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FIELD OF THE INVENTION

The present invention relates to a catalyst for
hydrotreating gas oil, a process for producing the catalyst,
and a method of hydrotreating gas oil with the catalyst.
More particularly, the present invention relates to a
catalyst having such excellent activity in the
hydrotreating of a gas o0il that it can reduce sulfur
components and nitrogen components contained in the gas oil
to a level lower than those attained with this kind of
catalysts heretofore in use, and to a process for producing
the catalyst, and a method for hydrotreating gas oil with

this catalyst.

BACKGROUND ART

Recently, there is a global trend toward stricter
quality requlation values for gas oils so as to improve
atmospheric environments. In particular, a sulfur
reduction in gas oils is desired because there is a fear
that the sulfur components contained in gas o0ils may
adversely influence the durability of after-treatment

technologies expected to be effective for exhaust control,



such as oxidation catalysts, nitrogen oxide (NO ) reduction catalysts, and
conti nuous-regeneration type catalyzed diesel particulate filters for
renoving particulate matter from di esel exhausts. Under these

ci rcunst ances, develop of a technique of ultra-deep desul furization for

renovi ng nost of the sulfur conponents in a gas oil is being focused. A
possi bl e techni que generally usable for reducing the sulfur conponents of
a gas oil is to use severer operating conditions for hydrodesul furization

with respsachtas exidatiomacatoehysbapenatuogeandxideui(fiOhhuréguspier

vel ocity. However, use of an elevated reaction tenperature results in
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possible technique generally usable for reducing the sulfur
components of a gas o0il is to use severer operating
conditions for hydrodesulfurization with respect to, e.g.,
reaction temperature and liquid hourly space velocity.

However, use of an elevated reaction temperature
results in impregnation of a carbonacéous matter on the
catalyst and hence in a rapid decrease in catalytic
activity. On the other hand, use of a lowered liquid
hourly space velocity results in a reduced purification
efficiency although effective in attaining a higher degree
of desulfurization, making it necessary to enlarge the
scale of the hydrotreater.

Consequently, the best way of attaining the ultra-
deep desulfurization of a gas oil without using severer
operating conditions is to develop a catalyst having
excellent desulfurization activity.

Many investigations are recently being made on
various subjects such as the kinds of active metals,

methods of active-metal impregnation, improvements of



catal yst supports, regulation of catal yst pore structures, and activation
nmet hods, and novel catalysts for deep desulfurization devel oped have been
reported. For exanple, JP-A-61-114737 discloses a nethod which conprises
i mpregnating an alum na or silica support wth a solution which contains
an organi ¢ conpound having a nitrogen-containing |ligand as a conpl exi ng
agent and further contains an active netal, followed by drying at 2000C
or lower. Japanese Patent No. 2,900,771 discloses a- nethod which
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conprising a conpound 6 nmetal’,” a phosphorus conponent, a
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t hereon a conpound of a G oup 6 netal, a phosphorus 3
nitrogen-containing 1ligand as a complexing agent and
further contains an active metal, followed by drying at
200°C or lower.

Japanese Patent No. 2,900,771 discloses. a:- method
which comprises impregnating a fy-alumina support with an
impregnating solution obtained by adding diol or ether to a
solution containing a compound of a metal in the Group 8 of
the periodic table (hereinafter simply referred to as
"Group 8 metal"), a compound of a metal in the Group 6 of
the periodic table (hereinafter simply referred to as
"Group 6 metal"), and phosphoric acid, followed by drying
at 200°C or lower.

Japanese Patent No. 2,832,033 discloses a method
which comprises impregnating a support with a solution
comprising a compound of a Group 6 metal, a phosphorus
component, a compound of a Group 8 metal and citric acid,
as in the process of the present invention, followed by
burning without drying. JP-A-4-156948 discloseé a method

which comprises impregnating a support having provided

thereon a compound of a Group 6 metal, a phosphorus



conponent and a conpound of a Goup 8 netal with a solution containing a
speci fic anmount of an organic acid, followed by drying at a tenperature of
200*C or |lower. Furthernore, JP-A-4-244238 discloses a nmethod which
conprises depositing a solution conprising a conpound of a Goup 6 netal

a conmpound of a G oup 8 netal, and a phosphoric acid on an oxi de support,
drying this support at 2000C or lower to obtain a catal yst, depositing a
solution of an organic acid represented by a specific chem cal formula on

