1 HYDRODESUFURIZATION CATALYST FOR HYDROCARBON OIL BACKGROUND OF THE
INVENTION Field of the Invention 5[0001] The present invention relates to a hydrodesulfurization catalyst
for a hydrocarbon oil, and more specifically, relates to a hydrodesulfurization catalyst having excellent
activity which can reduce the sulfur content within a hydrocarbon oil such as a kerosene, gas oil or
vacuum gas oil under comparatively mild conditions and over a long period of 10time. Description of
Related Art [0002] HydnatarkomB# frecionsabtsioed Ayydistiipr AT REGCKIRG GrudeLoil generally
15contain sulfur compounds, and when these oils are used as fuels, atmospheric pollutants such as sulfur
oxides originating from these sulfur compounds are released into the atmosphere. However, recent
increased awareness of environmental issues has meant that the restrictions on atmospheric pollution
have become increasingly severe, aré/yeGotiohaVip (HeISUFUNYERNEHPDT fuel oils are deemed highly
desirable. 20[000_3%@ The technology for reducing the amount of sulfur compounds contained within this
type of fuel oil typiediRf ih§dIVEE Ring a catalyst having desulfurization activity to subject the hydrocarbon
oil feedstock to a hydrgﬁg Lljtlfurization treatment in a hydrodesulfuration unit, and all manner of
hydrodesulfurization ¢ @ s have been 25proposed. For example, catalysts prepared by impregnation

of a metal component haying. 2 ydogenation agthiysuen as malvhdeni dunasien, copatt or nickel on
an inorganic oxide carrier é)UC as alumina are wiae usedsas yaroaesu rization catalysts, and in order

to further impfOV&ﬁ%a%H&r%@aﬁgaﬂtyﬁ%@i@&%%%Hwﬁﬁﬂg%mscm%&hh%@%g&&%ﬂ‘éﬁ%d into improving
the carrier, examining the metal components, and improving 5the method used for impregnating the metal
components on theGarkielHeh £ XamMRenSBfur content within a hydrocarbon oil such as a kerosene,

gas oil or vacuum gas oil under comparatively mild conditions and over a long period of

10  time.

Description of Related Art
[0002]
Hydrocarbon oil fractions obtained by distilling and cracking crude oil generally
15  contain sulfur compounds, and when these oils are used as fuels, atmospheric pollutants
such as sulfur oxides originating from these sulfur compounds are released into the
atmosphere. However, recent increased awareness of environmental issues has meant
that the restrictions on atmospheric pollution have become increasingly severe, and
reductions in the sulfur content of fuel oils are deemed highly desirable.
20 [0003]

The technology for reducing the amount of sulfur compounds contained within
this type of fuel oil typically involves using a catalyst having desulfurization activity to
subject the hydrocarbon oil feedstock to a hydrodesulfurization treatment in a
hydrodesulfuration unit, and all manner of hydrodesulfurization catalysts have been

25  proposed. For example, catalysts prepared by impregnation of a metal component having



Japanese Unexamined Patent Application, First Publication No. 2000-342976). [0004] Conventional
desulfurization levels (a product oil sulfur content of 0.2 to 0.05 mass %) can be achieved relatively easily
using current desulfurization technology, but 10 performing desulfurization until an even lower sulfur
content is obtained (a product oil sulfur content of 0.04mass % or lower) becomes extremely difficult.
This is because in the refractory sulfur compounds such as 4-methyldibenzothiophene (4-MDBT) and 4,6-
dimethyldibenzotyiaphaned4 £t DMREN) atheopositinmofuins ik ybsulb stituent(sh i cleseatacthe sulfur atom,
and therefore the alkyl substituenus) cause steric hindrance when the 15sulfur molecule attempts to
contact the desulftidiz atiorractire sileniithecaidtyst)smiaki hgddesulfiindatiom ofithese tydes of compounds
extremely difficult. [0005] Under these circumstances, the development of hydrodesulfurization
technology that erisblesvehsovarsiva fefrgctompanghol serm saahds witsini g oillisvedeoming
20increasingly important. Typically, in order to increase the proportion of the sulfur content removed from
a gas oil, the op&ratHY CoRMHBREIOr IR aT B ESUI RIS ASH HBAE Mo attib H¥MPeFature and the
liquid hourlysspa(ée vel ci&y have needed to be made more severe. However, when the reaction

temperature’is iHGrEALAAY BEKE! PA TR TS A e I REE S TR MRS ) MFHAERTh Y ShE* ARty SF the catalyst
decreases rapid%s%?%@%%%ﬁ’rh’\ll@eemﬂeenp%‘léé)qiIgfjlg %ﬂyﬁ%??%b\ﬁ%la CING I%Y)%r_g%@%}ough the
) ; . .

desulfurization erformance improves, the efficiency of the refining process tends to reduce, meaning
the capacity of the hyd ulfurization unit must be increased. Moreover, these types of severe

operating conditions tend to also have adverse effects on the properties of the product oil such as the

product color and the steraggsiapility. hecrdindlyethe bestanoathed ferachieying deasuifurization of a

gas oil under relatively mild conditions, without requiring the severe operating conditions described above,
is the developmemnisofg catakystkiawingemarkBdysaypeiigrcdesul uizatiomacti wihn096bQn the other
hand, depending on the intended use of the kerosene or gas oil, a 10catalyst which has sufficient
desulfurizafion aptivitynio edsurBiazpriescribédn even lower sulfur content is obtained (a product oil
sulfur content of 0.04 mass % or lower) becomes extremely difficult. This is because in
the refractory sulfur compounds such as 4-methyldibenzothiophene (4-MDBT) and 4,6-
dimethyldibenzothiophene (4,6-DMDBT), the position of the alkyl substituent(s) is close
to the sulfur atom, and therefore the alkyl substituent(s) cause steric hindrance when the
15  sulfur molecule attempts to contact the desulfurization active site of the catalyst, making
desulfurization of these types of compounds extremely difficult.
[0005]
Under these circumstances, the development of hydrodesulfurization technology
that enables removal of a refractory sulfur compounds within gas oil is becoming
20  increasingly important. Typically, in order to increase the proportion of the sulfur
content removed from a gas oil, the operating conditions for the hydrodesulfurization
such as the reaction temperature and the liquid hourly space velocity have needed to be
made more severe. However, when the reaction temperature is increased, coke tends to

be deposited on the catalyst, meaning the activity of the catalyst decreases rapidly,

25  whereas when the liquid hourly space velocity is lowered, although the desulfurization



desulfurization rate, and is also able to be used over a long period, namely a catalyst with an extended
life, may sometimes be required. Moreover, if the same catalyst could be used for performing
desulfurization of kerosene, gas oil, and even vacuum gas oil, then managing the catalyst and the
hydrodesulfurization unit can be performed more 15efficiently. [0007] The present invention has an
object of providing a catalyst which has a prescribed desulfurization activity, has a long life, and is
capable of hydraieeatingnacwitle Fanrgeotiydiasarbon aitkfigprarphihaievacuesmgasied under
comparatively mild operating 20conditions. SUMMARY OF THE INVENTION [0008] Under these
circumstances athd epaitgsultheflipdensivef negeaschinihainyventors ot 25 erpresetiteievemtiort discovered,
during investigations into complexing zeolites having a 4 variety of physical properties with an
alumina-based c®nées archtharrpekiormirsg hiporod dsvifedizatiorfestictiohs, iteaeaieraridgha large variety of
zeolites, by using an HY zeolite having specific physical properties, hydrodesulfurization reactions of a
variety of differeRE1YAr6Eats8 oS memm@@éﬁaé/é%?t@%eoﬁ%me%g?@ag%ﬂ BFdtékded more
5efficiently than when other zeolites were used. As a resylt of undertakin PJ rther. research based on this
ciscovery. tis iUEHRE< 2 AEsChGRLR W RO S S B BUHE RAUTHE S physical properties
with & carrier haying.an, alumina base, and sonroling the pisisal proerties g satalystsuch as the

. e u11‘11’1§ s € ogm )
mean pore diameter, they weré able to achieve the object describe ove, thereby completing the

present 10invengggta[9gql9ﬂll,m Aﬁ&yagr éﬁ(ﬂégér glirgt, aspest 2g%fﬁr\l,qs,.present invention is a

hydrodesulfurization catalyst for a hydrocarbon oil, the catalyst prépared by impregnating cobalt,
molybdenum and phosplgsyis on a complex oxide carrier containing 80 to 99 mass % of an alumina
15and 1 to 20 mass % of an HY zeolite, wherein based on the total mass of the catalyst, and calculated in
terms of the oxide contenththelcatalyst egetaiing dntthéimaskYaef dabaltebeete 2dgmass % of
molybdenum and 0.8 to 4.5 mass % of phosphorus, the catalyst has a specific surface area measured by
the nitrogenadsorpiion wheth bas ofi2ibik 00 R80 /g @ poreiyalumeumegseyetbby the mercury intrusion
method of 0.3 to 0.6 ml/g, a mean pore 20 diameter in a pore distribution measured by the mercury
intrusion methodlef5Hig08NKaENEE ip 8o volamefarpbras witbia BeridgeasrehsaAFdmt thidhmean pore
diameter that is at least 75% of the total pore volume, and the HY zeolite has: (la) a SiO2/Al203 (molar
ratio) of 3 to 10, {DFEEASHI Tattbe eBITE R Bt s U5 G0 MUABLY Ryl the same catalyst could be

used for performing desulfurization of kerosene, gas oil, and even vacuum gas oil, then
managing the catalyst and the hydrodesulfurization unit can be performed more
15  efficiently.
[0007]
The present invention has an object of providing a catalyst which has a prescribed
desulfurization activity, has a long life, and is capable of hydrotreating a wide range of
hydrocarbon oils from naphtha to vacuum gas oil under comparatively mild operating

20  conditions.

SUMMARY OF THE INVENTION
[0008]
Under these circumstances and as a result of intensive research, the inventors of

25  the present invention discovered, during investigations into complexing zeolites having a



5 (c) a molar ratio of Al within the zeolite framework relative to the total Al content of 0.2 to 0.9, and
(d) a crystallite diameter of 30 to 100 nm. [0010] 5The hydrodesulfurization catalyst for a hydrocarbon oil
according to the present invention has superior desulfurization activity, and therefore the sulfur content
within a gas oil fraction can be reduced dramatically. 4 Further, the hydrodesulfurization catalyst for a
hydrocarbon oil according to the present invention can be used under reaction conditions that are
substantially the.seige @sphleRngmeperidendhanatnosa-bsed cdurisgeonventienahhygdrotreatments, and
therefore the catalyst can be used to replace conventional hydrodesulfurization catalysts without requiring
significant improkeimeits lforconve ntienahhytrodesuifariaationrignitof zeoMtoscovesingyausig the
hydrodesulfurization catalyst for a hydrocarbon oil according to the present invention, a gas oil base with
a low sulfur contessticahabad SxgHpliey seladtivenrwiasily BRIEFHDESCRIPTION OR THEDRAWINGS
[0011] FIG.1lisa diaa;am which illustrates, for catalysts A to D and catalyst X, the 20relationship

between the crySififfientiyfietaraimilbinHedrablitesoiftanet irhRe e gl Biowsdethe Yesulfurization

reaction rate_constant (Ks) . EMBODIMENTS OF THE |INVENTION 6 The hydrodesulfurization
catalyst for & hy&? ngég’rﬁgﬁ %SBF&H% fo°the’ preselie ?ln\/ésrﬁiﬁer?lt'ﬁgfélgf{%?aé(lg@ é‘fgﬁred to as "the catalyst

according to the presentinvetion s a calalyst prenared By mprganaing,copalh,molygdenum and
phosphorus on a complex oxide carrier containing alumina and an eolite hav g specific physical

properties, Swheyejn, (e SRECHICiBUTACE AlgR.dhaRalaelume andithe MEaRiRPrSdigmeter of the

catalyst satisfy specific ranges. By using an alumina carrier containing the HY zeolite having specific

physical propertigs@mehconirallisgdhe Reysicat propanties atthe aatalyst suehiasithe, specific surface
area, the pore volume and the mean pore diameter so that they satisfy specific ranges, a long-life

hydrodesulfurizatier ebitalystbanchaealfainadsthiatd Qeave paetobncahydoleadmennyith a satisfactory
desulfurization rate even under
10 invention.

[0009]

In other words, a first aspect of the present invention is a hydrodesulfurization
catalyst for a hydrocarbon oil, the catalyst prepared by impregnating cobalt, molybdenum
and phosphorus on a complex oxide carrier containing 80 to 99 mass % of an alumina

15 and 1 to 20 mass % of an HY zeolite, wherein based on the total mass of the catalyst, and
calculated in terms of the oxide content, the catalyst contains 3 to 6 mass % of cobalt, 16
to 24 mass % of molybdenum and 0.8 to 4.5 mass % of phosphorus, the catalyst has a
specific surface area measured by the nitrogen adsorption method of 210 to 280 mz/g, a
pore volume measured by the mercury intrusion method of 0.3 to 0.6 ml/g, a mean pore

20  diameter in a pore distribution measured by the mercury intrusion method of 75 to 95 A,
and a pore volume for pores within a range of =15 A from the mean pore diameter that is
at least 75% of the total pore volume, and the HY zeolite has:

(a) a Si0,/Al,03 (molar ratio) of 3 to 10,

(b) a crystal lattice constant of 2.435 to 2.465 nm,



comparatively mild desulfurization conditions. [0013] <HY Zeolite> The HY zeolite used in the
catalyst according to the present invention has the 15following physical properties (a) to (d): (a) a
SiO2/A1203 (molar ratio) of 3 to 10, (D) a crystal lattice constant of 2.435 to 2.465 nm, (c) a molar ratio
of Al within the zeolite framework relative to the total A4 content of 0.2 to 0.9, and 20(d) a crystallite
diameter of 30 to 100 nm. [0014] (a) SiO2/AI203 (Molar Ratio) The SiO2/Al203 (molar ratio) can be
measured by chemicalepmpeisitian asradysistising asvliRramalysis methedo tifcThalbulkosi®z/Al203 (molar
ratio) of the HY zeolite used in the catalyst according to the present invention, determined by chemical
composition anady$is, tis Withimla range from 3 to 10, and preferably from 5 to 8. By ensuring that the
SiO2/AI1203 (molar ratio) is at least 3, a satisfactory amount of active sites can be ensured, enabling 5the
isomerization of alkyl grupy stahideliais it feteliffiewinto desulfurize, and the hydrogenation of
benzene rings to proceed satisfactorily. Further, by ensuring that the SiO2/AI203 (molar ratio) is not more
than 10, cracking of thé¥&ddistock (hydrocarbon 0|I) is unlikely to occur, enabllng any deterioration in the

liquid yield t be suppr d. Tla I-{?( zeolite us the present inve tlon‘;]lHl caII the same crystal
L0strueture 35 a atural GELCHI A ATACRS AU ML D SGrBEN I RO B M e form
[0015] invention has superior desulfurization activity, and therefore the sulfur content within a
gas oil fraction can be reduced dramatically.
Further, the hydrodesulfurization catalyst for a hydrocarbon oil according to the
present invention can be used under reaction conditions that are substantially the same as,
10 or even milder than, those used during conventional hydrotreatments, and therefore the
catalyst can be used to replace conventional hydrodesulfurization catalysts without
requiring significant improvements to conventional hydrodesulfurization unit.
Moreover, by using the hydrodesulfurization catalyst for a hydrocarbon oil

according to the present invention, a gas oil base with a low sulfur content can be

15  supplied relatively easily.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]
FIG. 1 is a diagram which illustrates, for catalysts A to D and catalyst X, the
20  relationship between the crystallite diameter (nm) of the zeolite contained within the

catalyst, and the desulfurization reaction rate constant (Ks) .

