
coordinates to the edge sights of a sulfide of met

of VIAgroupoftheperiodictable (forCoandMo,
phase)isreferredtoas"highactivespecies". If
molar ratio of the metal component selected from VI
group of the periodic table to the metal component
selected from VIA group of the periodic table is le
than0.13,the CoMoS phaseisnotsufficiently form
Whilst, if the molar ratio of the metal component
selected from VIII group of the periodic table tot

metalcomponentselectedfromVIAgroupoftheperi

table exceeds 0.22, the CoMoS phase is covered with

inactive cobalt sulfide.

[0019] Whenthe metalcomponentof Group VIAofthe
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periodic table is loaded on/contained in the suppor

of the hydrodesulfurization catalyst of the present
invention, the metal components are preferably
dissolved with an acid. The acid is preferably
phosphoric acid and/or an organic acid.

[0020] Inthe case of using phosphoric acid, itis
supported in an amount of preferably 3 to 25 percen
by mass, more preferably 10 to 15 percent by mass o
phosphorusonanoxidebasiswithrespectto100pe

by mass of the metal components of Group VIA of the
periodic table. If the amount exceeds 25 percent b
mass, the catalyst performance tends to be degraded
whilst if the amount is less than 3 percent by mass

a solution of the metal to be supported is poor in
stability.

[0021] No particular limitation is imposed on the
method for loading and including the above-describe
metal components or the above-described metal
components and further phosphorous into the support
Any conventional method such as impregnation
(equilibrium adsorption, pore filling, incipient
wetness impregnation methods) or ion-exchange may b
used. Impregnationreferredhereinisamethodwhe

the support is impregnated with an impregnating

solution containing active metals and then dried an
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calcined.

[0022] In the impregnation method, a metal
componentofGroupVIAoftheperiodictableanda
component of Group VIII of the periodic table are
preferably loaded at the same time. When metal
components are loaded separately, the resulting
catalyst would be insufficient in desulfurization
activity or denitrogenation activity. In the case
where the metal components are loaded by an
impregnationmethod,theyareloadedinthecoexist

of an acid, preferably phosphoric acid or an organi
acid because the metal component of Group VIA of th
periodic table is highly dispersed on the supporta
thus the resulting catalyst is further enhanced in
desulfurizationactivityanddenitrogenationactivi
Whereupon, phosphoric acid is preferably added in a
amount of 3to 25 percentby mass based on 100 perc
by mass of the metal component of Group VIA of the
periodic table.

[0023] The hydrodesulfurization catalyst of the

present invention has a specific surface area (SA)

metal

ence

nd

ty.

ent

measuredbyBETmethodofpreferablyl50m 2Igorlarger,

more preferably 170 m /g or larger. If the specific

surfacearea(SA)issmallerthan150m ’/g,thecatalyst

has fewer active sites for hydrodesulfurization
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reactionandthusisdegradedinhydrodesulfurizati on

activity. Whilst,noparticularlimitationisimpo sed
ontheupperlimit. However,whenthespecificsur face
area(SA)exceeds300m /g, thecatalyststrengthtends

to be reduced and thus the upper limit is preferabl y
300m %/gorsmaller,morepreferably280m 2/gorsmaller.
[0024] The support of the hydrodesulfurization

catalyst of the present invention has a diffraction

peakareaindicatingthecrystalstructureofboehm ite
(020)planesmeasuredbyan X-raydiffractionanaly sis
thatisnecessarily1/10orgreater, preferably 1/5 or

greater, more preferably 1/4 or greater of the
diffraction peak area indicating the aluminum
crystalline structure assigned to v-alumina (440)

planes. No particular limitation is imposed on the

upper limit, which is, however, preferably 1 or les S,
more preferably 4/5 or less. If the diffraction pe ak
areaindicatingthecrystalstructureofboehmite( 020)

planes measured by an X-ray diffraction analysis is
lessthan1/10ofthediffraction peakareaindicat ing
the aluminum crystalline structure assigned to

v-alumina (440) planes, the metal component of Group

VIA of the periodic table and the metal component o f
GroupVllloftheperiodictablearelessdispersed and
as theresult sufficient activity cannot be obtaine d.
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Whilst,theupperlimitexceedsl,theratioofboe
istoolargeandthustheresultingcatalystisred
in strength.