the cat alogsioordid. LAAN ol 2RIt Sarpls mARAC L] WRlo1 B dihe of her

hand, proposals have been SO on a process tor catalyst production
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oxi de supfodrinigh ad Oltenrparatadrdfsizine egnpoeweg.of a Goup 6 netal, a
conpound of a Goup 8 netal, organic acid and phosphoric acid, followed
by drying at 2000Gr&hermoate ,t Troia-ai+2 43 238 alisstl osaed a metthwed whimhegnat i ng
the catalyst with a solution of organic' acid, followed by drying at 2000C
or | ower .colpris@s3 Hep®ditsidiapsassalubidni gospfdsingt al yompomndd st ison whi ch
conprises inpregnating an inorganic oxide support with a conpound of a
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Mor eover, JP-A-1-228552 discl oses, a process for )

phosphoric acid on an oxide support, drying this support at

200°C or lower to obtain a catalyst, depositing a solution

of an organic acid represented by a specific chemical

formula on the catalyst, and then drying the catalyst at

200°C or lower.

On the other hand, proposals have been made also on
a process for catalyst production in which impregnation
with an organic acid is conducted twice.

For example, JP-A-6-339635 discloses a method which
comprises impregnating an oxide support with a solution
comprising a compound of a Group 6 metal, a compound of a
Group 8 metal, organic acid and phosphoric acid, followed
by drying at 200°C or lower to obtain a catalyst, and
further impregnating the catalyst with a solution of
organic acid, followed by drying at 200°C or lower.

JP-A-6~31176 discloses a technique for catalyst
production which comprises impregnating an inorganic oxide

support with a compound of a Group 8 metal and

heteropolyacid of a Group 6 metal, followed by drying.



catal yst production which conprises inpregnating an oxide support with a
sol ution conprising nolybdenum tungsten, a conpound of a Goup 8 netal,
mer capt ocar boxylic acid and phosphoric acid. This process is mainly
intended to forma coordination conpound of the mercaptocarboxylic acid
with nolybdenum tungsten, and the Group 8 netal conpound and to highly
di sperse the coordination conpound on the catal yst support. However, in
the catal yst produced by the process descri bed above, the nol ybdenum and

tungsten i s highl | rseg q?g@po enge, di cult to
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e., active sites of cobalt or nickel |located at the edges of the second

and Ove”é’éxﬁigo&ﬁd/e& of @Pbypdenuetsli suhkirdaptdypebbxygilies awiah ahe¢ active
sites of cobalt or nickel located at the edges of the first |ayer of

nol ybdenuyph sk shdficleacadd have |ower activity than the Type |1 sites). In
addi tion, there Is a possibility that when the nercaptocarboxylic acid,
whi ch contains suHiis, pgopessenti® amaindyt heinfrended nbbal flaabal @ or

ni ckel) or forma
coordination compound of the nercaptocarboxyllc acid with
molybdenum, tungsten, and the Group 8 metal compound and to
highly disperse the coordination compound on the catalyst
support.

However, in the catalyst produced by the process
described above, the molybdenum and tungsten is highly
dispersed on the support and, hence, it is difficult to
form laminating layers of molybdenum disulfide such as
those in the present invention which will be described
later. It is presumed that this related-art process yields
no Type II sites of a CoMoS phase or NiMoS phase which are
especially effective as active sites for desulfurization
(i.e., active sites of cobalt or nickel located at the
edges of the second and overlying layers of molybdenum
disulfide; Type I sites mean the active sites of cobalt or
nickel located at the edges of the first layer of
molybdenum disulfide, and have lower activity than the Type
II sites).

In addition, there is a possibility that when the

mercaptocarboxylic acid, which contains sulfur, is present



coordi nati on conpound, then the sulfur contained iin the acid m ght give
not desul furization-active sites (CoMoS phase or N MbS phase) but Co9Se or
Ni 3S2, which are inactive fornms of cobalt and nickel. The processes for
catal yst production described above have drawbacks that sonme of these
necessitate conplicated steps and that sone of the catalysts obtained are
unsui table for use in the ultra-deep desul furization of a gas oil, sone
have a low efficiency in the ultra-deep desulfurization range, and others

have a short |jf I gol t ent, d1 | S desime dor the
developngﬁ¥£% ag?%cﬁﬁgﬁ%gygfd%e%ﬁ%aﬁgﬁﬁ§h§§cg%aﬂ§§?&§%%cﬁ% has hi gher

desul f ur izRbigih A | bm@Bing, | MR khce sbmfur desukiuniozat ian s al yst s
heretofore in use and wth which the ultra-deep desul furization of a gas
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~conditions. DI SCCOSURE OF THE | NVENTI ON An obj ect of the present invention
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exceedingly highly desul furized and sinultaneously denitrified in a sinple
manner Wwifidiaig ofeeessilitatandy rsiekayle. operating conditions, and to provide a
process for producing the catalyst. 6 Another object of the present
invention is to Theovpdecasseshofoforcatghystefpredustion hydpsnfieed ng a
Jas above have drawbacks that some of these necessitate

complicated steps and that some of the catalysts obtained
are unsuitable for use in the ultra-deep desulfurization of
a gas oil, some have a low efficiency in the ultra-deep
desulfurization range, and others have a short life.
Accordingly, at the present, there is a desire for the
development of a technology for obtaining a catalyst which
has higher desulfurization activity and a longer life than
desulfurization catalysts heretofore in use and with which
the ultra-deep desulfurization of a gas oil can be realized
by a simple method without using severer operating

conditions.