EMBODIMENTS OF THE INVENTION

[0012]



[Chemical Formula 1] (0.02 to 1.0) R2/m0-Al203-(5 to 11) Si02-(5 to 8) H20 15wherein R represents Na,
K and other alkali metal ions and alkaline earth metal ions, and m represents the atomic valence of R.
[0016] (b) Crystal Lattice Constant The crystal lattice constant (unit lattice dimension) of the HY zeolite
can be 20 measured using an X-ray diffraction apparagus (XRD). In this description, the "crystal lattice
constant of the HY zeolite" refers to the size of a single unit that constitutes the HY zeolite. The
crystal lattice constant Di¢hgdrbdezenlite ssaccinathe presendiuaestiosiliscastaingsangsdrom 2.435 to
2.465 nm, and preferably from 2.440 to 2.460 nm. Provided 25the crystal lattice constant is at least 2.435
nm, the Al number¢numhberoiffl atomsieiseBtsuitatblectonl promating ghe tisopnexizatioanabalkyl groups of
materials that are difficult to desulfurize, and the hydrogenation of benzene rings, whereas provided the
crystal lattice coffstantalysiotapord thamp s thm ceraltkingybf ehsncadatbeiobetheneidosidss
suppressed, and coke deposition, which is one of the main causes of catalyst deactivation, 5can be
inhibited. [0017] ‘(E)dﬁ/liﬂ‘é{fef-‘z%‘ﬂéa&‘%ﬂ HrminaReIZzadhteZerHin BNRR TRratirerty Sfﬁft]aﬂ’rﬂl’%‘?ﬂent The
number of moles of aluminum gtoms within th zeolite ramew rk relative to he total pumber of moles of
aluminum z;%oms MINtHE Z8olite” éCnSBéaSSI%rﬁf‘a {88 RShY SHEPE GBI DA Pﬁf?o 8?%??% by chemical
composition an $\£§|§ ng t ecr Zfaclrlattlge nstant, us | thngPryOrVg},” fOer%1 5&; tol D) The formula
(A) employs the ula c? di0%ed by HK e%/er et ali] ‘Ehem. Soc., ay Trans., 1 (81), 2899

(1985). [0018] Farm é@t)lﬁ'é'ﬁﬁys@? rpdary, /agcpg%%ﬁlﬁg He%ﬁy@‘?é@?l@ﬂ&ﬁeé‘&’fﬁﬁ@%%@ﬁ%? the crystal

lattice constant (nm), represents he number of Al atoms per unit lattice, 2.425 is the crystal lattice
constant when al|,theAhatgasavithintbebnitagise framewatkiare éemeyediautsidedthaframework, and

0.000868 is a calculated value determined by experiment, and represents the gradient
they satisfy specific ranges, a long-life hydrodesulfurization catalyst can be obtained that
10 can perform a hydrotreatment with a satisfactory desulfurization rate even under
comparatively mild desulfurization conditions.
[0013]
<HY Zeolite>
The HY zeolite used in the catalyst according to the present invention has the
15  following physical properties (a) to (d):
(a) a Si0,/Al,03 (molar ratio) of 3 to 10,
(b) a crystal lattice constant of 2.435 to 2.465 nm,
(c) a molar ratio of Al within the zeolite framework relative to the total Al content
of 0.2 t0 0.9, and
20 (d) a crystallite diameter of 30 to 100 nm.
[0014]
(a) Si0,/Al,03 (Molar Ratio)
The Si0,/Al,O3 (molar ratio) can be measured by chemical composition analysis

using an ICP analysis method.



when ao and NA! are correlated using a linear equation (ao = 0.000868NA, + 2.425). 20[0019] Formula
(H): [(Si/A1) calculation formula] = (192-NA! In the formula (B), 192 represents the number of atoms
(Si+Al) per crystal lattice constant of the Y zeolite. [0020] 25Formula (C): [(Si/A1) chemical composition
analysis value] = [5i02/A1203 (molar 9 ratio)] / 2 Formula (D): [Al within zeolite framework] / [total Al] =
[(Si/A1) chemical composition analysis value] / [(Si/Al) calculation formula] [0021] 5The molar ratio of the
aluminum atoms withintthebzaotite franmwetiaietative tehthg Yoiad nelmbe irohaltiminim atoms within the
HY zeolite used in the present invention (namely, [Al within zeolite framework] / [total Al]) is within a range
from 0.2 to 0.9, anchplieferatily frevmenmOidviotdi7, BSinceithé motanmatibcompkivithimzesiitesframework] / [total
Al] is set in the above mentioned range, acid sites can be formed to suitably perform the 10isomerization
and the hydrogen&tiom emdethiere By dEsirap lerefesifufizatiotoactivitysan etz ieved[0092] (d)
Crystallite Diameter In the catalyst according to the present invention, the crystallite diameter of the
15HY zeolite thalt TEIASEYVth BfbAsUTE SIAE ARKILSS ARfSctiln SPpsrstiecarid 48 i8fined by the

procedure (1) to (4).described below. 1) The dlffr ctjon peaks for the zeglite are Iculated using an
X-ray diffraction éﬁb%’r’?fd ation 0 k%l'lgﬁ% eARELGR Ss 8%“?18%3&}‘\1% sy e ﬁ'@ (642) plane and

the (555) 20pla %re us d to Iculate the cIull mdtt&)at h for each of th% a%Iﬁ\]nes (3) For

each of the (533) plane, the (642) plane and the (555) pl ane“’ﬂw% R AT R P masimum

Is inserted into t@%ﬁ&hﬂ%ﬂ&%fﬁ'@o%rmk‘lﬂoﬁ@dﬁﬁ'%‘!)CFQCQEE?B@H%%Q&&JZI?(%ﬁ%ﬁtm{i‘%ﬁ)

is unlikely to occur, enabling any deterioration in the liquid yield to be suppressed.
The HY zeolite used in the present invention has basically the same crystal
10 structure as a naturally occurring faujasite, and has the composition shown below in an
oxide form.
[0015]
[Chemical Formula 1]
(0.02 to 1.0) Ro/mO-Al,O3:(5 to 11) SiO»+(5 to 8) H,O
15  wherein R represents Na, K and other alkali metal ions and alkaline earth metal ions, and
m represents the atomic valence of R.
[0016]
(b) Crystal Lattice Constant
The crystal lattice constant (unit lattice dimension) of the HY zeolite can be
20  measured using an X-ray diffraction apparatus (XRD). In this description, the "crystal
lattice constant of the HY zeolite" refers to the size of a single unit that constitutes the
HY zeolite.
The crystal lattice constant of the HY zeolite used in the present invention is
within a range from 2.435 to 2.465 nm, and preferably from 2.440 to 2.460 nm. Provided

25  the crystal lattice constant is at least 2.435 nm, the Al number (number of Al atoms) is



(4) The zeolite crystallite diameter is defined as the average value of the three 25plane sizes determined
in (3). 10 [0023] Formula (E): D =l Pops() In formula (E), D represents the zeolite crystallite diameter (A),
K represents the Scherrer constant, k represents the X-ray wavelength (nm), p represents the full width at
half 5maximum (rad), and O represents the diffraction gngle (). [0024] The crystallite diameter for the
HY zeolite used in the present invention, determined using the above formula (E), is within a range from
30 to 100 nm, andipréarabyfiomAhdasOmdm By enauyingdhat dhezeolitetery stallifgidinmeter satisfies
10this range, there is no loss in the function of the catalyst in promoting isomerization and hydrogenation,
coke deposition,dahichriseomel dicthedmnaimgausgoireduced, catalyticpactivity flcacrpeindtibited, and any
deterioration in the liquid yield caused by cracking reactions can be inhibited. [0025] 15 <Complex Oxide
Carrier>  In thercttailyseeideoriingtd the presentinyehtiericedtindrgfdhtaodidiécedntaining alumina as
the main component and also containing the aforementioned HY zeolite is used as the carrier.
Specifically, the SRBISSE&CHEY Mt 16 ipResdithivertiohlis Praparatr by iratEYnatry €dalt (Co),
molybdenung (Mo) and phosphorus (P) on a 20complex oxide carrier containing, as essential
components, 80% BU%5 of alumina and | to 20 mass % of the HY zeolite relative to the total mass
of the carrier. [0026] TE&) ount of the HY zeolite within the complex oxide carrier, relative to the total
mass of the carrier, is preferably within a range from 2 to 10 mass %, and more 25preferably from 4 to 8

mass %. If the a(@%‘ia‘?fﬂtﬁ?o'dﬂé%%%'&9%‘881&%0@&%%9{ 19%ive to Total Al Content

The number of moles of aluminum atoms within the zeolite framework relative to
the total number of moles of aluminum atoms in the zeolite can be calculated from the
10 SiO,/Al,0; ratio determined by chemical composition analysis and the crystal lattice
constant, using the following formulas (A) to (D). The formula (A) employs the formula
disclosed by H.K. Beyer et al. in J. Chem. Soc., Faraday Trans., 1, (81), 2899 (1985).
[0018]
Formula (A): Naj = (ao - 2.425) / 0.000868
15  In the formula (A), ao represents the crystal lattice constant (nm), N represents the
number of Al atoms per unit lattice, 2.425 is the crystal lattice constant when all the Al
atoms within the unit lattice framework are removed outside the framework, and
0.000868 is a calculated value determined by experiment, and represents the gradient
when ao and Ny, are correlated using a linear equation (ao = 0.000868N; + 2.425).
20 [0019]
Formula (B): [(Si/Al) calculation formula] = (192 - Nuj) / Na;
In the formula (B), 192 represents the number of atoms (Si+Al) per crystal lattice
constant of the Y zeolite.
[0020]

25 Formula (C): [(Si/Al) chemical composition analysis value] = [Si0,/Al,O3 (molar



11 large, then molding of the catalyst tends to become difficult. Further, if the amount is too small, then
formation of the Bronsted acid sites or Lewis acid sites that function as the acid sites on the catalyst may
be unsatisfactory, whereas if the amount is too large, there is a possibility that superior diffusion of the Mo
may be inhibited. 5[0027] The alumina used in thegarrier of the catalyst according to the present
invention may be any of the various forms of alumina such as a-alumina, 13-alumina, 7-alumina or
6-alumina, but arpespu alumina having a high specific surface area is preferable, and 7- alumina is
particularly suitable. The purity of the alumina is typically at least 10 approximately 98 mass %, and
preferably 99 mass % 6pgreatdp)HxXdmples abimpiritiesdidt matyl exist Witk thieealigaiina include SO42-,
CT, Fe203 and Na20, but the amounts of these impurities are preferably as small as possible.
Specifically, the totapemonnndy sl irperitiesid hygicallipotanomathan 2 mass %, and preferably 1 mass
% or less. In terms of individual impurities, the amount of 5042- is preferably less than 1.5 mass %, and
the 15amounts of CE, F¥208 and Na20 are preferably less than 0.1 mass %. [0028] There are no
particular Iirﬁitations onﬁbhe s(gecific SLtrface area, the pore .VO.IurEe or the mean pore diameter of the

r

alumina carrier containing REAFGHSEHIFGHEE PP A8t LR EaS RHiS Bt order to

prepare a catalygt fiaving, ARowerTul 200vdiadesyuizatay aciityrelatye. .aasols, fhe specific
surface area is typically within a range from approximately 240 to 500 m2/g; and preterably from

approximately 300,10 ASPAMe/ e AR E-YOLWBA S PRl Withifia 13008 oM @PRGMALely 0-55 10 0.9

ml/g, and preferably from approximately 0.65 to 0.8 ml/g, and the mean pore diameter is typically within a

range from approxirsatalyrRinto.4 2004, andepiatarably frioem 2Eanpiax majel Bada 9tk fy. [32[0029]  In
the complex oxide carrier, by ensuring that the specific surface area is at least approximately 240 m2/g,

the dispersibility of| thecadtivie: meial snimpsave snaachai Caitalysintavingnsd pesiondgsuftuization activity is
obtained. Further, if the pore diameter of the 5catalyst is too small, then diffusion of the sulfur compounds
into the catélyst porasitends todskeunsatisfaciony andrichebanlgesiltei deaudfeterioration Viiytlhendesulfurization
activity, but by ensuring that the specific surface area is not more than approximately 500 m2/g, the pore
diameter of the ¢8rfidY¥4A: be prevented from becoming very small, meaning the pore diameter of the
catalyst also does not become too small. 10[0030] In the complex oxide carrier, if the amount of the
solvent medium that péﬁ%%?&tes into the pore volume is too small, then the solubility of the active metal
compounds may(%e rea?af and the dispersibility of the active metals decrease, resulting in a low-activity
rn

catalyst. By ensﬁ gr¥ﬁt§1 e ﬁ%r%t\%lume is approximately 0.55 mug or greater, a 15satisfactory amount

of the solvent is able tqnbﬁlei:ncta{%g}!’é?ggc(i)%?n%m% Rl%r&é/s%ll%‘{% é’HQ r'ﬂ Elbéa crystallite diameter of the

15  HY zeolite that is used can be measured using an X-ray diffraction apparatus, and is
defined by the procedure (1) to (4) described below.