Thediffractionpeakindicatingthe crystal
structure of boehmite (020) planes is measured at

206=14° while the diffraction peak indicating the

hmite

uced

aluminumcrystalstructureassignedto v-alumina(440)

planes is measured at 2 6=67°.

[0025] Each of the diffraction peak areas is
calculated by fitting a graph obtained through X-ra
diffractionanalysiswithanX-raydiffractiondevi

with a least square method, followed by baseline
correction, and finding the height (peak intensity
from the maximum peak value to the baseline so as't
derivethe peakwidth (fullwidthathalfmaximum)

the resulting peak strength is half (1/2W) thereby
defining the productofthe full width at half maxi

and peak intensity as a diffraction peak area.
"Boehmite diffraction peak area/alumina diffraction
peakarea"isderivedfromeachofthediffraction

areas thus obtained.

[0026] In the support of the hydrodesulfurization
catalyst of the present invention, the ratio of the
absorbance perunitsurfaceareaofthe supportcau

bytheacidicOHgrouptotheabsorbanceperunits
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areaofthesupportcausedbytheweaklybasicOHg roup,
both measured with a transmission type Fourier

transform infrared absorption spectrum apparatus

(FT-IR) is preferably 0.9 or greater, more preferab ly
1.0orgreater, more preferably 1.1 orgreater. It IS
preferredthattheratiooftheacidicOHgroupinc rease
becausethemetalcomponentofGroupVIAoftheper iodic

table and the metal component of Group VIII of the
periodictablearehighlydispersedonthesupport, and
astheresultthe numberofactive sitesincreases and
the activity is enhanced.

The wavenumber of maximal peak position of

the absorption spectrum caused by the acidic OH gro up
iIs within the range of 3670 to 3695 cm L while the
wavenumber of maximal peak position of the absorpti on
spectrum caused by the weakly basic OH groupis wit hin
the range of 3720 to 3740 cm 1 (see Figure 3).

The above-mentioned measurement with FT-IR
will be described later.
[0027] The hydrodesulfurization catalyst of the
present invention is suitably used for hydrotreatin g

hydrocarbon oils, in particular gas oil fractions.

Hydrodesulfurizationusingthecatalystiscarried out
under a hydrogen atmosphere at a high temperature a nd
ahighpressureafterchargingthecatalystintoa fixed
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bed reactor.
Examplesofthegasoilfractionusedinthe
present invention include straight-run gas oil

producedthrough anatmospheric distillation unitf

crude oil; vacuum gas oil produced through a vacuum

distillation unit by distilling straight heavy oil

residue obtained from an atmospheric distillation
unit; light cycle gas oil produced by fluid
catalytic-cracking vacuum heavy gas oil or
desulfurized heavy oil; and hydrocracked gas oil
produced by hydrocracking vacuum heavy gas oil or
desulfurized heavy oil.

[0028] The reaction pressure (hydrogen partial
pressure) is preferably from 3 to 15 MPa, more
preferably from 4 to 10 MPa. At a reaction pressur
of lower than 3 MPa, desulfurization and
denitrogenation activities tend to significantly
degrade. Areactionpressure of higherthan 15 MPa
notpreferablebecausehydrogenconsumptionincreas
resulting in a higher running cost.

[0029] Thereactiontemperatureispreferablyfrom
300to420°C, morepreferably320to380°C. Areac
temperature of lower than 300°C is not practical
because desulfurization and denitrogenation

activitiestend to significantly degrade. Areacti
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temperature of higher than 420°C is not preferable
because the catalyst is drastically degraded and th
temperatureis close tothe service temperature lim
(usually 425°C) of the reactor.

[0030] No particular limitation is imposed on the
liquid-space velocity, which is, however, preferabl
from 0.5to 4.0 h "1 more preferably from 0.5 to 2.0
h 1. A liquid-space velocity of less than 0.5 h

not practical because the productivity isreducedd

to the reduced amount of the throughput. A
liquid-space velocity of greater than 4.0 h
preferable because the reaction temperature is
increased, and as the resultthe decomposition of t
catalyst accelerates.