DISCLOSURE OF THE INVENTION

An object of the present invention is to provide a
hydrotreating catalyst with which a gas o0il can be
exceedingly highly desulfurized and simultaneously
denitrified in a simple manner without necessitating severe
operating conditions, and to provide a process for

producing the catalyst.



oil fraction with the catalyst. The present invention relates to a catal yst
for hydrotreating gas oil, which conprises an inorganic oxide support
havi ng provi ded thereon: at |east one selected from netals in the Goup 6
of the periodic table at from10 to 30% by weight, at"least one sel ected
frommetals in the Goup 8 of the periodic table at from1l to 15% by

wei ght, phosphorus at from1.5 to 6% by weight, and-carbon at from 2 to
14% by wei ght, each in terns of a respective oxide anount based on the
cat al yst, wherei Anoitherat abyecthasfa thpecpfeésentr fieentien ofigrdim 220 to
300 n2/g, a pore volune of from0.35 to 0.6 nm/g, and an average pore

di aret er pyoviisisuta medhagh fiar J5ghlyrefifiaiantdy thigatagating e fdson
relates to a process for producin%_the catal yst, which conprises
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30% by weight, at*least one selected from metals in the
Group 8 of the periodic table at from 1 to 15% by weight,
phosphorus at from 1.5 to 6% by weight, and carbon at from
2 to 14% by weight, each in terms of a respective oxide
amount based on the catalyst, wherein the catalyst has a
specific surface area of from 220 to 300 m’/g, a pore
volume of from 0.35 to 0.6 ml/g, and an average pore
diameter of about from 65 to 95 A.

Furthermore, the present invention relates to a
process for producing the catalyst, which comprises
providing a metal in the Group 6 of the periodic table at
from 10 to 30% by weight, a metal in the Group 8 of the
periodic table at from 1 to 15% by weight, phosphorus at
from 1.5 to 6% by weight, and carbon at from 2 to 14% by
weight, each in terms of a respective oxide amount based on
the catalyst, onto an inorganic oxide support having a
specific surface area of from 270 to 500 m’/g, a pore

volume of from 0.55 to 0.9 ml/g, and an average pore

diameter of from 60 to 120 A, using a solution comprising



phosphoric acid, followed by drying at a tenperature of 200*C or | ower.
Moreover, the present invention relates to a nethod for hydrotreating gas
Ql, which conprises subjecting a gas oil fraction to a catalytic reaction
in the presence of the catalyst under conditions at a hydrogen parti al
pressure of from3 to 8 MPa, a tenperature of from 300 to 4200C, and a

| iquid hourly space velocity of fromO0.3 to 5 hr-'. BRI EF DESCRI PTI ON OF
THE DRAWNGS Fig. 1 is a transnission el ectron photonicrograph of Catalyst
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when an i ani ¢ oxi de Support 1S l'ution containing
a corrpour%]b P dr & 6 netal, a corrpound of a Group 8 netal, organic acid
and phosphoric acid to |npregnate t hese conponents thereon in gi ven
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desul furi zation sites (e.qg., MbS phase, Ni MbS phase, etc.) can be
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As a result, a high-performance desul furization catal yst can be
oil fraction to a catalytic reaction in the presence of the
catalyst under conditions at a hydrogen partial pressure of
from 3 to 8 MPa, a temperature of from 300 to 420°C, and a

liquid hourly space velocity of from 0.3 to 5 hr™

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a transmission electron photomicrograph
of Catalyst B according to the present invention.
Fig. 2 is a graphic presentation showing the
results of a catalyst life test for Catalyst D according to

the present invention and comparative Catalyst a.