(1) The diffraction peaks for the zeolite are calculated using an X-ray diffraction
apparatus.

(2) The peaks corresponding with the (533) plane, the (642) plane and the (555)

20  plane are used to calculate the full width at half maximum for each of the planes.

(3) For each of the (533) plane, the (642) plane and the (555) plane, the value for
the full width at half maximum is inserted into the Scherrer formula (formula (E) below)
to determine the size of each plane.

(4) The zeolite crystallite diameter is defined as the average value of the three

25  plane sizes determined in (3).



catalyst is prepared by a typical impregnation method. Further, a method may be used in which a large
amount of an acid such as nitric acid is added to improve the solubility of the active metal compounds, but
if the amount of added acid is too large, then the specific surface area of the carrier may sometimes
decrease markedly, resulting in 20 reduced desulfurizggion performance. By ensuring that the pore
volume of the complex oxide carrier is not more than approximately 0.9 ml/g, a catalyst can be obtained
which has a satisfactonyepgcific surface area, and exhibits good dispersibility of the active metals and
superior desulfurization activity. [0031] 13 Furthermore, if the pore diameter of the catalyst is small,
then there is a possibilifgrithatadiffudion Bi tHes@lfur compounds into the catalyst pores may be
inadequate, resulting in a reduction in the desulfurization activity. By ensuring that the pore diameter of
the complex oxide arries (§alleewespbrdxi rralely G- nllimpragtietiny -Softhe wotivdnrebalseyields a
catalyst in which the pore diameter is satisfactorily large. On the other hand, if the specific surface area of
the catalyst is to6°8a#; MEPrEpaYe fee X gassmnrip et ) disisersipnity sritHevdeihve Ridtals may be
decreased, resulting in a reduction in the desulfurization activity, By ensuring that the pore diameter of the
complex oxiéee CSW%W%%? t?‘l%?ﬁrgf)eﬁ%ﬁ'f i‘éﬁ@ci%aﬂgﬁ g&talyst having a 10satisfactory specific
surface area can be ohtajned. [0032] Besides the alumina and the HY zeolite, the complex oxide
carrier may also include other inorganic oxides such as boria, silica, silica-alumina, titania and zirconia,

provided the physical prgperfies At thecacies-andike pysical AR IS Af e fRjalyst 15satisfy the

prescribed ranges mentioned above. [0033] <Hydrodesulfurization Catalyst for Hydrocarbon Oil>

Examples of the {e@,6aRRReUNG iRRpIegRALRM QR (e SOMBIRX Axidercanrigr inchodethe carbonate salt,
acetate salt, nitrate salt, sulfate salt and the oxide, and of these, the 20carbonate salt and acetate salt are

preferred, and the«<tathonatesatisoparnticutarbndesisable the zeExamplesiot tenMercampesind impregnated
on the complex oxide carrier include molybdenum trioxide, phosphomolybdic acid, ammonium molybdate
and molybdi¢ aciblisamtzofttieese,noHosphomdlybdimatithacmdatmelbpemangioriderians prefdrred. 25[0034]

hydrogenation, coke deposition, which is one of the main causes of reduced catalytic
activity, can be inhibited, and any deterioration in the liquid yield caused by cracking
reactions can be inhibited.
[0025]
15 <Complex Oxide Carrier>
In the catalyst according to the present invention, an inorganic oxide containing
alumina as the main component and also containing the aforementioned HY zeolite is
used as the carrier. Specifically, the catalyst according to the present invention is
prepared by impregnating cobalt (Co), molybdenum (Mo) and phosphorus (P) on a
20  complex oxide carrier containing, as essential components, 80 to 99 mass % of alumina
and 1 to 20 mass % of the HY zeolite relative to the total mass of the carrier.
[0026]
The amount of the HY zeolite within the complex oxide carrier, relative to the
total mass of the carrier, is preferably within a range from 2 to 10 mass %, and more

25  preferably from 4 to 8 mass %. If the amount of the HY zeolite is either too small or too



14 In those cases where a compound such as phosphomolybdic acid which contains phosphorus (a
phosphorus compound) is used as the Co compound or the Mo compound, the phosphorus derived from
this phosphorus-containing compound may function as the phosphorus that is impregnated on the
complex oxide carrier. Further, in those cases 5 wherga phosphorus compound is not used as the Co
compound or the Mo compound, or those cases where the phosphorus derived from such a
phosphorus-contaigingaompewadalane s yesuffisienbdeosatislyithr. presesibednamaunitaf plosphorus,
another phosphorus source is used. Examples of this other phosphorus source include the various
phosphoric acidspaitidtspetifiocaliynorthiopRasphdricidcid;smetapliospt eric dcid{ypytophesighoric acid,
10triphosphoric acid, tetraphosphoric acid and polyphosphoric acid. Of these, orthophosphoric acid is
particularly desiriiesi {0035hOfabseastive woats s Mirsedolcbataneureiative liogthéhwstal mass of the
catalyst and calculated as the oxide, is within a range from 3 to 6 mass %, and preferably 15from
approximately 315 P& HPAEY %?tlf‘iﬁ%?‘@dllf&ﬂ@ﬁf’@q?@)(l}@rﬁ}iw, RREHPIES is a possibility that the number of
active sites ;ttributable 0 may be inadequate, whereas if the Co content is too large, then not only
can aggregation of the mpound cause a decrease in the dispersibility of the active metals, but
species of the inactive P%QCWSOV Co3 4( hich.exi§t% escgl:ta §t8a gcc)(l)l%\{vingo%\ta%st l;gtr%s\,,léHﬁu(r)inzation and

during 20hydrotreatment and €o %Sbelnént sSecgfélgrtﬁa ave been mco?ﬁoratg&) within the carrier lattice tend

to be generated,whigh £3N,£ANSE A HERIBASE N HIEGARYIC AGHIR- BY SRSUIANG thahipe,Co content

satisfies the aboverange, a catalyst having superior desulfurization activity can be obtained which has a

satisfactory numberafiacte siesatiibsiabietgConexhipitsraoaekiee Misnersiailit @andopntains a
minimal amount of 25inactive Co compounds. 15 [0036] The Mo content, relative to the total mass of

the catalyst and galatiaiegaasciheigxiae;bis. Witk pairaiogendralinnle o 24icangadeaand preferably from
approximately 18 to 22 mass %. If the Mo content is too small, then there is a possibility that the amount
of 5Mo may be inpuifficientctp HchissdithaéffedtsablirButabied/toMozanrcdtrastesfahenioicontent is too
large, then not only can aggregation of the Mo cause a gecrease in the dispersibility of the active metals,
but because the fififey gieshriblumthsrdetive inekads Hht cah be:tisputdbdefhicidimigniewktebded, and the
specific surface area of the catalyst tends to decrease significantly, no further improvement can be
expected in the ASAyTYGRENPrEgaHsdningthat fresiis coptehcalidip OBV atge, a catalyst

having superior desulfurization aﬁtivit can be ohtaine Whigh h s%sa[tisfactgrx qffect[attributable to Mo,
exhibits good ME BTt &MY HACS"SAMIAcHAHY Lok SlitRbe Lpg: ™ Ortess. In terms

as a sSa at%'Ty sur ac‘é area.
of individual impurities, the amount of SO,” is preferably less than 1.5 mass %, and the
15  amounts of CI', Fe;O3 and Na,0O are preferably less than 0.1 mass %.
[0028]
There are no particular limitations on the specific surface area, the pore volume or
the mean pore diameter of the alumina carrier containing the aforementioned HY zeolite
(the complex oxide carrier), but in order to prepare a catalyst having a powerful
20  hydrodesulfurization activity relative to gas oils, the specific surface area is typically
within a range from approximately 240 to 500 m*/g, and preferably from approximately
300 to 450 m*/ g, the pore volume is typically within a range from approximately 0.55 to
0.9 ml/g, and preferably from approximately 0.65 to 0.8 ml/g, and the mean pore
diameter is typically within a range from approximately 60 to 120 A, and preferably from

25  approximately 65 to 90 A.



[0037] 15Phosphorus is added as a component that improves the quality of the active sites in order to
improve the desulfurization activity per unit weight of the active metals, and has a role of precisely
creating the highly active Co-Mo-S phase (desulfurization active site). In other words, the phosphorus has
the effect of improving the acid property of the catalysipand when the catalyst displays a favorable value
for the acid property, the 20dispersibility of the active components improves, the amount of acid sites on
the carrier reaches an ppi9ial value, and adsorption of sulfur compounds is promoted, thereby improving
the sulfur compound hydrodesulfurization activity. [0038] The phosphorus content, relative to the
total mass of the catalyisttbedoogitul atedt asrbthey exide nistvithin peafigeurom :8:1ie 4.Bavtass %, and
preferably from approximately 16 1.0 to 4 mass %. If the phosphorus content is too small, then the
aforementioned affeerssteld diynehie phodishorils Hreoh Bieresiiizatiosdisfaonly aahd ehiehesis a possibility
that the sulfur content within the gas oil fraction may not be able to be removed efficiently. In contrast, if
the phosphorus BBHIERTRETES faryEUiHatcthe didiemehitiorediemdets bithe sphiassridisecome

saturated, and the surface area an pof{,& voluraf of th‘z catalyst tend to ecre@se, resulting in a decrease
dr &

in the desulfiriz&ABN SRy By e Junat thEsRBLPHoTR BBt A A SAEL T @ AP YA ange, the

aforementioned effects.of e RRospharus, can, he salistadtoriyrealizad. while suppressing ny decrease
in the surface area or pore vofur%’e of the cata}lyst. 1 %)%(gf ithin tghe above rangeg for the amounts

of the componenys &i%ngtﬁth SPRrYSeIne, RUMA): MBRSHaHI REERR IS RGHYE Metals Co and Mo,

reported as the value of [Co0]I[Co0+Mo03], is preferably within a range from approximately 0.12 to 0.24,

and the optimal masaitatio-petmranthe agtive netatdMerandibsbhosphamsnviichiisiyactions as a
component for improving the acid property of the catalyst, reported as the value of [13205]/[M003], is

preferably withinpareadigedika st appraximaitly &5t B:2anmfa046hall. If the mass ratio between Co and
Mo as indicated by the value of [Co0]I[Co0+Mo003] is too small, then it is thought that the Co-Mo-S phase
which is 20tRought to rEppr¥8ent a desulfurization active site may not be produced satisfactorily, meaning
no improvement in the desulfurization activity. In contrast, if the above value is too large, then there is a
possibility that wasted éhspeselniieds darndt Eohtribirentetie cateptioedtnitih 50 Esc0958 species
and Co spinet species that have been incorporated within the carrier lattice) may be generated, resulting

in a reduction in {He BEEEAYALEEHVIRY BYAEASERMY A4S RELS rAHYBRTALETIRRYS BAY the Mo,

reported . - . o .
P decrease and the dispersibility of the active metals decrease, resulting in a low-activity

catalyst. By ensuring that the pore volume is approximately 0.55 ml/g or greater, a

15  satisfactory amount of the solvent is able to be introduced into the pore volume when the
catalyst is prepared by a typical impregnation method. Further, a method may be used in
which a large amount of an acid such as nitric acid is added to improve the solubility of
the active metal compounds, but if the amount of added acid is too large, then the
specific surface area of the carrier may sometimes decrease markedly, resulting in

20  reduced desulfurization performance. By ensuring that the pore volume of the complex
oxide carrier is not more than approximately 0.9 ml/g, a catalyst can be obtained which
has a satisfactory specific surface area, and exhibits good dispersibility of the active
metals and superior desulfurization activity.

[0031]



17 as the above value, is within the range from approximately 0.12 to 0.24, the Co-Mo-S phase can be
produced satisfactorily while suppressing any generation of inactive Co species, meaning a catalyst
having superior desulfurization activity can be obtained. [0041] 5If the mass ratio between phosphorus
and Mo as indicated by the value of [P205]4MO003] is tgp small, then uniform blending of the Co and Mo
becomes difficult, making it more difficult to obtain the Co-Mo-S desulfurization active sites, and resulting
in a catalyst of lower agiivilyriveQitrashofethaaberervadutisyioeslargd, thenibis inay cause reductions in
the surface area and pore volume of the catalyst, which not only 10results in decrease of catalytic activity,
but also causes pesiitdlieagatiditheiacidityewilith campcaubsea ok depbsitioneamdyibereases the likelihood
of a deactivation in the catalytic activity. By ensuring that the mass ratio between the phosphorus and the
Mo, reported as thisleyeire wallingshwithihahenraribe deorH approxiasttely: Bosren02shiéh€o-Mo-S phase
can be produced satisfactorily while suPpressing any reduction in the surface area or pore 15volume of
the catalyst and BRE0SUPpFESEiNG CURB! HepHLRiohT FhEHigS A CRTaN SR Y SUPSHsaeuIfurization
activity can he obtained.. 0042%Th.e catalyst accordjng to the present invention can be prepared by first
complesing the STOTEHHIHEAH VS oHta Hhth (e ALt G SSRGS S0t obiained

complex oxide cayr '%%"X%ﬁ@r%%? ution.Rrepared by dissolving t@ﬁa?osrf%’?o“f)”ﬁrﬁaﬂf EQ%% Yaerr'é’%‘ssafcompone”tfs
mentioned above in a solvent such as Water or an acid. xamples of the method used for complexing

the alumina and ﬁ@&i‘b‘ﬁ{&%@%é%&?&@i@iﬁ?%ﬁ%@%@%@ﬂ“&q gncading methad, 25(0043] 18

The method used for impregnating the complex oxide carrier with the Co, Mo and phosphorus

components is preferabivfieng-sigR-{mpsageation methedinwhichdhe caftigeis imnpiegnated
simultaneously with all of these components. The reason for this preference is that a one-step

impregnation meihaglis cosicered narenadyantaggeusifiorbthe peispattive:ofitba catalyst properties
such as the number of desulfurization active
10  satisfactory specific surface area can be obtained.