[0031] The hydrogen/oil ratio is preferably from
120to0 420 NL/L, more preferably from 170to 340 NL
A hydrogen/oil ratio of less than 120 NL/L is not
preferable because the hydrodesulfurization rate
decreases. A hydrogen/oil ratio of greater than 42
NL/L is not also preferable because it cannot chang
thehydrodesulfurizationactivitytoalargeextent

only increases the running cost.

[0032] Next, the process for producing the
hydrodesulfurizationcatalystofthepresentinvent

will be described.
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The process for producing the
hydrodesulfurizationcatalystofthepresentinvent
comprises: a first step of mixing a mixed aqueous
solution of titanium mineral acid salt and acidic
aluminumsalt(hereinaftersimplyreferredtoas"m
agueous solution") and a basic aluminum salt aqueou
solution in the presence of silicate ion so that th
pH is from 6.5 to 9.5 to produce a hydrate; a secon
step of washing, extruding, drying and calcining th
hydrate inturntoproduce asupport; and athirds
ofloadingatleastonetypeofmetalcomponentsel
from VIA group (IUPAC Group 6) and VIII group (IUPA
groups8tol0)oftheperiodictable. Eachofthe
will be described below.

[0033] (First Step)
Firstofall,inthepresenceofsilicateion,

a mixed solution of a titanium mineral acid salt an

an acidic aluminum salt (this is an acidic aqueous

solution) is mixed with a basic aluminum salt aqueo

solution (this is an alkaline aqueous solution) suc

thatthe pHisfrom6.5t0 9.5, preferably from 6.5

8.5,morepreferablyfrom6.5to7.5toproduceah

containing silica, titania and alumina.

[0034] Inthisstep,therearetwoalternativecase

(1) where the mixed aqueous solution is added to th
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basic aluminum salt aqueous solution containing
silicate ion and (2) where the basic aluminum salt
aqueous solution is added to the mixed solution
containing silicate ion.

In case (1), silicate ion contained in the
basicaluminumaqueoussolutionmaybebasicorneu
The basic silicate ion source may be a silicic acid
compound such as sodium silicate, which can generat
silicate ions in water. In case (2), silicate ion
contained in the mixed aqueous solution of a titani
mineral acid salt and an acidic aluminum salt aqueo
solutionmaybeacidicorneutral. Theacidicsili
source may be a silicic acid compound such as silic
acid, which can generate silicate ions in water.
[0035] Examplesofthe basicaluminum saltinclude
sodiumaluminateandpotassiumaluminate. Examples
the acidic aluminum salt include aluminum sulfate,
aluminum chloride, and aluminum nitrate. Examples
the titanium mineral acid salt include titanium
tetrachloride, titaniumtrichloride, titaniumsulfa
andtitaniumnitrate. Inparticular,titaniumsulf
is preferably used because it is inexpensive.

[0036] For example, a predetermined amount of a
basic aluminum saltaqueous solution containing bas

silicateionis chargedinto atank with a stirrer
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heated at and maintained to a temperature of usuall y
40t090°C, preferably 50to 70°C, and to the solut ion

was continuously added a predetermined amount of a

mixed aqueoussolutionofatitaniummineralacids alt

and acidic aluminum salt aqueous solution heated to a
temperature of £5°C, preferably £2°C, more preferab ly
+1°Coftheheatedbasicaluminumsaltagqueoussolu tion

forusually5to20minutes, preferably7to15min utes
sothatthe pHisfrom6.5t09.5, preferably from 6.5
to 8.5, more preferably from 6.5 to 7.5 to produce a
precipitate,whichisaslurryofhydrate. Itisn oted
thatsince addition ofthe basicaluminum saltaque ous
solution to the mixed solution for a too long perio d

of time would cause the production of crystals of
pseudoboehmite, bayerite or gibbsite, which are not
preferable,theadditioniscarriedoutfordesirou sly
15 minutes or shorter, more desirously 13 minutes o r
shorter. Bayerite and gibbsite are not preferable
because they reduce the specific surface area after
calcination.
[0037] (Second Step)
Thehydrateslurryproducedinthefirststep
is aged if necessary and then washed to remove
by-produced salts thereby producing a hydrate slurr y

containingsilica,titaniaandalumina. Theresult ing
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hydrate slurryisfurtherheatedandagedifnecess ary
and then formed into an extrudable kneaded product by

a conventional method, such as heat-kneading. The

extrudable productisextrudedintoadesiredshape by
extrusionandthendriedatatemperatureof70to 150°C,
preferably 90 to 130°C and calcined at a temperatur e
ofpreferably400to500°C,morepreferably400to 480°C,
more preferably 430 to 470°C, most preferably 440 t 0

460°C for 0.5 to 10 hours, preferably 2 to 5 hours
thereby producing a silica-titania-alumina support.