BEST MODE FOR CARRYING OUT THE INVENTION
The present inventors made intensive investigations
in order to accomplish those objects. As a result, it has
been found that when an inorganic oxide support is
impregnated with a solution containing a compound of a
Group 6 metal, a compound of a Group 8 metal, organic acid
and phosphoric acid to impregnate these components thereon

in given amounts and dried at a temperature of 200°C or



obtained which facilitates a ultra-deep desulfurization reaction w thout
usi ng severer reaction conditions because the desulfurization reaction and
a denitrification reaction proceed efficiently with the catalyst. The
catal yst of the present invention is suitable for hydrotreating a gas oi
fraction such as straight-run gas oil, catalytically cracked gas oil,
thermally cracked gas oil, hydrotreated gas oil, desulfurized gas oil,
vacuum distillation gas oil (V&) and the |ike. Exanples of properties of

h fe k oil I ncl boi.l i ' .of f 150 450C and
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Exampl e um na which can be used i1 nclude various alum nas such as

a-al um ngedurtd) Us Agh¥pak¥Bri@ncedd@lswIfidi 2B t4B8 & {Binaite cadoé he
| i ke. However, an alum na which is porous and has a | arge specific surface

area is pfeinead. WwHidar tia@illdrtatesal @n gatira-aeepablesu DY Updvasn havi ng
a purity of generally about 98% by weight or higher, preferably about 99%
by wei ghtresctighewithoet pséher aevererxargdesiod copditiors becaaseed in
alum nas the desulfurization reaction and a denitrification reaction
proceed efficiently with the catalyst.
The catalyst of the present invention is suitable
for hydrotreating a gas o0il fraction such as straight-run
gas o0il, catalytically cracked gas oil, thermally cracked
gas o0il, hydrotreated gas o0il, desulfurized gas oil, vacuum
distillation gas 0il (VGO) and the like.
Examples of properties of such feedstock oils
include a boiling point range of from 150 to 450°C and a
sulfur content of 5% by weight or lower.
The inorganic oxide support used in the catalyst of
the present invention may be alumina alone. It is, however,
preferred to use a composite oxide containing alumina as
the main component in order to further improve
desulfurization activity.
Examples of the alumina which can be used include
various aluminas such as a-alumina, p-alumina, y-alumina,
8-alumina, alumina hydrates and the 1like. However, an

alumina which is porous and has a large specific surface

area is preferred. In particular, y-alumina is suitable.



i ncl ude S042-, O -, Fe203, Na20 and the |ike. The-lower the content of
these inpurities, the nore preferable the alumna is. The total content of
all inpurities is preferably 2% by weight or |lower, nore preferably 1% by
wei ght or | ower. The content of each inpurity is preferably as foll ows.
The content of SO42- is preferably |ower than 1.5% by weight, and that of
each of -, Fe2G3 and Na20 is preferably Iower than 0.1% by wei ght. An
oxi de conponent used as a conponent of a conposite with an alumna is

pref er ablg vidi lagatiawiteg sepaelie¢ bforgerratdllas, about a988i biycaednyht
zirconia. Use of these oxide conponents as conponents of the conposite is
advant ageaushighéoy nppefeaablgt iakputay®9s bl meiditenom hdigbelfi éee Anmong

t hese oxi de conmponents, zeolites have an average particle dianmeter as

det er mi ngrdfertdbdeCoul ter counter method (1 w % aqueous NaCl sol ution
aperture, 30 m ultrasonic treatnent, 3 mnutes) of about from2.5 to 6

m preferably ab@xamples 3 ¢H 5impuaridiesr e gontaingdy iabolumigAs3 to 4
m In the zeolites, the proportion of particles having a particle dianmeter
of 6 m orirsrialdeersQd’, (ehier Hd.9; abdaiO fandn et dikey, g‘héf doxsry Hdisout from
75 to - 10 98% nore preferably about from80 to 98% based on al
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reci sel requl ati ng the pore di apeter so that _subsiances ... .
P >,alungtgina ié% TRe tota content of afi fﬁpurltles is

preferably 2% by weight or lower, more preferably 1% by
weight or lower. The content of each impurity is
preferably as follows. The content of S0, is preferably
lower than 1.5% by weight, and that of each of Cl°, Fe)0,
and Na,0 is preferably lower than 0.1% by weight.

An oxide component used as a component of a
composite with an alumina is preferably at least one
selected from zeolites, boria, silica and zirconia. Use of
these oxide components as components of the composite is
advantageous in forming laminating layers of molybdenum
disulfide.

Among these oxide components, zeolites have an
average particle diameter as determined by the Coulter
counter method (1 wt% agueous NaCl solution; aperture, 30
um; ultrasonic treatment, 3 minutes) of about from 2.5 to 6
pum, preferably about from 3 to 5 um, and more preferably
about from 3 to 4 pm. In.the zeolites, the proportion of
particles having a particle diameter of 6 pm or smaller is

generally about from 70 to 98%, preferably about from 75 to

- 10 -



which are difficult to desulfurize can easily diffuse into the pores. For
exanpl e, when a zeolite having too |arge an average particle dianeter or
too high a content of coarse particles is used for preparing a conposite
oxi de support, the alum na hydrate (alum na precursor) and the zeolite
show di fferent degrees of shrinkage during heating and calcining due to a
difference in water adsorption or crystallinity between the al um na
hydrate (alumna precursor) and the zeolite and this tends to give a