[0032]

Besides the alumina and the HY zeolite, the complex oxide carrier may also
include other inorganic oxides such as boria, silica, silica-alumina, titania and zirconia,
provided the physical properties of the carrier and the physical properties of the catalyst

15  satisfy the prescribed ranges mentioned above.

[0033]
<Hydrodesulfurization Catalyst for Hydrocarbon Oil>

Examples of the Co compound impregnated on the complex oxide carrier include
the carbonate salt, acetate salt, nitrate salt, sulfate salt and the oxide, and of these, the

20  carbonate salt and acetate salt are preferred, and the carbonate salt is particularly
desirable.

Examples of the Mo compound impregnated on the complex oxide carrier include
molybdenum trioxide, phosphomolybdic acid, ammonium molybdate and molybdic acid,

and of these, phosphomolybdic acid and molybdenum trioxide are preferred.

25 [0034]



sites, the acid property and the pore properties, and also from an operational perspective. In other words,
in a one-step impregnation method, because the Co and the Mo are uniformly blended together and
incorporated within the carrier, the amount of the CoMo-S phase which represents the desulfurization
active sites can be increased 10significantly. At this tiqxe, if the phosphorus component also exists in the
impregnation solution, then the uniform blending of the Co and the Mo is accelerated. In contrast, in an
impregnation method imwhighcthesGoand tbapdonaraeimp eanaieshvigalivweistepifiecesssdt is thought
that the blending of the Co and Mo may sometimes not proceed satisfactorily, making formation of the
Co-Mo-S phase gfdipaesGifphizationactivesitds il Smore difficultoRpowexample Mhe afprementioned
inactive precursor Co304, and Co spinet species that have been incorporated within the carrier lattice but
do not contributéhothesidtalyerethvigmnehd pbdsehfatmeen {0044 T Om epkeific mstageoflitnpregnating
the Co and Mo on the carrier is described 20 below. First, a solution containing the Co, Mo and
phosphorus conPESrirE RS HBPRAG At pB e eoRtai E WR GapHGr IS APnE<pRS & Tompound need

not necessarily be added, but may still be added in an appropriate amount) is prepared. During

T o B G e A TP Gy g O e e e B By be used

25to accelerate mg dissoluti]g)n OLQ‘ compou ds. Ié)%am S!ecsh%f %@%%that ml%xige addedoulg include nitric
I a

. . S€ cases where t TusS derived. 1o Orus-co 1 (8] n
acid, and organic acids such as citric a , acetic acmf, malic ac tartaric acid: gurB%equently, the

prepared solutiop is added gradualy. A0 impprapaked MH&M(B%MEB&&%@ s gauier. The

impregnation time is typically within a 5 range from approximately 1 minute to 5 hours and preferably from

approximately 5 gipidesited pauisiandt the terepstaipis:ls ticalywidbimaiange frempRrroximately 5
to 100C and preferably from approximately 10 to 80C. There are no particular limitations on the

atmosphere, andidtie, imprpgriaton mayopropeitioimed.imthplapphoatnosp herehaifitoria mtdogen
atmosphere, or under vacuum. 10[0045] Following impregnation of the compounds, the water content is
partially rerdvedi@oibiairthecidOF xdpbsspberigniiibmed isoaprorhmatelyi 008 treless) at a temperature
within a range from room temperature to approximately 80C, under a stream of nitrogen or a stream of
air, or in a vacuuitihee prodassiyst iBaHew dheds tR8rying oven or under

[0035]
Of these active components, the Co content, relative to the total mass of the
catalyst and calculated as the oxide, is within a range from 3 to 6 mass %, and preferably
15  from approximately 3.5 to 6 mass %. If the Co content is too small, then there is a
possibility that the number of active sites attributable to Co may be inadequate, whereas
if the Co content is too large, then not only can aggregation of the Co compound cause a
decrease in the dispersibility of the active metals, but species of the inactive precursor
Co304 (which exist as CoySg following catalyst presulfurization and during
20  hydrotreatment) and Co spinel species that have been incorporated within the carrier
lattice tend to be generated, which can cause a decrease in the catalytic activity. By
ensuring that the Co content satisfies the above range, a catalyst having superior
desulfurization activity can be obtained which has a satisfactory number of active sites
attributable to Co, exhibits good Co dispersibility, and contains a minimal amount of

25  inactive Co compounds.



15a stream of air at approximately 80 to 150C for approximately 10 minutes to 10 hours. Subsequently,
the catalyst is calcinated in a furnace under a stream of air at a temperature of approximately 300 to 700C
for a period of approximately 10 minutes to 10 hours. [0046] The state of the distribution of active
metals within the catalyst according to the 20present ipgvention is preferably uniform, with the active
metals distributed evenly through the catalyst. [0047] For the catalyst according to the present invention
prepared in the mannefoo3adescribed above, in order to enhance the hydrogenation activity and
desulfurization 25activity of the catalyst relative to kerosene, gas oil and heavy gas oil fractions and the
20 like, it is necessary Thedhiraltiaet spécific tsuhfaceahneas thiehparealcluméecahdltiel mabe pore diameter
of the catalyst so as to satisfy the numerical ranges described below. [0048] The specific surface area
(BET specific supfdée sreahofahengataiyst déeafdimgsitr 5ihe prégehbifvantionormaasiirdd By the nitrogen
adsorption method (BET <Brunauer- Emmett-Teller specific surface area> method), is within a range from
210 to 280 m2/g>aRdss brefePadr romeabisroRinmitén opthtsI50 rpigiptHE BETR &P8Rif surface area
is too small, then the dis e.rsib'}igt}/ of the active meﬁals decreases a thindesulfurizfaﬂgé{%activity
decreases, Wher€a 1 ¥HE BEF SEEinc St arbsqs (8 hAHAe iR tnd” 58P0 dIARTEYEr becomes very
small, meaning the pore gig eterﬂg)éc the catal st also dq{:()r]%aa§ﬁ]sé,l\§[gocl Jgs%relzprce \évhqlq thee hydrotreatment

) . { t . o
is performed, diffusion of the saffur c%?ﬁ’pS&K S w?éﬁ%acataﬁyst pores ten sto beina equate, resulting in

a reduction in the;desylfiizaHan acivity By enzwing.hatdne BlirPaaiie S iae.area et the catalyst

satisfies the above range, the dispersibility of the active metals is improved, and the pore 15diameter can

be formed with aisatisfastaiypsize enaRing a catalyst having spReriotdesyfrizatianaetiyity to be
obtained. [0049] The pore volume of the catalyst according to the present invention, measured by the

mercury intrusiorendetb odeisaveitgni & o:aunigents otk Sitep b Ge Mg candd s ppreiedab 2 0ftamiapproximately
0.35 to 0.5 ml/g. If the pore volume is too small, then when the

10 activity. By ensuring that the Mo content satisfies the above range, a catalyst having
superior desulfurization activity can be obtained which has a satisfactory effect
attributable to Mo, exhibits good Mo dispersibility, and has a satisfactory catalyst surface
area.

[0037]

15 Phosphorus is added as a component that improves the quality of the active sites
in order to improve the desulfurization activity per unit weight of the active metals, and
has a role of precisely creating the highly active Co-Mo-S phase (desulfurization active
site). In other words, the phosphorus has the effect of improving the acid property of the
catalyst, and when the catalyst displays a favorable value for the acid property, the

20  dispersibility of the active components improves, the amount of acid sites on the carrier
reaches an optimal value, and adsorption of sulfur compounds is promoted, thereby
improving the sulfur compound hydrodesulfurization activity.

[0038]

The phosphorus content, relative to the total mass of the catalyst and calculated as

25  the oxide, is within a range from 0.8 to 4.5 mass %, and preferably from approximately



hydrotreatment is performed, diffusion of the sulfur compounds into the catalyst pores tends to be
inadequate, resulting in unsatisfactory desulfurization activity, whereas if the pore volume is too large,
then the specific surface area of the catalyst becomes very small, causing a decrease in the dispersibility
of the active metals and yielding a catalyst having 25lpgv desulfurization activity. By ensuring that the pore
volume of the catalyst satisfies the 21 above range, the sulfur compounds can diffuse satisfactorily into
the catalyst porespand a:gatalyst havying hsatsiactarysspecific suifacteanda: ardisupesoedesulfurization
activity can be obtained. [0050] 5For the catalyst according to the present invention, the mean pore
diameter in a poré distnibttigmengasusad: bytthelimersuryfintousjommbtho d ispwithibilisy rhagdédrom 75 to 95
A, and preferably from approximately 80 to 90 A. If the mean pore diameter is too small, then diffusion of
the reactants inte'the poresthadomés gadpeel difficon midehbeafdecare wazuitdrizationthedetion does not
proceed efficiently, whereas if the mean pore 10 diameter is too large, then although diffusion into the

pores is favorabfEn{fs totahsnbRipBsYE SaREIIdStNe Fstedifadhsadesmerintrgaticat&d thion in the

effective specific surface area of the catalyst, and a reduction in the catalytic activity, By ensuring that the
mean pore qiamBaHOY o REALA <Y USRS AL SHBUE SARgE e StV ShEHE LA rea of the

catalyst is satisf@c%)ri% large qtnd the reactants are gblq to.diffuse a§ilyﬂﬂto the.159%[ meaning a
3 f : %% .
catalyst can be obtained that enaples the desulfurization lflgé%tll%nnatco“ﬁ%cegcf %ﬂﬁnéooa efficiency. [0051]

Further, in order jo, INGICASE e LHRSHLE AUMBEL AhROTES thaksRHEMALNR PQ%E ganditions described

above, the proportion of pores within the catalyst pore distribution 20 that have a pore diameter within a

range of 15 A frgmuthgsmeampRrediamstay isdvpigaliviat ieastH% «andderefarably-apprximately 80% or
more, of the total pore volume. Moreover, the pore distribution is preferably monomodal. A catalyst for

which the pore distibtifior \skhasphas dawestpores that do not contribute to the catalytic 25activity, and
therefore enables a higher level of desulfurization activity to be obtained. 22 [0052] There are no
particular libfitations ol @Agdshape of the catalyst according to the present invention, and the types of
shapes typically used for these types of catalysts may be employed, including cylindrical shapes, trilobe
shapes and quadlobe SKapeshapfeogsAanges for the amounts of the components Co, Mo and

phosphorus, the optimal mass ratio between the active metals Co and Mo, reported as the
value of [CoO]/[CoO+MoO0s], is preferably within a range from approximately 0.12 to
0.24, and the optimal mass ratio between the active metal Mo and the phosphorus which
15  functions as a component for improving the acid property of the catalyst, reported as the
value of [P,05]/[M00s3], is preferably within a range from approximately 0.05 to 0.25.
[0040]
If the mass ratio between Co and Mo as indicated by the value of
[CoO)/[CoO+Mo003] is too small, then it is thought that the Co-Mo-S phase which is
20  thought to represent a desulfurization active site may not be produced satisfactorily,
meaning no improvement in the desulfurization activity. In contrast, if the above value is
too large, then there is a possibility that wasted Co species which do not contribute to the
catalytic activity (such as CoqSg species and Co spinel species that have been
incorporated within the carrier lattice) may be generated, resulting in a reduction in the

25  catalytic activity. By ensuring that the mass ratio between the Co and the Mo, reported



50f the catalyst according to the present invention typically includes a diameter of 1 to 2 mm and a length
of approximately 2 to 5 mm. [0053] The mechanical strength of the catalyst according to the present
invention in terms of the side crush strength (SCS) is preferably at least approximately 21 lbs/mm. If
10the SCS value is less than this value, then there is @ypossibility that the catalyst packed inside the
reactor of hydrodesulfurization unit may be crushed, generating a differential pressure inside the reactor
and making continueus epevation oiimenhydrateatmneapprpossibeo Theoanmpaeted-biksdensity (CBD) of
the catalyst according to the present invention is preferably within a range from approximately 0.6 to 1.2.
15[0054] <HydrqthestmeriteMethoddsingdhiertydiodespifusidati onyQatelystn of inhibéve&talyst according to
the present invention can be used for hydrotreating hydrocarbon oils in a similar manner to other
desulfurization ceitedigstsnarhengatedimy 4 desraing e ivialprdSemairnertion esHibits biaiesdremely high level
of desulfurization 20activity, and can substantially reduce the sulfur content within a hydrocarbon oil, and
particularly a gas oil fré@ﬂgH, not only under similar reaction conditions to those employed in conventional

hydrotreatments, but eyen under milder conditions than are conventionally used. [0055] 23 For
xample. by oringing 1 LA 4G GG B THETSRSEM HoGRHBHAA SHG/ A B o containing

sulfur compoun s oil fraction) into contact and. performi esulfurization under
ﬁ]zg%éma% %%OO smalﬁ % en um%or olg]len(c:im%no Eei]gl O ang%;ﬁggecomes (ﬁﬁﬁcuﬂ,

conditions inclu en partia |t’3ressure00|En approximat to a, a temperature of

approximately 300, ig,4 206, 20 AW B AU SPRRE VEIAGHY- 05 ARPIONMAIEY A PriQ Rkl 1. the

amount of sulfur compounds within the hydrocarbon oil can be reduced, including those sulfur compounds

that are difficult tg desulfurigeiPOSRliTine sHlfurcantanhofitbe:RrosuEted RRiained Bysperforming a
hydrotreatment 10using the catalyst according to the present invention is typically not more than 500

ppm, and more speciffealbytivithindeerantecdom approximadaly 201ie A00yppmuidlthoughydependent on the
properties of the feedstock, by using the catalyst according to the present invention, a product oil having a
similar sulfup contenittoncaventiohadtproductivils, bahadbe proguesdrforadomthpesiddyuntiehmilder

hydrotreatment conditions than those 15conventionally employed.
can cause coke deposition, and increases the likelihood of a deactivation in the catalytic

activity. By ensuring that the mass ratio between the phosphorus and the Mo, reported as
the above value, is within the range from approximately 0.05 to 0.25, the Co-Mo-S phase
can be produced satisfactorily while suppressing any reduction in the surface area or pore
15  volume of the catalyst and also suppressing coke deposition, meaning a catalyst having
superior desulfurization activity can be obtained.
[0042]
The catalyst according to the present invention can be prepared by first
complexing the aforementioned HY zeolite with the alumina, and then impregnating the
20  thus obtained complex oxide carrier with a solution prepared by dissolving the
compounds of the various components mentioned above in a solvent such as water or an
acid.
Examples of the method used for complexing the alumina and the HY zeolite
include a coprecipitation method and a kneading method.