During the second step, adjustment of
conditions for calcination, in particular calcining
temperatureenablesthepreparationofasupportha ving
a diffraction peak area indicating the crystal
structureofboehmite(020)planesmeasuredbyanX -ray
diffraction analysis that is 1/10 or greater of the
diffraction peak area indicating the aluminum
crystalline structure assigned to v-alumina (440)
planes.
[0038] (Third Step)

On the resulting silica-titania-alumina
support is loaded by a conventional manner
(impregnation, immersion) at least one type of meta I
component selected from VIA and VIII groups of the

periodic table as described above, followed by
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calcinationatpreferably400to500°C,moreprefer
400t0480°C, more preferably 430to470°C forusua
0.5to10hours, preferably2to5hourstoproduce
hydrodesulfurization catalyst of the present
invention.

Raw materials of the metal component are
preferably for example, nickel nitrate, nickel
carbonate, cobalt nitrate, cobalt carbonate,
molybdenumtrioxide,ammonium molybdate, andammoni
paratungstate.

[0039] <Absorbance of the acidic OH group and
absorbance of the weakly basic OH group>

A transmission type Fourier transform
infrared spectrophotometer (FT-IR/6100 manufactured
by JASCO Corporation) was used to measure the maxim
peak wavenumber of the acidic OH group and the
absorbance at the wavenumber and the maximal peak
wavenumber of the weakly basic OH group and the
absorbance at the wavenumber as described below.
[0040] (Measurement)

Intoamolding container (innerdiameter 20

mm) were charged 20 mg of a sample, which were then

compressed by applying pressure of 4 ton/cm
N/cm?)tobemoldedintoathindisk-shape. Thismolded

product was kept under a condition of a pressure of
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1.0x10 3 Pa or lower at a temperature of 400 to 500°C
for 2 hours and then cooled to room temperature to
measure the absorbance of the product.

Specifically, a baseline correction was

‘1 and a cumulated

carried out at a resolution of 4 cm
number of 200 within the wavenumber range of 3000 t 0
4000 cm ! with a TGS detector, followed by correction
with the specific surface area. The absorbance was
converted to that per unit surface area.

Absorbance per unit surface area (m 2)
=(absorbance)/(molded body mass x specific surface
area)
[0041] In all of the following examples and
comparative examples, the wavenumber of the maximal
peak positionofthe absorption spectrumcaused by the
acidic OH group was within the range of 3670 to 369 5
cm? while the wavenumber of the maximal peak position

of the absorption spectrum caused by the weakly bas ic

OH group was within the range of 3720 to 3740 cm

Exampl es
[0042] The presentinvention will be described in
more details with reference to the following exampl es

and comparative examples but is not limited thereto
[0043] [Example 1: Preparation of

hydrodesulfurization catalyst a]
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IntoalOOLvolumetankequippedwithasteam

jacket were put 8.16 kg of an aqueous solution

containing sodium aluminate (manufactured by JGC C& C)
in an amount of 22 percent by mass on an Al 203
concentrationbasis. Thesolutionwasdilutedwith 41
kgofion-exchangewater,towhich1.80kgofasol ution

containing sodium silicate (manufactured by AGC

Si-Tech. Co., Ltd.; SiO 2 concentration 24 percent by

mass) in an amount of 5 percent by mass on an SiO 2
concentration basis were then added, stirring. The

resulting mixture was heated at a temperature of 60 °C
thereby preparing a basic aluminum salt aqueous

solution. Anacidicaluminumsaltagueoussolution was

prepared by diluting 7.38 kg of an aqueous solution

containing aluminum sulfate (manufactured by JGC C& C)
in an amount of 7 percent by mass on an Al 203

concentration basis with 13 kg of ion-exchanged wat er
whileatitaniummineralacidsaltaqueoussolution was
prepared by dissolving 1.82 kg of 33 percent by mas S

on a TiO , concentration basis of titanium sulfate

(manufactured by Tayca Corporation) in 10 kg of

ion-exchanged water. These aqueous solutions were

mixed and heated to a temperature of 60°C thereby
preparingamixedaqueoussolution. Thismixedaqu eous

solution was added at a constant rate (addition tim e:
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10 minutes)intothe tank containingthereinthe ba sic
aluminum salt aqueous solution using a roller pump

until the pH was 7.2 thereby preparing hydrate slur ry
a containing silica, titania, and alumina.