conposi t i d PRQLL i [ | 0B~ P@eRS, ¥ or
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enabl e J elyselely) leg, functioning as a catalyst poison to readily
diffusenﬁlﬁilﬁ% pore":;é’!]ierslB such a case that the catalyst is used for the

treatment of bottg, S¥ePel@ifgs X eseBgieest axk t advaatulgeous afenmt al yst
deactivation in desul furization, denitrification, and cracking. Preferred

exanpl es pfedfsdly ese§Uih8bhg Ol Ysoreisdisnepencsbs tiata subpomides with an
alumina in the present invention include faujasite X-type zeolite,

f auj asi t agyhicH Y@re z&0f fieult 3toedeistid furizde cane erpalliyt adi M acints
zeolites (ZSm4, 5, 8, 11, 12, 20, 21, 23, 34, 35, 38, 46, - 11 etc.),

MCM 41, Mé 29oredM 4Ryr ISAEmgs e UMhen «ZedlitglhayingFao I@xrge 2@ t he

| i ke. Especially preferred are Y-type zeolite, stabilized Y-type zeolite

and (3 zeavéxrage Parthelepddametero®n RO Zbbeht 8s canteRterqf goarse

particles is used for preparing a composite oxide support,
the alumina hydrate (alumina precursor) and the =zeolite
show different degrees of shrinkage during heating and
calcining due to a difference in water adsorption or
crystallinity Dbetween the alumina hydrate (alumina
precursor) and the =zeolite and this tends to give a
composite oxide support having relatively largé pores, i.e.,
meso- or macropores. The large pores not only reduce the
surface area but also enable metallic components
functioning as a catalyst poison to readily diffuse into
the pores in such a case that the catalyst is used for the
-treatment of bottoms. Ssuch large pores hence tend to
result in a catalyst deactivation in desulfurization,
denitrification, and cracking.

Preferred examples of zeolites suitable for use as
components of a composite with an alumina in the present
invention include faujasite X-type =zeolite, faujasite Y-
type zeolite, P zeolite, mordenite zeolite, ZSM-series

zeolites (ZSsM-4, 5, 8, 11, 12, 20, 21, 23, 34, 35, 38, 46,

- 11 -



As the boria, silica and zirconia can be used ones generally enployed as
support conponents of this kind of catalyst. The zeolites, boria, silica
and zirconia may be used alone or in conbination of two or nore thereof.
The amobunt of the conponents to be incorporated is not particularly
limted. However, the anmount of the conponents in the conposite oxide
support is generally about fromO0.5 to bel ow 20% by wei ght per about from
hi gher than 80 to 99.5% by wei ght of the alum na, preferably about from

0.5 to 159 I~ht t f 99.,5% ' f [ um ,
and rrgr e%;ﬁcg%é\r,\?b%‘lalgg&c ﬁ??grh 6((@{1145% %%‘%%3 ’w(gﬁ' éﬁtﬂﬁg’r& r&Ia_bs(cjfutvt r-c'??h g(r)n tn g
99. 5% by peeightaofy Lhe ?bﬂml{lﬁce To%ssé@éilalg{yaaygfeféfﬂgd?g?%ntﬁtﬁ;ﬁet hose

conponent’s result” in diffrcalties in pore er regul aton.

additionuekﬁ§i§ﬂalIsgggyﬂ§§ehher§g{ é§SLH£e gﬁgensugLFng%t Jdgitat i on of

. d
Br4nsted acid sites or Lewms acid s s, while too anount s t her eof

result i t I ec ybdenum to be |ess
E‘iug:ﬁh;?ig@}@i g;g'-btoﬁ Wihed BF18ltes @3 gx?f'éh@i

apt to y disperse. - 127 The inorganic oxide support to be used in
the present invagt k@R isodilLPad £Lh 4 dv@hz cAESHhDAL EQR Wi @lzedS one@nduct ed

at about from 580 to 700C for about from1l.5 to 3 hours. The catal yst of
the presenddaant i@plsydd epar efhpport components of this kind of
catalyst.

The =zeolites, boria, silica and =zirconia may be
used alone or in combination of two or more thereof.

The amount of the components to be incorporated is
not particularly limited. However, the amount of the
components in the composite oxide support is generally
about from 0.5 to below 20% by weight per about from higher
than 80 to 99.5% by weight of the alumina, preferably about
from 0.5 to 15% by weight per about from 85 to 99.5% by
weight of the alumina, and more preferably about from 0.5
to 10% by weight per about from 90 to 99.5% by weight of
the alumina.