25 [0043]



[0057] The treatment target oil (feedstock) for hydrotreatment using the catalyst according to the present
invention may be any oil containing hydrocarbons, and examples of suitable oils include kerosene and
gas oil fractions such as straight-run kerosene, 20straight-run gas oil, catalytically cracked gas oill,
thermally cracked gas oil, hydrotreated gas oil, desulfygized gas oil and vacuum gas oil (VGO). Examples
of representative properties of these types of feedstocks include a boiling point range of 150 to 450C, and
a sulfur content of not meyentitan dseiess Hpl€dadhedde conlpl@rderdiocenableithenbydyoireatament method
using the catalyst according to the present invention to be conducted on a commercial scale, a catalyst
layer composed gfeaplived bedponering pedobfiuidinedtbednpfihe catalysb@toowding tethe present
invention is formed inside a reactor of hydrodesulfurization unit, and the feedstock is then 5introduced into
the reactor of hyeirogesulfrizatispduinitdindesutljevidiald of et sgenanonsreBetitrasander the conditions
described above. In the most general examples, a fixed-bed catalyst layer is formed inside the reactor of
hydrodesulfurizaRFSFF’iﬁﬁﬁ? SrifeREF e s taiaR Wﬁﬂ%ﬁﬂféé&%@ﬁ%é‘ﬁﬁﬁ@%%ﬁ%‘%ﬁ% reactor of

hydrodesulfurization unit and passed through the fixed bed from top to bottom, with the product flowing
from the 1010wl SO Ot JUECHSH BT RORBUER I DBR GAES S ATAM HHRLA! S Yoedstock o

introduced from (e loyier.seclion of he feacior ot ydrodssulfurization walt and passsd.fyeugh the fixed
bed from bottom to top, wit Phe pr%&uct o%vmd) from the upper section o the reactor o '
hydrodesulfurizagionip &&Qg,ﬁﬁ]a]zﬁlg?eﬁ‘YHP‘P&Q%QH&?B%{H@&!‘Q&E{H&%&ec% sipgig YRgghydrotreatment

method which is performed with the catalyst according to the present invention packed into a single

reactor of hydrogdagulfurization ynibear-a Multistags santinueusdydretreatmastmsthedawhich is
performed with the catalyst packed into a series of reactor of hydrodesulfurization unit. 20[0060] The

catalyst accordingds thieqresant icprestiianis astivabed iy adre-sidiurinaitondreatment inside the reactor
of hydrodesulfurization unit prior to use (namely, prior to performing the hydrotreatment). This
pre-sulfurizElion sigafirenyis/pehfo tmedibtha pbnyperaturera@pprokintaielyi2 08 ioA@AC\t@and preferably
approximately 250 to 350C,
solution, then the uniform blending of the Co and the Mo is accelerated. In contrast, in
an impregnation method in which the Co and the Mo are impregnated via a two-step
process, it is thought that the blending of the Co and Mo may sometimes not proceed
satisfactorily, making formation of the Co-Mo-S phase of the desulfurization active sites
15  more difficult. For example, the aforementioned inactive precursor Co304, and Co spinel
species that have been incorporated within the carrier lattice but do not contribute to the
catalytic activity tend to be formed.
[0044]
One specific method of impregnating the Co and Mo on the carrier is described
20  below.
First, a solution containing the Co, Mo and phosphorus compounds (when the Mo
compound contains phosphorus, a phosphorus compound need not necessarily be added,
but may still be added in an appropriate amount) is prepared. During preparation of the

solution, heating (at approximately 30 to 100°C) or the addition of an acid may be used

25  to accelerate the dissolution of the compounds. Examples of acids that may be added



25in a hydrogen atmosphere at normal pressure or with a higher hydrogen partial pressure, 25 using a
petroleum distillate containing sulfur compounds, a petroleum distillate to which a sulfurizing agent such
as dimethyl disulfide or carbon disulfide has been added, or hydrogen sulfide. 5SEXAMPT F S [0061]
Embodiments of the present invention and their effectggare described below in further detail using a series
of examples and comparative examples, but the present invention is in no way limited by these examples.
10First, the analysimmeihadscldseadforsmeastongthe physicaiprepeactiesiand deiamaining the chemical
composition of the catalysts in the examples and comparative examples are described below. [0062]
<Specific Surfacerfirgazxili5The specific surface area was measured by the BET method using nitrogen
adsorption. A surface area measuring device (Belsorp 28) manufactured by Bel Japan, Inc. was used as
the nitrogen adsorptior>tesaceciho8B] RPsedsolutive, ivedpdpnrévdibmatempnsenPere Distribution>
20(Device used) The pore volume, the mean pore diameter, and the pore distribution were measured

using the merculPiRETSIORMBEFOAPAC HBFHKITRSEEST (ViCrBTREHEL RUBP o P20, WHBRUFactured by
Shimadzu Cgrporatiort]]) was used as th? mercurg/gqltrusion dev}ce. [99%?&1 25(Me,asur(§]rgent principles)

range ffom approximately I minute t ours and preferab approximatel
minutes to 3 hours, and the temperature is typically within a range from approximately 5
to 100°C and preferably from approximately 10 to 80°C. There are no particular
limitations on the atmosphere, and the impregnation may be performed in the open
atmosphere, within a nitrogen atmosphere, or under vacuum.
10 [0045]
Following impregnation of the compounds, the water content is partially removed
(so that the LOI <Loss on ignition> is approximately 50% or less) at a temperature
within a range from room temperature to approximately 80°C, under a stream of nitrogen
or a stream of air, or in a vacuum, and the catalyst is then dried in a drying oven or under
15  astream of air at approximately 80 to 150°C for approximately 10 minutes to 10 hours.
Subsequently, the catalyst is calcinated in a furnace under a stream of air at a temperature
of approximately 300 to 700°C for a period of approximately 10 minutes to 10 hours.
[0046]
The state of the distribution of active metals within the catalyst according to the
20  present invention is preferably uniform, with the active metals distributed evenly through
the catalyst.
[0047]
For the catalyst according to the present invention prepared in the manner
described above, in order to enhance the hydrogenation activity and desulfurization

25  activity of the catalyst relative to kerosene, gas oil and heavy gas oil fractions and the



26 The mercury intrusion method is based on the law of the capillary phenomenon. In the case of
mercury and circular cylindrical pores, this law is represented by formula (F) shown below. In formula (F),
D represents the pore diameter, P represents the applied pressure, 7 represents the surface tension, and
0 represents the contact angle. The volume 5of mercugy entering the pores is measured as a function of
the applied pressure P. The surface tension of mercury within the pores of the catalyst was 484 dyne/cm,
and the contact argle wasct3QrglegreasoFaempdaft JuBase-{ildR )4 posOviI065 had THeneefie volume is the
total volume of mercury that entered the pores per gram of the catalyst. The mean pore diameter is the
average value obDcdloutatedf alseafuhction oftP sifilgy porewhstiibltionds dberdhstiizution of D calculated
as a function of P. [0066] 15(Measurement procedure) (1) The power to a vacuum heat deaerator was
turned on, and it was cBl¥ftfrhed that the atmosphere had reached a temperature of 400C and a vacuum

degree of not more than 5x10-2 Torr, (2) The empty sample burette was placed in the vacuum heat
deaerator. 20(3) Once tHé W&Hﬁﬁﬁ“ﬂf@ﬁ?é’éeﬁv@ﬁoﬁ)ﬁ%{é A SKEOL 2B CHHE SR Bfthe 'Sample burette
was closed,ée]md he sample burette was removed from the vacuum heat d%aﬁellre%gr and cooled, and the

e

weight was meallirBE () S TUstal Y WA G I 58 Sshptd 2T (5) The

sample burette Gopiaining e sampie,was. placed. . 10¢ VagHHM At dpaealen (e agyum degree was
reduced to not more than 5x10-2 orr, an the samp?e Wwas held in this state for at least Ghe hour.

(6) The sample Bygett rSfé%ﬁf&‘??Qrﬁ%ﬁ%%%ﬁeg{;fgﬁ%%@W@“ﬁ%@ EE%'%Q&H@@EEQ&%%@OV and

cooled, and the weight was then measured to rmine the sample weigh (7) The sample was

Fcl)gget]i in the cellsab thenAutarRare 9200sibility(8) Meastement waspeFarned using.the fyito-Pore 9200.
7

activity decreases, whereas if the BET specific surface area is too large, then the pore
10 diameter becomes very small, meaning the pore diameter of the catalyst also decreases,
and therefore when the hydrotreatment is performed, diffusion of the sulfur compounds
into the catalyst pores tends to be inadequate, resulting in a reduction in the
desulfurization activity. By ensuring that the BET specific surface area of the catalyst
satisfies the above range, the dispersibility of the active metals is improved, and the pore
15  diameter can be formed with a satisfactory size, enabling a catalyst having superior
desulfurization activity to be obtained.
[0049]
The pore volume of the catalyst according to the present invention, measured by
the mercury intrusion method, is within a range from 0.3 to 0.6 ml/g, and is preferably
20  from approximately 0.35 to 0.5 ml/g. If the pore volume is too small, then when the
hydrotreatment is performed, diffusion of the sulfur compounds into the catalyst pores
tends to be inadequate, resulting in unsatisfactory desulfurization activity, whereas if the
pore volume is too large, then the specific surface area of the catalyst becomes very small,
causing a decrease in the dispersibility of the active metals and yielding a catalyst having

25  low desulfurization activity. By ensuring that the pore volume of the catalyst satisfies the



<Analysis of Chemical Composition> 10(Device used and analysis method) Analysis of the metals within
the catalyst was performed using inductively coupled plasma emission analysis (ICPS-2000,
manufactured by Shimadzu Corporation). Quantitative determination of the amount of each metal was
conducted using the absolute calibration curve methogd; 15[0068] (Measurement procedure) QD) Ina
uniseal were placed 0.05 g of the catalyst, 1 ml of hydrochloric acid (50% by volume), one drop of
hydrofluoric acidaanét TaageQtHauigwalenpanadthemixtuse wwasdoeaigd anchdissaledor0(2ndollowing
dissolution, the solution was transferred to a propylene measuring flask (50 ml), and pure water was
added to bring thetsvghuheiup 1666fmio(Bypehdiresultingselutid upas ndeastined tisingtthieyl CPS-2000.
[0069] [Production Example 1] Preparation of Zeolite 28 A zeolite 1 used in the following example
was prepared usifgtthebteriod described below.  An autoclave vessel was charged with 230 g of a
21.7 mass % aqueous solution of sodium hydroxide, and 29 g of sodium aluminate containing 17.0 mass
% of Na20 and 522.0 rH¥59bs of AI203 was then added to the autoclave under constant stirring. The
solution obtained following addition of the sodiu%aluminate was added, with constant stirring, to 232 g of

a sodium silitate solutio 5.3 HAVIAG A8i02 HSHIEHTIPRIS A 84 1 8548 A Knd 4BFERIAG thorough

stirring of the resultin Enigdyre, the mi>c<1t%ret was acgled.b¥ heatinghat 95C.I9r 12 hours, Fgl wing
. ] d
completion of thlgoéegﬁsgfltﬁé%%lﬁag%%urey 1 ?Nggrcc%lglé {0 70C or%\]/\siéxr]f an trﬁggseyrrl(t)ﬂqesitgd product was

removed, filtered,swashiad, apd.dried, GomRISHRGALRMAUOR OTNA: YnSREHRXEIAIS T g LPmPposition of
the thus obtained seed composition, reported as molar ratios of oxides, was Na20/AlI203 = 16, SiO2/Al203
- 15, H20/AI203 Sngﬁg-then diffusion of the reactants into the pores becomes more difficult, and therefore
the desulfurization reaction does not proceed efficiently, whereas if the mean pore
10 diameter is too large, then although diffusion into the pores is favorable, the total surface
area inside the pores decreases, resulting in a reduction in the effective specific surface
area of the catalyst, and a reduction in the catalytic activity. By ensuring that the mean
pore diameter of the catalyst satisfies the above range, the effective specific surface area
of the catalyst is satisfactorily large, and the reactants are able to diffuse easily into the
15  pores, meaning a catalyst can be obtained that enables the desulfurization reaction to
proceed with good efficiency.
[0051]
Further, in order to increase the effective number of pores that satisfy the pore
conditions described above, the proportion of pores within the catalyst pore distribution
20  that have a pore diameter within a range of +15 A from the mean pore diameter is
typically at least 75%, and preferably approximately 80% or more, of the total pore
volume.
Moreover, the pore distribution is preferably monomodal. A catalyst for which

the pore distribution is sharp has fewer pores that do not contribute to the catalytic

25  activity, and therefore enables a higher level of desulfurization activity to be obtained.



[0070] 15Next, an autoclave vessel was charged with 220 g of a sodium silicate solution having an Si02
concentration of 29 mass %, 31.7 g of sodium aluminate containing 33.0 mass % of Na20 and 36.5 mass
% of Al203, 6 g of sodium hydroxide and 747.0 g of pure water, and following thorough stirring, 8.0 g (dry
mass) of the above seed crystals were added, the resuiting mixture was stirred thoroughly once again,
and the mixture was then 20aged by heating at 95C for 12 hours. Following completion of this aging, the
temperature was coole@d9270C or lower, and the synthesized product was removed, filtered, washed and
dried, yielding the Na-Y zeolite 1. Subsequently, the Na-Y zeolite 1 was placed in a 5 mass %
agueous solution of aniimoniumnoitrate;uémdifiokowingstinengpferi? hmiautes andeticonstant conditions at
2560C, the mixture was filtered to complete an ion exchange treatment. This ion exchange 29 treatment
was repeated twiteseahi thieliproaibthiaehen striedt BPIRUT ted £or eses toco biairi-arsNFI8Ytype Y zeolite
1. The thus obtained NH3-type Y zeolite 1 was calcinated at 600C for 4 hours under a stream of air, thus
obtaining an H-tYS&MPXa6 e pEre sHEISIFbH) aRsTe FEaNDSAEPSHEd aufiRbe S atie ARSOUAS of the
aforementioped sg d Al203 relative to the total amount.of AI203 within the reaction mixture was 0.098
mol%. [0071)  OPROi b SRR Wr BRSBLRA UTA S i L RE HE A BS Bh4Y adecribed for the

zeolite 1. 10For me ze Izit]ee% thtgfa thXISni%ge/rAlgqgsrnolar ratio, the crystal lattice constant, the molar ratio
of Al within the zeolité framewor Félfatlve fo the total Al content ([Al within the zeolite framework] / [total

Al]), and the crystallite @@3’9 ter are shown in Table 1. The SiO2/Al1203 molar ratio was measured by
chemical composition analysis using an ICP analysis method. The crystal lattice constant was measured

using an X-ray 15 diffragiioncappacatusatR) iRcaceaydancs with HHEM-R3208vehhsmmplar ratio of Al
within the zeolite framework relative to the total Al content was calculated from the chemical composition

analysis values aithihe XRDimeasiwwemgint(salsies. feetaild ragridingffesesnBasuneymeantsiaire as
described above.