[0044] The resulting hydrate slurry a was aged,
stirringatatemperatureof60°Cforonehour,and then
dewatered with a flatsheet filter and washed with 1 50
L ofa 0.3 percent by mass ammonium aqueous solutio n.
After washing, the resulting cake-like slurry was

diluted withion-exchanged watersothatthe amount of
the slurry was 10 percent by mass on an Al 203
concentrationbasisandthenadjustedinpHto10.5 with
15 percentby massofammonium aqueous solution. The
slurry was transferred to an aging tank with a refl ux
condenser and aged, stirring at atemperature of 95 °C
for 10 hours. The resulting slurry was dewatered a nd
then concentrated and kneaded to have a certain
moisturelevelwithadouble-armedkneaderwithas team
jacket. The resulting kneaded product was extruded
intoacylindricalshapewithadiameterofl1.8mm with
an extruder and dried at atemperature of 110°C. T he
dried extruded product was calcined at a temperatur e
of 450°C in an electric furnace for 3 hours thereby
producingsupporta. Supportacontainedsilicain an
amount of 3 percent by mass on an SiO 2 concentration
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basis (on the support basis), titania in an amount of
20 percent by mass on a TiO 2 concentration basis (on

the support basis), and aluminum in an amount of 77
percentbymassonanAl 20Oz concentrationbasis (onthe

support basis).

[0045] Support a was subjected to an X-ray

diffraction analysis with an X-ray diffraction

apparatus "RINT 2100" manufactured by Rigaku
Corporation(thesameapplieshereafter). Theresu Its
are set forth in Fig. 1. Least square fitting was

applied to the resulting graph, followed by baselin e
correctionsoastofindthe fullwidthathalfmax imum
of the peak assigned to the boehmite (020) planes

indicated at 2 6=14°. Theproductofthe full width at

half maximum and the peak intensity from the baseli ne
to the maximum peak was defined as a boehmite

diffraction peak area. The same procedures were

carried out to find the full width at half maximum of
the peak assigned to the yv-alumina (440) planes

indicated at 2 6=67°,andthe productofthe full width
athalfmaximumandthepeakintensityfromthebas eline
wasdefinedasa v-aluminadiffractionpeakarea. The

diffraction peak area indicating the crystalline
structure of boehmite was 1/3 of the diffraction pe ak

areaindicating the crystalline structure assigned to
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v-alumina (boehmite diffraction peak area/ v-alumina
diffraction peak area = 1/3, and the same applies
hereafter).

Figure2showsthetransmissiontypeFourier
transform infrared absorption spectrum of support a
[0046] Next, 268 g of molybdenum trioxide
(manufacturedbyClimax ; MoOsconcentration99percent
by mass)and 66 gofcobaltcarbonate (manufactured by
Tanaka Chemical Corporation; CoO concentration 61
percent by mass) were suspended in 500 ml of
ion-exchanged water, and then heated atatemperatu re
of 95°C for 5 hours, applying a suitable reflux
treatmentsothatthevolumeisnotdecreased,foll owed
by dissolvingof54 gofphosphoricacid (manufactu red

by KANTO CHEMICAL CO., INC.; P 205 concentration 62

percent by mass) in the suspension thereby preparin g
an impregnating solution. After 1000 g of support a
wasimpregnatedwithanimpregnatingsolutionbysp ray,
itwas dried atatemperature of 250°C and calcined at

a temperature of 450°C for one hour in an electric

furnace thereby producing hydrodesulfurization

catalyst a (hereinafter, simply referred to as
"catalysta",thesameapplieshereafter). Propert ies
of catalyst a are set forth in Table 1.