Too small or too large amounts of those components
result in difficulties in pore diameter regulation. In
addition, too small amounts thereof result in insufficient
impartation of Br¢nsted acid sites or Lewis acid sites,
while too large amounts thereof result in a tendency for
Group 6 metals, especially molybdenum, to be less apt to

highly disperse.
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by nerely drying at 200C or |ower the inorganic oxide support on which
active conponents have been provided, as w | be described later.

Accordi ngly, the nechanical properties of the catalyst (e.g., side crushing
strength, conpacted bulk density, etc.) which will be described |ater
shoul d be obtained by burning the inorganic oxide support. Wen
calcination is conducted at a tenperature |ower than about 580C for a
period shorter than about 1.5 hours, sufficient nechanical strength cannot

be obtained. Eve aﬁ%bgngggghgﬁgéggaeper ékégteqx@t b hbggdt gyeqﬁﬁyre

exceedi ng about exceedlng about hour's, not

Co Y ot BEALEE A% 8! BroBakla tAlofih BaiRiAaRTbn SAidH) JBY occur

to I npal proper Ies o ani ¢ OXI sucn as speC|f|c

surface gl AL avtol%t a@ﬁo,ﬁvgéag%op@ro% éi gge! 8boutNereReal [ Geurf ace

area, pore volunme and average pore dianeter t he 1 norgani c oxi de support
shoul d be; ggudL) | ows so as to enable the catal yst to have high activity
in the hydrodesulfurlzat|on of hydrocarbon oils. The specific surface area

of the support isHd aLaDyd® 880 tHE2/ gre s eiAPeNtioAMiZ0ptepatddl 2/ g.
The pore volunme - 13 thereof is fromO0.55 to 0.9 nm/g, preferably from

0.65 to ¥y Smekkedy Theyiwerage PO0EC dicanelewet hatheof iherfaninc60ostiode 120 A,

preferably from65 to 90 A. The reasons for those property ranges are as

foll ows. support on which active components have been provided, as
will be described later. Accordingly, the mechanical
properties of the catalyst (e.g., side crushing strength,
compacted bulk density, etc.) which will be described later
should be obtained by burning the inorganic oxide support.
When calcination is conducted at a temperature lower than
about 580°C for a period shorter than about 1.5 hours,
sufficient mechanical strength cannot be obtained. Even
when calcination is conducted at a high temperature
exceeding about 700°C for a prolonged period exceeding
about 3 hours, not only the effects of burning are
saturated but also densification may occur to impair
properties of the inorganic oxide support, such as specific
surface area, pore volume, and average pore diameter.

The specific surface area, pore volume and average
pore diameter of the inorganic oxide support should be as
follows so as to enable the catalyst to have high activity
in the hydrodesulfurization of hydrocarbon oils. The

specific surface area of the support is from 270 to 500

m’/g, preferably from 300 to 450 n’/g. The pore volume
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The G oup 6 netal and Goup 8 netal in the inpregnating solution each are
t hought to be present in the formof a conplex (the Goup 6 netal has
coordinated to the phosphoric acid to form heteropol yacid, while the G oup
8 netal has coordinated to the organic acid to forman organonetallic
conpl ex). Accordingly, when the specific surface area of the support is
smal l er than 270 n2/g, it is difficult to highly disperse each netal in

i npregnati on because of the bul ki ness of the conplex. As a result, it

ld b i fficqulit i gel h ' t
\Q?ICJ)I‘ erreﬁtt?llc?nlfeé(fcf;c{? vgré)ﬁ;lteglég?e).ég.r %goqwﬁg%hggé‘gfﬁlﬁéwggﬁ g%ggemgrest rfe° i ke)

in the resy thngy cat@ey Sdvd AU GBor&Ubf bddatbonen¥henst e Fpemi fac tsur face
area of the support is larger than 500 n2/g, the support has an

exceedi nglag RABIdre ¥ aH14} FRIEI6 D lngke, gi ves a catal yst which al so has
too small a pore dianetér. Such a catalyst having too small a pore

di ameter has redugrd desddny | Zd orclisdd Vignogmaauserardes didfaisian of

sul fur compounds into the catal yst pores is insufficient. - 14 \en the
pore vol e ldwd he support is smaller than 0.55 nl/g, the anpbunt of the
solvent infiltrating into the pores is too snmall when a catalyst js
prepared by the Thrali réaronp npf egrettdalon ansd hditow nck tetashl vight ®®unt is
thus limted, the conpounds of active netals show poor solubility

resul ti nginpregnating seluticn KRR ¥F¢ | OYght to be present in the

form of a complex (the Group 6 metal has coordinated to the
phosphoric acid to form heteropolyacid, while the Group 8
metal has coordinated to the organic acid to form an
organometallic complex). Accordingly, when the specific
surface area of the support is smaller than 270 m?/g, it is
difficult to highly disperse each metal in impregnation
because of the bulkiness of the complex. As a result, it
woﬁld be difficult to precisely regulate the formation of
the aforementioned active sites (e.g., CoMoS phase, NiMoS
phase or the 1like) in the resulting catalyst through
sulfidation.