10 the SCS value is less than this value, then there is a possibility that the catalyst packed
inside the reactor of hydrodesulfurization unit may be crushed, generating a differential
pressure inside the reactor and making continuous operation of the hydrotreatment
impossible. The compacted bulk density (CBD) of the catalyst according to the present
invention is preferably within a range from approximately 0.6 to 1.2.

15 [0054]
<Hydrotreatment Method using the Hydrodesulfurization Catalyst>

The catalyst according to the present invention can be used for hydrotreating
hydrocarbon oils in a similar manner to other desulfurization catalysts. The catalyst
according to the present invention exhibits an extremely high level of desulfurization

20  activity, and can substantially reduce the sulfur content within a hydrocarbon oil, and
particularly a gas oil fraction, not only under similar reaction conditions to those
employed in conventional hydrotreatments, but even under milder conditions than are

conventionally used.

[0055]



30 [0072] [Table 1] Si02/Al203 (molar ratio) Crystal lattice constant (nm) [Al within the zeolite framework]
/ [total Al] Crystallite diameter (nm) Zeolite 1 5.6 2.442 0.32 93 Zeolite 2 5.8 2.452 0.56 90 Zeolite 3

23

For example, by bringing the catalyst according to the present invention and a
hydrocarbon oil containing sulfur compounds (such as a gas oil fraction) into contact and
performing a desulfurization under conditions including a hydrogen partial pressure of
approximately 3 to 8 MPa, a temperature of approximately 300 to 420°C, and a liquid

5 hourly space velocity of approximately 0.3 to 5 h™, the amount of sulfur compounds
within the hydrocarbon oil can be reduced, including those sulfur compounds that are
difficult to desulfurize.

[0056]

The sulfur content of the product oil obtained by performing a hydrotreatment

10  using the catalyst according to the present invention is typically not more than 500 ppm,
and more specifically within a range from approximately 20 to 300 ppm. Although
dependent on the properties of the feedstock, by using the catalyst according to the
present invention, a product oil having a similar sulfur content to conventional product
oils can be produced for a long period under milder hydrotreatment conditions than those

15  conventionally employed.

[0057]

The treatment target oil (feedstock) for hydrotreatment using the catalyst
according to the present invention may be any oil containing hydrocarbons, and examples
of suitable oils include kerosene and gas oil fractions such as straight-run kerosene,

20  straight-run gas oil, catalytically cracked gas oil, thermally cracked gas oil, hydrotreated
gas oil, desulfurized gas oil and vacuum gas oil (VGO). Examples of representative
properties of these types of feedstocks include a boiling point range of 150 to 450°C,
and a sulfur content of not more than 5 mass %.

[0058]



6.0 2.439 0.28 50 Zeolite 4 6.0 2.439 0.28 35 Zeolite 5 5.8 2.441 0.31 118 [0073] 5[Example 1] First, 2.0
g of the zeolite 1 and 109.4 g of alumina hydrate were kneaded together, and following extrusion molding,
the product was calcinated at 600C for 2 hours to obtain a columnar molded product having a diameter of
1/16 inch composed of a zeolitealumina complex carrigr (zeolite/alumina mass ratio = 7/93, pore volume
= 0.63 ml/g, 10specific surface area = 336 m2/g, mean pore diameter = 69 A). In a separate
preparation, 5.51 g of gabaltcarbenaéend Byd geafrphosphinraalibdiaacicignd4@igeabarthophosphoric
acid (85% aqueous solution) were dissolved in 40.0 g of ion-exchanged water to prepare an impregnation
solution. In a rouncsdotbovenfiaskobas pldeoadds0.0 gofhtbheiabeue zeaolitéystl lryinecogryeléxf a
fixed bed, moving bed or fluidized bed of the catalyst according to the present invention
is formed inside a reactor of hydrodesulfurization unit, and the feedstock is then
5 introduced into the reactor of hydrodesulfurization unit and subjected to a hydrogenation
reaction under the conditions described above. In the most general examples, a fixed-bed
catalyst layer is formed inside the reactor of hydrodesulfurization unit, and either the
feedstock is introduced from the upper section of the reactor of hydrodesulfurization unit
and passed through the fixed bed from top to bottom, with the product flowing from the
10 lower section of the reactor of hydrodesulfurization unit, or alternatively, the feedstock is
introduced from the lower section of the reactor of hydrodesulfurization unit and passed
through the fixed bed from bottom to top, with the product flowing from the upper
section of the reactor of hydrodesulfurization unit.
[0059]
15 The hydrotreatment method may be a single stage hydrotreatment method which
is performed with the catalyst according to the present invention packed into a single
reactor of hydrodesulfurization unit, or a multistage continuous hydrotreatment method
which is performed with the catalyst packed into a series of reactor of
hydrodesulfurization unit.
20 [0060]
The catalyst according to the present invention is activated by a pre-sulfurization
treatment inside the reactor of hydrodesulfurization unit prior to use (namely, prior to
performing the hydrotreatment). This pre-sulfurization treatment is performed at a

temperature of approximately 200 to 400°C, and preferably approximately 250 to 350°C,

25  in a hydrogen atmosphere at normal pressure or with a higher hydrogen partial pressure,



15carrier, the entire volume of the above impregnation solution was then added to the flask using a
pipette, and impregnation was allowed to occur at approximately 25C for one hour. Subsequently, the
product was blow-dried under a stream of nitrogen, and a muffle furnace was then used to dry the product
at 120C for approximately one hour, and then the prodsict was calcinated at 500C for 4 hours, thus
obtaining a catalyst A. 31  The catalyst A had a specific surface area of 227 m2/g, a pore volume of
0.40 ml/g, and auniean poredianastaref &hlin[09 Yl Exampled] bhistichf giaflthe weoliten2 and 109.4 g
of alumina hydrate were kneaded together, and following extrusion molding, the product was calcinated at
600C for 2 hours: talébiaingagolusiarsmotdeq piodifickhavintoa diaretehofibibiied, composed of a
zeolitealumina complex carrier (zeolite/alumina mass ratio = 7/93, pore volume = 0.61 ml/g, specific
surface area = 3uzlingyg swhedn pore diameter = 68 A). 10In a separate preparation, 5.51 g of cobalt
carbonate, 19.02 g of phosphomolybdic acid and 2.46 g of orthophosphoric acid (85% aqueous solution)
were dissolved in 40.0 g of ion-exchanged water to prepare an impregnation solution. Ina
round-bottorg flask was placed 50.0 g of the abovﬁ%g{ﬁ@%ﬁ%%mmina complex carrier, the entire volume of
the above impregnation solution was then added 15using a pipette, and impregnation was
allowed to occur at ap imately 25C for one hour. Subsequently, the product was blow-dried under a
stream of nitrogen, and a muffle furnace was then used to dry the product at 120C for approximately one

hour, and then the progugi Was.Galeinated &t AR%dabf-na s, Ihas QRIRINNg;B.calalystP- The catalyst B

had a specific surface area of 223 m2/g, a pore volume of 0.43 20 ml/g, and a mean pore diameter of 81

A. [0075] [ExampleR) Givist B @:0the seolite danddQ-pg.af aluinthydiale wetenkneaded together,
and following extrusion molding, the product was calcinated at 600C for 2 hours to 250btain a columnar
molded product havingaidiametesydiittd byahesouxaasgee.of a zeolite-
10 First, the analysis methods used for measuring the physical properties and
determining the chemical composition of the catalysts in the examples and comparative
examples are described below.
[0062]
<Specific Surface Area>
15 The specific surface area was measured by the BET method using nitrogen
adsorption. A surface area measuring device (Belsorp 28) manufactured by Bel Japan,
Inc. was used as the nitrogen adsorption device.
[0063]
<Pore Volume, Mean pore diameter, and Pore Distribution>
20  (Device used)
The pore volume, the mean pore diameter, and the pore distribution were
measured using the mercury intrusion method. A porosimeter (Micromeritics Auto-Pore
9200, manufactured by Shimadzu Corporation) was used as the mercury intrusion device.
[0064]

25  (Measurement principles)



32 alumina complex carrier (zeolite/alumina mass ratio = 7/93, pore volume = 0.63 ml/g, specific surface
area = 333 m2/g, mean pore diameter = 69 A). In a separate preparation, 5.51 g of cobalt carbonate,
19.02 g of phosphomolybdic acid and 2.46 g of orthophosphoric acid (85% aqueous solution) were
dissolved in 40.0 g 50f ion-exchanged water to preparg,an impregnation solution. In a round-bottom
flask was placed 50.0 g of the above zeolite-alumina complex carrier, the entire volume of the above
impregnation solution was iheradadedsiodhe flagksusing anpipelie, @nmpeitapiegnatiomwasoallowed to occur
at approximately 25C for one hour. Subsequently, the product was blow-dried under a stream of nitrogen,
and a muffle 10fUrnaceswad tireruused tardnathelprodutbatc 1208 lfor approximateby tmentlour, and then
the product was calcinated at 500C for 4 hours, thus obtaining a catalyst C. The catalyst C had a
specific surface Hreshov220len2/§) pore (Olume Bt S88 thelipraddaake & porecdiatieteplsidg3 A. [0076]
15[Example 4] First, 2.0 g of the zeolite 4 and 109.4 g of alumina hydrate were kneaded together, and
following extrusiBFFH1BraihE PIREHTAB LS CaRHatad ABODE OIS HlE #5 FBtalfa'ebitifinar molded
product havipg a diameter of 1/16 jnch composed of a zefolite.alu ina co é) ex carrier (zeolite/alumina
mass ratio =7/08 BEFEGORIFES BRI ORBEAIA SUMSCL =L <8BS Wishin bre diameter =
70 A). In a separate preparation, 5.51 g.of cobalt carbona 9.02 g of phosphomaglybdic acid and
246 § of orthop L BBy e A R T g weter
to prepare an im&ﬂ@tgg[adtli%n3 wyﬁig@degree& In a round-bottom flask was placed 50.0 g of the above
zeolite-alumina complex 25catrrier, the entire volume of the above impregnation solution was then added
to the flask 33 using amjpeite (RNAIMPregnatiorgvas allowed to occur at approximately 25C for one hour.
Subsequently, the product was blow-dried under a stream of nitrogen, and a muffle furnace was then
used to dry the product@ict20C for approximately one hour, and then the product was calcinated at 500C
for 4 hours, thus obtaining a catalyst D. 5The catalyst D had a specific surface area of 224 m2/g, a pore
volume of 039 ml/g, adtiapmean!pore diznetérnofu8k Al {8077} [Cormparative Poanmeteztdinvwith the

exception of replacing the zeolite 1 from Example 1 with the zeolite 5, a
the catalyst. The mean pore diameter is the average value of D calculated as a function

of P.
The pore distribution is the distribution of D calculated as a function of P.
[0066]
15  (Measurement procedure)

(1) The power to a vacuum heat deaerator was turned on, and it was confirmed
that the atmosphere had reached a temperature of 400°C and a vacuum degree of not
more than 5x107 Torr.

(2) The empty sample burette was placed in the vacuum heat deaerator.

20 (3) Once the vacuum degree was not more than 5%107 Torr, the cock of the
sample burette was closed, and the sample burette was removed from the vacuum heat
deaerator and cooled, and the weight was measured.

(4) The sample (catalyst) was placed in the sample burette.



10zeolite-alumina complex carrier (zeolite/alumina mass ratio = 7/93, pore volume = 0.63 ml/g, specific
surface area = 334 m2/g, mean pore diameter = 71 A) having the same shape as the carrier of Example 1
was obtained in the same manner as that described for Example 1. Next, 50.0 g of this zeolite-alumina
complex carrier was placed in a round-bottom flask, the entire volume of the same impregnation solution
as that used in 15 Example 1 was added to the flask, impregnation was performed in the same manner as
Example 1, and the presiuthsvamplovittiedostriethaid ealgnaiedndheisamednannasas that described
for Example 1 to obtain a catalystX. The catalyst X had a specific surface area of 223 m2/g, a pore
volume of 0.37 nitfgzrand hawean potediameteriof @R A ROfOATBhn Sx TheTelemehtad smapysis values for
the catalysts A to D and the catalyst X are shown in Table 2, and the properties of the respective catalysts
are shown in Tables 3eldiTdblesBle SAvpresentothe specific surface area (m2/g), "PV" represents the

pore volume (ml/g), "MPD" represents the mean pore diameter (A), "PSD" represents the pore
25distribution (%) (the PerbentageloPw st BEYas BriABRIEBS AP Y61 By BdPes HAVIRGE! 34 size of

MPD15 A), and "CBD" represents the compacted bulk density (g/m1). As.illustrated jn Tables 2 and 3, the
Catalysts A o D S QRARE . AIHEG KL SR A Sar 0 EHAAET D GO SRl pryaical

shap_e. [0079] 5[Table E] %arrsigrPl)gwesgeﬁaactg(girrpt%ecriﬁl ogﬁ%siuo b o'r%tb‘é%GP total mass of carrier) mass %
relative to total mass o gata?ystti1 eolit

(8) Measurement was performed using the Auto-Pore 9200.

[0067]
<Analysis of Chemical Composition>

10  (Device used and analysis method)

Analysis of the metals within the catalyst was performed using inductively
coupled plasma emission analysis (ICPS-2000, manufactured by Shimadzu Corporation).

Quantitative determination of the amount of each metal was conducted using the
absolute calibration curve method.