[0047] [Example 2: Preparation of
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hydrodesulfurization catalyst b]

Supportawas used andthe same preparation
procedures for catalyst a were followed except for
using 270 g of molybdenum trioxide, 78 g of cobalt
carbonateand55gofphosphoricacidintheprepar ation

of the impregnation solution thereby producing

catalystb. Propertiesofcatalystbare setforth in
Table 1.
[0048] [Example 3: Preparation of

hydrodesulfurization catalyst c]
Supportawas used andthe same preparation
procedures for catalyst a were followed except for
using 272 g of molybdenum trioxide, 90 g of cobalt
carbonateand55gofphosphoricacidintheprepar ation
of the impregnation solution thereby producing
catalystc. Propertiesofcatalystcare setforth in
Table 1.
[0049] [Example 4: Preparation of
hydrodesulfurization catalyst d]
Thesamepreparationproceduresforcatalyst
awerefollowedexceptforcalciningthedriedextr uded
productatatemperatureof480°Cinanelectricfu rnace
in the preparation of the support thereby producing
support d. As the result of an X-ray diffraction

analysiscarriedoutaswithExamplel(notshown), the
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boehmite diffraction peak area/ v-alumina diffraction
peak area was 1/9. The impregnation solution was
prepared in the same manner as that for catalyst a

thereby producing catalystd. Properties of cataly

d are set forth in Table 1.

[0050] [Comparative Example 1: Preparation of
hydrodesulfurization catalyst €]

Thesame preparationproceduresforsupport
a were followed except for calcining the dried and
extruded product at a temperature of 550°C in an
electric furnace thereby producing supporte. Ast
result of X-ray diffraction analysis carried out as
with Example 1, therewasnoboehmite diffractionp
as shown Figure 1 and the boehmite diffraction peak
areal/ vy-alumina diffraction peak area was 0. The
impregnation solution was prepared inthe same mann
as that for catalyst a thereby producing catalyst e
Properties of catalyst e are set forth in Table 1.
[0051] [Comparative Example 2: Preparation of
hydrodesulfurization catalyst f]

Support e was used and the impregnation
solutionusedforcatalystbwasusedtherebyprodu
catalystf. Propertiesofcatalystfare setforth
Table 1.

[0052] [Comparative Example 3: Preparation of
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hydrodesulfurization catalyst g]

Support e was used and the impregnation
solutionusedforcatalystcwasusedtherebyprodu
catalystg. Propertiesofcatalystgare setforth
Table 1.

[0053] [Comparative Example 4: Preparation of
hydrodesulfurization catalyst h]

Supportawas used andthe same preparation
procedures for catalyst a were followed except for
using 267 g of molybdenum trioxide and 55 g of coba
carbonate in the preparation of the impregnation
solutionthereby producing catalysth. Properties
catalyst h are set forth in Table 1.

[0054] [Comparative Example 5: Preparation of
hydrodesulfurization catalyst i]

Supportawas used andthe same preparation
procedures for catalyst a were followed except for
using 274 g of molybdenum trioxide, 101 g of cobalt
carbonateand56gofphosphoricacidintheprepar
of the impregnation solution thereby producing
catalysti. Propertiesof catalystiare setforth
Table 1.

[0055] [Hydrodesulfurization test ]

Feedstock having the following properties

was hydrotreated with a hydrodesulfurization unit
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manufactured by ZYTEL Co. using catalysts a to i.
Hydrotreating reaction was carried out under the
followingconditions. Foreachcatalyst,thereact
rate constants at reaction temperatures of 330°C an
340°C were determined and an average of the reactio
rateconstantsrelativetothereactionrate consta
of catalystcattemperatures of 330°C and 340°C ta
as 100 is defined as a relative hydrodesulfurizatio
activity and set forth in Table 1.
(Properties of feedstock »
Feedstock: straight-run gas oil (boiling
point range of 208 to 390°C)
Density@15°C: 0.8493 g/cm 3
Sulfur content: 1.32 percent by mass
Nitrogen content: 105 ppm by mass
(Reaction condition »
Reaction temperatures: 330°C, 340°C
Liquid-space velocity: 1.36 hr
Hydrogen pressure: 6.0 MPa
Hydrogen/oil ratio: 250 NL/L