When the specific surface area of the support is
larger than 500 m’/g, the support has an exceedingly small
pore diameter and hence gives a catalyst which also has too
small a pore diameter. Such a catalyst having too small a
pore diameter has reduced desulfurization activity because
the diffusion of sulfur compounds into the catalyst pores

is insufficient.
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gi ve a catal yst having poor activity. Although the solubility of the
conmpounds of active nmetals nmay be enhanced by adding a | arge anount of an
acid, e.g., nitric acid, the technique-is disadvantageous in that the
acid, when added in too |arge an anount, reduces the surface area of the
support and this is a major cause of a decrease in desulfurization
activity. Wien the pore volune of the support is larger than 0.9 m/g, the
support has an exceedingly small specific surface area and the active

met al s hence shoWththedb%E§L§PEhhgtgf ﬁﬁiukhbﬁ&rkni% Gakhahwst thaw ng poor

desul furization activity e pore dianetéer of the support is smaller

than 60 4, stsheyical alyad 4ot bF 2EREdsbiyeHEh iaghn¥ealRhg! indepayet i on
al so has t60 snal1” a pore dianeter. The catalyst having too small a pore

di amet er Jageel edicatho dgRHhiURal | o asthyyby bRraysephieddisy ushen of
sul fur éﬁnpoun S into the catalyst pores is insufficient. Wen the pore

di amet er onditn*éergsUjﬂngﬁfégdaSc;ﬂcﬁ{ aRdthddan d20cé\ thBesalppatt agouas dscatal yst
having a reduced - 15 specific surface area. In the catalyst, the

di spersi hinhdst Y1iffitbhe agié veompoandsbesonesctnioes hetalse shiowhedwo snal |
specific surface area of the catal yst. The catal yst hence has poor

desul f ur iggatibdn iast,| viésulPind einedmeimedsmetal hdiGpeupibidétyl teont ai ned
in the catal yst of the present invention include nol ybdenum
give a catalyst having poor activity. Although the
solubility of the compounds of active metals may be
enhanced by adding a large amount of an acid, e.g., nitric
acid, the technique' is disadvantageous in that the acid,
when added in too large an amount, reduces the surface area
of the support and this is a major cause of a decrease in
desulfurization activity.

When the pore volume of the support is larger than
0.9 ml/g, the support has an exceedingly small specific
surface area and the active metals hence show poor
dispersibility, resulting in a catalyst having poor
desulfurization activity.

When the pore diameter of the support is smaller
than 60 A, the catalyst to be obtained through active metal
deposition also has too small a pore diameter. The
catalyst having too small a pore diameter has reduced
desulfurization activity because the diffusion of sulfur
compounds into the catalyst pores is insufficient.

When the pore diameter of the support is larger

than 120 A, the support gives a catalyst having a reduced
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and tungsten. Ml ybdenumis particularly preferabl.e. The content of the
Goup 6 netal is from1l0 to 30% by weight, preferably from 16 to 28% by
weight, in ternms of. an oxide anpunt based on the catal yst. Wen the
content of the Goup 6 netal is lower than 10% by weight, this anmount is

i nsufficient for producing the effect attributable to the Goup 6 netal.
Wen a catalyst having a Goup 6 netal content exceeding 30% by weight is
to be produced, aggregation of the Goup 6 netal conpound occurs in the

step of G au met al. i npregnat i e i), s+t I+h, 4 I

di spersi lﬁpﬁﬁfﬁl& st"rfefa@r?éuﬂ}%% rrg?alt.glgl %%glg&yﬁqdn,trht%ﬁil&s}ts at asllys}ltqq%gnt ai ns
the Goup®6 tk{%tﬂti\% alﬁegrﬂ)éml%e@&ﬁ&?dgagrt Bechiugkt o2f t8kf koetimall .
di spersi on or has a considerably reduced surface area. No inprovenent in

catal yti G pcdipid yS\]iust@@cgr@at?f nefle Baehakied erneplesafystheeédamip 8

metal include cobalt and nickel. The content of the Goup 8 netal is from

1 to 15%hdey peiiiesur it ior raweid ity 8% by weight, in terms of an
oxi de anmpunt based on the catalyst. - 16 Wen the content of the Goup 8

metal is |ower tlrdefeddey evamples aofi whesiGusumt 61 Megedbleontaingd G oup 8
metal cannot be sufficiently obtained. Wien a catalyst having a Goup 8