15 [0068]
(Measurement procedure)

(1) In a uniseal were placed 0.05 g of the catalyst, 1 ml of hydrochloric acid (50%
by volume), one drop of hydrofluoric acid and 1 cc of pure water, and the mixture was
heated and dissolved.

20 (2) Following dissolution, the solution was transferred to a propylene measuring
flask (50 ml), and pure water was added to bring the volume up to 50 ml.
(3) The resulting solution was measured using the ICPS-2000.
[0069]

[Production Example 1] Preparation of Zeolite



Zeolite percentage Co0 Mo03 P205 Co/(Co+Mo) P/Mo Example 1 Catalyst A Zeolite 1 7 4.9 20.2 3.3 0.20
0.16 Example 2 Catalyst B Zeolite 2 7 5.3 20.5

28

A zeolite 1 used in the following example was prepared using the method
described below.

An autoclave vessel was charged with 230 g of a 21.7 mass % aqueous solution
of sodium hydroxide, and 29 g of sodium aluminate containing 17.0 mass % of Na,O and

5  22.0 mass % of Al,O3 was then added to the autoclave under constant stirring. The

solution obtained following addition of the sodium aluminate was added, with constant
stirring, to 232 g of a sodium silicate solution No. 3 having an SiO; concentration of 24
mass %, and following thorough stirring of the resulting mixture, the mixture was aged
by heating at 95°C for 12 hours. Following completion of this aging, the temperature

10 was cooled to 70°C or lower, and the synthesized product was removed, filtered, washed
and dried, completing preparation of Na-Y seed crystals. The composition of the thus
obtained seed composition, reported as molar ratios of oxides, was Nay,O/Al,O3 = 16,
Si0,/Al,053 = 15, H,O/Al,O3 = 330.

[0070]

15 Next, an autoclave vessel was charged with 220 g of a sodium silicate solution
having an SiO, concentration of 29 mass %, 31.7 g of sodium aluminate containing 33.0
mass % of Na,O and 36.5 mass % of Al,O3, 6 g of sodium hydroxide and 747.0 g of pure
water, and following thorough stirring, 8.0 g (dry mass) of the above seed crystals were
added, the resulting mixture was stirred thoroughly once again, and the mixture was then

20  aged by heating at 95°C for 12 hours. Following completion of this aging, the
temperature was cooled to 70°C or lower, and the synthesized product was removed,
filtered, washed and dried, yielding the Na-Y zeolite 1.

Subsequently, the Na-Y zeolite 1 was placed in a 5 mass % aqueous solution of
ammonium nitrate, and following stirring for 20 minutes under constant conditions at

25  60°C, the mixture was filtered to complete an ion exchange treatment. This ion exchange



3.1 0.21 0.15 Example 3 Catalyst C Zeolite 3 7 5.0 20.2 2.7 0.20 0.13 Example 4 Catalyst D Zeolite 4 7
5.119.9 2.9 0.20 0.15 Comparative

29
treatment was repeated twice, and the product was then dried at 120°C for 12 hours to
obtain an NH3-type Y zeolite 1.
The thus obtained NH3-type Y zeolite 1 was calcinated at 600°C for 4 hours
under a stream of air, thus obtaining an H-type Y zeolite 1 (hereafter simply referred to as
5  the "zeolite 1"). The amount of the aforementioned seed Al,O5 relative to the total
amount of Al,O5 within the reaction mixture was 0.098 mol%.
[0071]
Zeolite 2 to zeolite 5 were prepared using the same method as that described for
the zeolite 1.
10 For the zeolites 1 to 5, the Si0,/Al,O3 molar ratio, the crystal lattice constant, the
molar ratio of Al within the zeolite framework relative to the total Al content ([Al within
the zeolite framework] / [total Al]), and the crystallite diameter are shown in Table 1.
The SiO,/Al,03 molar ratio was measured by chemical composition analysis
using an ICP analysis method. The crystal lattice constant was measured using an X-ray
15  diffraction apparatus (XRD) in accordance with ASTM D3906. The molar ratio of Al
within the zeolite framework relative to the total Al content was calculated from the
chemical composition analysis values and the XRD measurement values. Details

regarding these measurements are as described above.



Example 1 Catalyst X Zeolite 57 4.9 20.2 3.3 0.20 0.16 [0080] [Table 3] SA (m2/0 PV (ml/g) MPD (A)
PSD -15 A (%) CBD (g/m1)

30
[0072]
[Table 1]
SiO,/Al,O; | Crystal lattice constant | [Al within the zeolite Crystallite diameter
(molar ratio) (nm) framework] / [total Al] (nm)
Zeolite 1 5.6 2.442 0.32 93
Zeolite 2 5.8 2.452 0.56 90
Zeolite 3 6.0 2.439 0.28 50
Zeolite 4 6.0 2.439 0.28 35
Zeolite 5 5.8 2441 0.31 118
[0073]

5 [Example 1]

First, 2.0 g of the zeolite 1 and 109.4 g of alumina hydrate were kneaded together,
and following extrusion molding, the product was calcinated at 600°C for 2 hours to
obtain a columnar molded product having a diameter of 1/16 inch composed of a zeolite-
alumina complex carrier (zeolite/alumina mass ratio = 7/93, pore volume = 0.63 ml/g,

10 specific surface area = 336 m2/g, mean pore diameter = 69 A).

In a separate preparation, 5.51 g of cobalt carbonate, 19.02 g of phosphomolybdic
acid and 2.46 g of orthophosphoric acid (85% aqueous solution) were dissolved in 40.0 g
of ion-exchanged water to prepare an impregnation solution.

In a round-bottom flask was placed 50.0 g of the above zeolite-alumina complex

15  carrier, the entire volume of the above impregnation solution was then added to the flask
using a pipette, and impregnation was allowed to occur at approximately 25°C for one
hour. Subsequently, the product was blow-dried under a stream of nitrogen, and a muffle
furnace was then used to dry the product at 120°C for approximately one hour, and then

the product was calcinated at 500°C for 4 hours, thus obtaining a catalyst A.



Catalyst A 227 0.40 80 84 0.86 Catalyst B 223 0.43 81 86 0.85 Catalyst C 220 0.38 83 80 0.86 Catalyst D

224 0.39 81

10

15

20

25
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The catalyst A had a specific surface area of 227 m?%/ g, a pore volume of 0.40 ml/g,
and a mean pore diameter of 80 A.
[0074]
[Example 2]

First, 2.0 g of the zeolite 2 and 109.4 g of alumina hydrate were kneaded together,
and following extrusion molding, the product was calcinated at 600°C for 2 hours to
obtain a columnar molded product having a diameter of 1/16 inch composed of a zeolite-
alumina complex carrier (zeolite/alumina mass ratio = 7/93, pore volume = 0.61 ml/g,
specific surface area = 342 m2/g, mean pore diameter = 68 A).

In a separate preparation, 5.51 g of cobalt carbonate, 19.02 g of phosphomolybdic
acid and 2.46 g of orthophosphoric acid (85% aqueous solution) were dissolved in 40.0 g
of ion-exchanged water to prepare an impregnation solution.

In a round-bottom flask was placed 50.0 g of the above zeolite-alumina complex
carrier, the entire volume of the above impregnation solution was then added to the flask
using a pipette, and impregnation was allowed to occur at approximately 25°C for one
hour. Subsequently, the product was blow-dried under a stream of nitrogen, and a muffle
furnace was then used to dry the product at 120°C for approximately one hour, and then
the product was calcinated at 500°C for 4 hours, thus obtaining a catalyst B.

The catalyst B had a specific surface area of 223 m*/g, a pore volume of 0.43
ml/g, and a mean pore diameter of 81 A.

[0075]

[Example 3]

First, 2.0 g of the zeolite 3 and 109.4 g of alumina hydrate were kneaded together,

and following extrusion molding, the product was calcinated at 600°C for 2 hours to

obtain a columnar molded product having a diameter of 1/16 inch composed of a zeolite-



85 0.86 Catalyst X 223 0.37 82 81 0.85 35 [0081] [Straight-run Gas Oil Elydrotreatment Reaction I]
Using the catalysts A to D and the catalyst X prepared in Examples 1 to 4 and Comparative Example 1
respectively, a hydrotreatment of a straight-run gas oil having 5the properties shown below was
performed in the manner described below. First, the catalyst was packed in a high-pressure flow reactor
to form a fixed-bed catalyst layer, and treatment was then performed under the conditions listed below.
Next, a mixed fluidieantasming tharieedstosk hraiad tareagion 1@IRpeiatustuard-a bydipgen-containing
gas was introduced into the upper section of the reactor, and a 10hydrogenation reaction was allowed to
proceed under thpecGinditidns listee: Batow/A mixeddieitlcantaini®ythe product oil and a gas flowed out
from the lower section of the reactor, and the product oil was separated in a gas-liquid separator. [0082]
Catalyst pretreatment ¢oadiiore preparation, 5.51 g of cobalt carbonate, 19.02 g of phosphomolybdic

acid and 2.46 g of orthophosphoric acid (85% aqueous solution) were dissolved in 40.0 g
5 ofion-exchanged water to prepare an impregnation solution.

In a round-bottom flask was placed 50.0 g of the above zeolite-alumina complex
carrier, the entire volume of the above impregnation solution was then added to the flask
using a pipette, and impregnation was allowed to occur at approximately 25°C for one
hour. Subsequently, the product was blow-dried under a stream of nitrogen, and a muffle

10 furnace was then used to dry the product at 120°C for approximately one hour, and then
the product was calcinated at 500°C for 4 hours, thus obtaining a catalyst C.

The catalyst C had a specific surface area of 220 m2/g, a pore volume of 0.38
ml/g, and a mean pore diameter of 83 A.

[0076]

15  [Example 4]

First, 2.0 g of the zeolite 4 and 109.4 g of alumina hydrate were kneaded together,
and following extrusion molding, the product was calcinated at 600°C for 2 hours to
obtain a columnar molded product having a diameter of 1/16 inch composed of a zeolite-
alumina complex carrier (zeolite/alumina mass ratio = 7/93, pore volume = 0.64 ml/g,

20  specific surface area = 330 m*/g, mean pore diameter = 70 A).

In a separate preparation, 5.51 g of cobalt carbonate, 19.02 g of phosphomolybdic
acid and 2.46 g of orthophosphoric acid (85% aqueous solution) were dissolved in 40.0 g
of ion-exchanged water to prepare an impregnation solution.

In a round-bottom flask was placed 50.0 g of the above zeolite-alumina complex

25  carrier, the entire volume of the above impregnation solution was then added to the flask



15Pressure: normal pressure Atmosphere: a stream of hydrogen sulfide (5%) in hydrogen gas
Temperature: increased in a stepwise manner by holding at 150C for 0.5 hour, and then holding at 350C
for one hour [0083] 20Hydrogenation reaction conditions: Reaction temperature: 360C, or a
temperature at which the sulfur content of the productsgil was reduced to 200 ppm Pressure (hydrogen
partial pressure): 5 MPa Liquid hourly space velocity: 1.2 lit 25Hydrogen/oil ratio: 250 m3/m3 36 [0084]
Properties of feegdstgcekyiQiititypea Mipdle kst sikaighi-s0iogrswihiSpeeifitgrayits (C546)pe0.8648
S5Distillation properties: initial distillation point 206.0C, 50% point 319.0C, 90% point 372.0C, end point
390.0C Sulfur camporsehteduddimassproitrogehnlconipehemtedy @ppmoK mengaticaviseosityidat 30C):
6.660 cSt 10Pour point: 2.5C Cloud point: 3.0C
furnace was then used to dry the product at 120°C for approximately one hour, and then
the product was calcinated at 500°C for 4 hours, thus obtaining a catalyst D.
5 The catalyst D had a specific surface area of 224 m*/g, a pore volume of 0.39
ml/g, and a mean pore diameter of 81 A.
[0077]
[Comparative Example 1]
With the exception of replacing the zeolite 1 from Example 1 with the zeolite 5, a
10 zeolite-alumina complex carrier (zeolite/alumina mass ratio = 7/93, pore volume = 0.63
ml/g, specific surface area = 334 mz/g, mean pore diameter = 71 A) having the same
shape as the carrier of Example 1 was obtained in the same manner as that described for
Example 1. Next, 50.0 g of this zeolite-alumina complex carrier was placed in a round-
bottom flask, the entire volume of the same impregnation solution as that used in
15  Example 1 was added to the flask, impregnation was performed in the same manner as
Example 1, and the product was blow-dried, dried, and calcinated in the same manner as
that described for Example 1 to obtain a catalystX.
The catalyst X had a specific surface area of 223 mZ/g, a pore volume of 0.37
ml/g, and a mean pore diameter of 82 A.
20 [0078]
The elemental analysis values for the catalysts A to D and the catalyst X are
shown in Table 2, and the properties of the respective catalysts are shown in Table 3. In
Table 3, "SA" represents the specific surface area (mz/g), "PV" represents the pore

volume (ml/g), "MPD" represents the mean pore diameter (A), "PSD" represents the pore

25  distribution (%) (the percentage of the total pore volume accounted for by pores having a



Cetane index: 53.2 Saybolt color: -16 AS TM color: L1.0 15Aniline point: 74.2C [0085] The reaction
results were analyzed using the methods described below. The reactor was operated at 360C, and
after 6 days had passed, a sample of the product oil was collected and the properties analyzed.
Subsequently, for each catalyst, 20the reactor was opgrated for 200 days at the temperature required to
achieve a product oil sulfur content of 200 ppm. During this operation of producing a product oil with a
constant sulfur copentyViPD0RAINSUPPEDS @piiserease dmphesLibiuk cenent withinAke product oil
caused by degradation of the catalyst, the operating temperature was adjusted as appropriate during
operation. 25[008b6kt@®{lih Aytrodesulfiribatienlsate A(HOBIr(@6he cataliheXledbifdrdationiséte is defined as
the proportion of the sulfur content eliminated from the feedstock by converting the sulfur content within
the feedstock to thydrogerhsnitid e wizpanidesudibhizatidihe@action, and can be calculated from the sulfur
5analysis values for the feedstock and the product oil using the formula shown below. [2] Desulfurization
reaction rate constant @&3 Relative to the reduction in the sulfur content (Sp) in the product oil, the
desulfurization reactlort%t nstant (Ks) was defined as the constant for the reaction rate equation that
yielded a 1.5 order of r . A higher reaction rate constant 10indicates superior catalytic activity.