[0056] Table 1
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Example 1 | Example 2 | Example 3 | Example 4 Comparative | Comparative | Comparative | Comparative | Comparative
Example 1 Example 2 Example 3 Example 4 Example 5
Catalyst a b c d e f g h i
Support components
Si (as SiO,) mass% 3 3 3 3 3 3 3 3 3
Ti (as TiOz) mass% 20 20 20 20 20 20 20 20 20
Al (as Al203) mass’ 77 71 71 71 71 77 77 77 77
B/A ¥ 1/3 1/3 1/3 1/9 0 0 0 1/3 1/3
Supported components

MoO; (catalyst basis) mass% 20 20 20 20 20 20 20 20 20
CoO (catalyst basis) mass% 3 35 4 3 3 35 4 2.5 45
P,Os (catalyst basis) massh 25 25 25 25 25 25 25 25 25
Co/Mo ratio 0.15 0.175 0.2 0.15 0.15 0.175 0.2 0.125 0.225
LGO desulfurization
properties

Relative activity 107 116 100 103 93 92 81 93 92
Specific surface area 238 234 235 224 201 202 198 250 237
PV(H,0) 043 043 0.41 0.43 0.44 0.43 0.42 0.44 0.40
Acidic OH group/weakly basic OH
aroup **) 1.2 1.2 1.2 11 0.8 0.8 0.8 1.2 1.2

*) A: peak area of Y —alumina (440) planes (26=67")
B: peak area of boehmite (020) planes (2 6=14°)

*%) absorbance of maximal peak caused by acidic OH group/absorbance of maximal peak caused by weakly basic OH group
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[0057] Itisappreciatedfromtheresultssetforth

in Table 1 that when the cobalt/molybdenum ratio is
within the range of 0.13 to 0.22, the catalysts are
improvedinhydrodesulfurizationactivity becauset
supports contain boehmite. As Boehmite is containe
onthe support, arelativelylarge number of acidic
groupsremain, andastheresult, molybdenumis hig
dispersedly supported. Since the active site of a
hydrodesulfurization catalyst is a CoMoS structure
where cobalt coordinating to edge sites of molybden

sulfide, cobalt is highly dispersed as molybdenum i

highly dispersed, and the number of CoMoS structure

increases, resulting in an enhancement in the
hydrodesulfurization activity. However, even thoug
boehmite is contained, sites with less cobalt are n
sufficient in the number of CoMoS structure and thu
poor in the hydrodesulfurization activity, and site

with more cobalt are low in the activity because
inactive cobalt species not coordinating molybdenum

sulfide cover the active sites.
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CLAIMS

[Claim 1] A hydrodesulfurization catalyst for
hydrocarbonoilscomprising atleastone type of me
component selected from VIA and VIII groups of the
periodic table, supported on a support having a
diffraction peak area indicating a crystal structur

of boehmite (020) planes measured by an X-ray
diffraction analysis that is 1/10 or greater of a

diffraction peak area indicating the aluminum

crystalline structure assigned to v-alumina (440)

planes,themolarratioofthemetalcomponentsele
from VIII group to the metal component selected fro
VIA group being from 0.13 to 0.22.

[Claim 2] The hydrodesulfurization catalystfor
hydrocarbon oils according to claim 1 wherein the
support comprises at least one type selected from
silica and titania.

[Claim 3] The hydrodesulfurization catalystfor
hydrocarbon oilsaccordingtoclaim 1 or2wherein
metal component selected from VIA and VIII groups o
the periodic table is selected from molybdenum,
tungsten, cobalt and nickel.

[Claim 4] The hydrodesulfurization catalystfor

hydrocarbon oils according to any one of claims 1t
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3 wherein the metal component selected from the VII
group is contained in an amount of 2.6 to 4.4 perce
by mass in the form of oxide.

[Claim 5] A process for producing a
hydrodesulfurizationcatalystcomprising:afirsts
ofmixingamixedaqueoussolutionofatitaniummi

acid salt and an acidic aluminum salt and a basic
aluminum salt aqueous solution in the presence of
silicateionssothatthepHisfrom6.5t09.5to
ahydrate;asecondstepofwashing, extruding, dry
andcalciningthehydrateinturntoproduceasupp

and athird step of loading atleastone type of me
component selected from VIA and VIII groups of the
periodic table on the support.

[Claim 6] The process for producing a
hydrodesulfurization catalyst according to claim 5
wherein the calcining temperature in the second ste

is from 400 to 500°C.
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