These results are-shewn-i laUIC(j{II- 12908:] (St--Sp) uceullunf_at égrﬁtgﬂ\trﬁdt(:n/a} x100-Sf
(mass % relative to tofal (mass % relative to total mass of catalyst)
mass of carrier)
Zeolite Zeolite CoO MoO; P,Os  |Co/(Co+Mo)| P/Mo
percentage
Example 1 .
Zeolite 1 7 4.9 20.2 3.3 0.20 0.16
Catalyst A
Example 217 olite 2 7 5.3 20.5 3.1 0.21 0.15
Catalyst B
Example 3 |7 olite 3 7 5.0 20.2 2.7 0.20 0.13
Catalyst C
Example 4 17 olite 4 7 5.1 19.9 2.9 0.20 0.15
Catalyst D
Comparative
Example 1 | Zeolite 5 7 49 20.2 33 0.20 0.16
Catalyst X
[0080]
[Table 3]
SA PV MPD PSD =15 A CBD
(m’/g) (ml/g) (A) (%) (g/ml)
Catalyst A 227 0.40 80 84 0.86
Catalyst B 223 0.43 81 86 0.85
Catalyst C 220 0.38 83 80 0.86
Catalyst D 224 0.39 81 85 0.86
Catalyst X 223 0.37 82 81 0.85




Desulfurization reactionrate constant 1 ~ x (LH SV) V(Sp) AkiSO1 In the above formulas, Sf represents
the sulfur content (mass %) within the feedstock, Sp represents the sulfur content (mass %) in the
reaction product oil, and LHSV represents 15the liquid hourly space velocity (111). [0088] Comparative
activity (%) desulfurization reaction rate constant of eagh desulfurization catalyst desulfurization reaction
rate constant with comparative catalyst X 38 [3] A graph plotting the desulfurization reaction rate
constant (Ks) calculategig [R] against the crystallite diameter of the zeolite is illustrated in FIG. 1. [4]
Desulfurization reaction rate constant (Ks): Relative to the reduction in the sulfur content (Sp) in the
product oil, the S8esidhtnization CedtidnraterconBtautifiKd) was defined as the constant for the reaction
rate equation that calculated to be a 1.5 order of reaction. A higher reaction rate constant indicates

superior catalytic activitpiThéserebiiswWhehatkethe setibniwarr garformédandeoCtareasthown in Table 4.

[0090] 10[Table 4] Product oil sulfur content (mass %) Desulfurization _ .
Comparative Example 1 respectively, a hydrotreatment of a straight-run gas oil having

5  the properties shown below was performed in the manner described below.
First, the catalyst was packed in a high-pressure flow reactor to form a fixed-bed
catalyst layer, and treatment was then performed under the conditions listed below.
Next, a mixed fluid containing the feedstock heated to reaction temperature and a
hydrogen-containing gas was introduced into the upper section of the reactor, and a
10 hydrogenation reaction was allowed to proceed under the conditions listed below. A
mixed fluid containing the product oil and a gas flowed out from the lower section of the
reactor, and the product oil was separated in a gas-liquid separator.
[0082]
Catalyst pretreatment conditions:
15 Pressure: normal pressure
Atmosphere: a stream of hydrogen sulfide (5%) in hydrogen gas
Temperature: increased in a stepwise manner by holding at 150°C for 0.5 hour,
and then holding at 350°C for one hour
[0083]
20  Hydrogenation reaction conditions:
Reaction temperature: 360°C, or a temperature at which the sulfur content of the
product oil was reduced to 200 ppm
Pressure (hydrogen partial pressure): 5 MPa
Liquid hourly space velocity: 1.2 h

25 Hydrogen/oil ratio: 250 m*/m’



rate (%) Desulfurization reaction rate constant (Ks) Comparative activity (%) Example 1 (Catalyst A)
0.0193 98.7 15.28 171 Example 2 (Catalyst B) 0.0173 98.8 16.25 182 Example 3 (Catalyst C) 0.0241
98.3 13.46

36
[0084]
Properties of feedstock:
Oil type: Middle East straight-run gas oil
Specific gravity (15/4°C): 0.8648
5 Distillation properties: initial distillation point 206.0°C, 50% point 319.0°C, 90%
point 372.0°C, end point 390.0°C
Sulfur component: 1.44 mass %
Nitrogen component: 170 ppm
Kinematic viscosity (at 30°C): 6.660 cSt
10 Pour point: 2.5°C
Cloud point: 3.0°C
Cetane index: 53.2
Saybolt color: -16
ASTM color: L1.0
15 Aniline point: 74.2°C
[0085]
The reaction results were analyzed using the methods described below.
The reactor was operated at 360°C, and after 6 days had passed, a sample of the
product oil was collected and the properties analyzed. Subsequently, for each catalyst,
20  the reactor was operated for 200 days at the temperature required to achieve a product oil
sulfur content of 200 ppm. During this operation of producing a product oil with a
constant sulfur content, in order to suppress any increase in the sulfur content within the
product oil caused by degradation of the catalyst, the operating temperature was adjusted
as appropriate during operation.

25 [0086]



151 Example 4 (Catalyst D) 0.0301 97.9 11.83 133 Comparative Example 1 (Catalyst X) 0.0483 96.6 8.92
100 [0091] As is evident from Table 4, the catalysts A to D of Examples 1 to 4 exhibited higher
desulfurization rates, larger desulfurization reaction rate constants, and extremely 15high comparative
activities of at least 130% compared with the catalyst 3¢ of Comparative Example 1. In particular, whereas
the sulfur content of the product oil was approximately 0.05 mass % when the catalyst X was used, when

the catalysts A tp1P hg8rvesel ised:ithe setlapsptent in the product oil was able to be reduced to 0.03
mass % or less.
The desulfurization rate is defined as the proportion of the sulfur content
eliminated from the feedstock by converting the sulfur content within the feedstock to
hydrogen sulfide via the desulfurization reaction, and can be calculated from the sulfur
5  analysis values for the feedstock and the product oil using the formula shown below.
[2] Desulfurization reaction rate constant (Ks):
Relative to the reduction in the sulfur content (Sp) in the product oil, the
desulfurization reaction rate constant (Ks) was defined as the constant for the reaction
rate equation that yielded a 1.5 order of reaction. A higher reaction rate constant

10 indicates superior catalytic activity. These results are shown in Table 4.

[0087]

Desulfurization rate (%) = % x100

Desulfurization reactionrate constant
= 2% [L _L} x (LHSV)
J(Sp) V(S

In the above formulas, Sf represents the sulfur content (mass %) within the feedstock, Sp

represents the sulfur content (mass %) in the reaction product oil, and LHSV represents
15  the liquid hourly space velocity (h™).

[0088]
Comparative activity (%)

_ desulfurization reaction rate constant of each desulfurization catalyst
desulfurization reaction rate constant with comparative catalyst X

x100

[0089]



Further, as illustrated in FIG. 1, it was evident that the crystallite diameter of the zeolite contained within
the catalyst had an effect on the desulfurization reaction rate 5 constant of the catalyst, with the
desulfurization reaction rate constant reaching a peak value when the crystallite diameter was in the
vicinity of 85 to 95 nm, and then falling rapidly when thg crystallite diameter was 100 nm or greater. [0092]
Moreover, Table 5 illustrates the operating temperatures after 100 days and after 10 200 days of
operation. Whenshezgatalysistinioii’ efsaxamples letotdbnare wsedntiesgifierenca beyeen the operating
temperature after 100 days and the operating temperature after 200 days was within a range from 1 to
4C, indicating thag=ne mhwhenstiHecoperatiornOihprediicing Buproaddch ¢illGvith a constant sulfur content was
performed for a long period, there was no necessity to significantly increase the operating temperature.
15In contrast, wihResubztzyisex et Conipaciveimple 1 was used, the operating temperature after
200 days needed to be increased more than 10C from the operating temperature after 100 days. Based
on these results, it is cREANEIABCELARIAHBBERHE TS E B v it Rveribktisialie to maintain stable

activity over %Ioa%l‘ﬁfriod of time,. 40 [{0093)1< Table 5 Cz)i%g.ratin temperatur arﬁﬁmer 100 days (C)
Operating tempetatt P 4RAPHEECHAYLTE EXAM M L AENSE A) B8 LS8 E LML % R talyst B) 360
361 rate equation that calculated to be a 1.5 order of reaction. A higher reaction rate constant

indicates superior catalytic activity. These results when the reaction was performed at

360°C are shown in Table 4.

[0090]
10 [Table 4]
Product oil sulfur | Desulfurization | Desulfurization reaction | Comparative
content (mass %) rate (%) rate constant (Ks) activity (%)
Example 1 0.0193 98.7 15.28 171
(Catalyst A)
Example 2 0.0173 98.8 16.25 182
(Catalyst B)
Example 3 0.0241 98.3 13.46 151
(Catalyst C)
Example 4 0.0301 97.9 11.83 133
(Catalyst D)
Comparative Example 1 0.0483 96.6 8.92 100
(Catalyst X)
[0091]

As is evident from Table 4, the catalysts A to D of Examples 1 to 4 exhibited
higher desulfurization rates, larger desulfurization reaction rate constants, and extremely
15  high comparative activities of at least 130% compared with the catalyst X of
Comparative Example 1. In particular, whereas the sulfur content of the product oil was

approximately 0.05 mass % when the catalyst X was used, when the catalysts A to D



Example 3 (Catalyst C) 365 368 Example 4 (Catalyst D) 369 373 Comparative Example 1 (Catalyst X)
381 392 [0094] 5As is evident from the above results, the catalyst according to the present invention
exhibits excellent activity in a desulfurization reaction for a hydrocarbon oil such as a gas oil under
substantially the same conditions such as hydrogen pastial pressure and reaction temperature as those
employed in conventional gas oil hydrotreatments. As a result, by using the catalyst according to the
present inventiomeze 10g@sheiklase hiavitgnaneext@mely low sulfus sorientdfas example @ gas oil base
having a sulfur content lower than even 0.05 mass %, can be supplied with comparative ease. 41 What is
claimed is: 1.A higelrodesulfurization catalyst for a hydrocarbon oil, the catalyst prepared by impregnating
cobalt, molybdenum and phosphorus on a complex oxide carrier 5 comprising 80 to 99 mass % of an
alumina and 1 to 20 mgggl%{,@qsé}},ummtgémi@@vhéwémﬁ evident that the crystallite diameter of the

zeolite contained within the catalyst had an effect on the desulfurization reaction rate
5  constant of the catalyst, with the desulfurization reaction rate constant reaching a peak
value when the crystallite diameter was in the vicinity of 85 to 95 nm, and then falling
rapidly when the crystallite diameter was 100 nm or greater.
[0092]
Moreover, Table 5 illustrates the operating temperatures after 100 days and after
10 200 days of operation. When the catalysts A to D of Examples 1 to 4 were used, the
difference between the operating temperature after 100 days and the operating
temperature after 200 days was within a range from 1 to 4°C, indicating that even when
the operation of producing a product oil with a constant sulfur content was performed for
a long period, there was no necessity to significantly increase the operating temperature.
15  In contrast, when the catalyst X of Comparative Example 1 was used, the operating
temperature after 200 days needed to be increased more than 10°C from the operating
temperature after 100 days. Based on these results, it is clear that the catalyst according

to the present invention is able to maintain stable activity over a long period of time.



based on a total mass of the catalyst, and calculated in terms of oxide content, the catalyst comprises 3 to
6 mass % of cobalt, 16 to 24 mass % of molybdenum, and 0.8 to 4.5 mass % of phosphorus, the catalyst
has a specific surface area measured by a nitrogen adsorption method 10 of 210 to 280 m2/g, a pore
volume measured by a mercury intrusion method of 048 to 0.6 ml/g, a mean pore diameter in a pore
distribution measured by the mercury intrusion method of 75 to 95 A, and a pore volume for pores within a
range of 15 A from the[pu@an pore diameter that is at least 75% of total pore volume, and the HY zeolite
has: 15(a) a SiO2/Al203 (molar ratio) of 3 to 10, (D) a crystal lattice constant of 2.435 to 2.465 nm, (c)
a molar ratio of Al withiitihle z&olite framework relative to the total Al content of 0.2 to 0.9, and (d) a
crystallite diameter of 30 to 100 nm.

Operating temperature Operating temperature
after 100 days (°C) after 200 days (°C)
Example 1 (Catalyst A) 361 363
Example 2 (Catalyst B) 360 361
Example 3 (Catalyst C) 365 368
Example 4 (Catalyst D) 369 373
Comparative Example 1 381 392
(Catalyst X)
[0094]
5 As is evident from the above results, the catalyst according to the present

invention exhibits excellent activity in a desulfurization reaction for a hydrocarbon oil
such as a gas oil under substantially the same conditions such as hydrogen partial
pressure and reaction temperature as those employed in conventional gas oil
hydrotreatments. As a result, by using the catalyst according to the present invention, a
10 gas oil base having an extremely low sulfur content, for example a gas oil base having a

sulfur content lower than even 0.05 mass %, can be supplied with comparative ease.



10

15

41

What is claimed is:

1. A hydrodesulfurization catalyst for a hydrocarbon oil, the catalyst prepared by
impregnating cobalt, molybdenum and phosphorus on a complex oxide carrier
comprising 80 to 99 mass % of an alumina and 1 to 20 mass % of an HY zeolite, wherein

based on a total mass of the catalyst, and calculated in terms of oxide content, the
catalyst comprises 3 to 6 mass % of cobalt, 16 to 24 mass % of molybdenum, and 0.8 to
4.5 mass % of phosphorus,

the catalyst has a specific surface area measured by a nitrogen adsorption method
of 210 to 280 m*/g, a pore volume measured by a mercury intrusion method of 0.3 to 0.6
ml/g, a mean pore diameter in a pore distribution measured by the mercury intrusion
method of 75 to 95 A, and a pore volume for pores within a range of =15 A from the
mean pore diameter that is at least 75% of total pore volume, and

the HY zeolite has:

(a) a Si0,/Al,03 (molar ratio) of 3 to 10,

(b) a crystal lattice constant of 2.435 to 2.465 nm,

(c) a molar ratio of Al within the zeolite framework relative to the total Al content
of 0.2 t0 0.9, and

(d) a crystallite diameter of 30 to 100 nm.