net al cortrertheeaaealiyst 1586tHe waiegent sinyenfiee dnalife Rl masium he
G oup 8 nmetal conpound occurs in the step of Group 8 net%Hetnpregnation
(deposi t iagd ,tungsten. Molybdenum is particularly prefera
The content of the Group 6 metal is from 10 to 30%
by weight, preferably from 16 to 28% by weight, in terms of
an oxide amount based on the catalyst.
When the content of the Group 6 metal is lower than
10% by weight, this amount is insufficient for producing
the effect attributable to the Group 6 metal. When a
catalyst having a Group 6 metal content exceeding 30% by
weight is to be préduced, aggregation of the Group 6 metal
compound occurs in the step of Group 6 metal impregnation
(deposition), resulting in poor dispersibility of the Group
6 metal. In addition, this catalyst contains the Group 6
metal in an amount exceeding the limit of efficient
dispersion or has a considerably reduced surface area. No
improvement in catalytic activity is hence attained.
Preferred examples of the Group 8 metal include
cobalt and nickel.
The content of the Group 8 metal is from 1 to 15%

by weight, preferably from 3 to 8% by weight, in terms of

an oxide amount based on the catalyst.
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resulting in poor dispersibility of the Goup 8 nétal. In addition, it is
t hought that use of the Goup 8 netal in such too |large an anount vyi el ds,
e.g., CoO N O etc., which are precursors for Co9S8 and Ni 3S21 which are"
i nactive forns of cobalt and nickel, and furthér yields a cobalt spinel,
ni ckel spinel or the like incorporated in support lattices. Nanely, the
catalytic activity is reduced rather than inproved. The optimal proportion
of the Group 8 netal to the Goup 6 netal, which are contained in the

respective anbughénsbRencabeeft bf tHehckBap Bhaetali @sofiowee emiaght of
the Goup 8 netal to the total weight of the Goup 8 netal and the Goup 6

nmetal inikersp QleidyhtoXi detdveudides ftebebabhplabaid themdkdup 080. 25.
When that ratio is below about 0.1, the fornmation of a CoMbS phase, N MoS

phase or melall id&nnobi Pe aseffidegblyt obraiarid.ve Wheas 4 ocatalyst
desul furization, is inhibited, resulting in a limted inprovenent in

desul f ur ha&tingn aa@rotip Y8 Mbealt kahteati @xceddiglheriihaby wbdght0id5, the
formati on of the aforenentioned inactive - 17 formof cobalt or nickel
(Co9S9 oprhiddsed,t endereigathieon axft eiher aGrolyp r @smetahg compauhidniocetrs
i nprovement in catalytic activity. The content of phosphorus is fromO.8
to 8% by inwethgnt stepefef alfrpur ofn mesalo Boppegnetivn, (depesigdendrabl y
from2 to 5% by wei ght, based on the catal yst.
resulting in poor dispersibility of the Group 8 metal. 1In
addition, it is thought that use of the Group 8 metal in
such too large an amount yields, e.g., CoO, NiO, etc.,
which are precursors for Co,S, and Ni,S,, which are inactive
forms of cobalt and nickel, and further yields a cobalt
spinel, nickel spinel or the like incorporated in support
lattices. Namely, the catalytic activity is reduced rather
than improved.
The optimal proportion of the Group 8 metal to the
Group 6 metal, which are contained in the respective
amounts shown above, is such that the ratio of the weight
of the Grdup 8 metal to the total weight of the Group 8
metal and the Group 6 metal in terms of an oxide amount is
preferably about from 0.1 to 0.25.
When that ratio is below about 0.1, the formation
of a CoMoS phase, NiMoS phase or the 1like, which are
thought to be active sites for desulfurization, is
inhibited, resulting in a limited improvement in

desulfurization activity. When that ratio is higher than

about 0.25, the formation of the aforementioned inactive
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When the content of phosphorus is |Iower than 0.8%. by weight, it is
presuned that the Goup 6 netal cannot form a heteropolyacid on the

catal yst surface and, hence, the step of presulfiding does not yield

hi ghly di spersed MS2 and cannot sufficiently formthe aforenentioned
active sites for desulfurization. In particular, fromthe standpoint of
enabling the catalyst to have lam nating |ayers of nolybdenumdisulfide in
a nunber of from2.5 to 5 on the average after presulfiding, the content

of phosq__l(}(}rmusoifs g&ﬁgﬂabé gﬁ@ip{]eal egctoosl. By bNiVSe:)gP%eH&s hghgle On the

t
ot her hand,” whén tRhe conten osphords® 1's highé an 8% by wei ght,

the Goup tedif féﬁﬁi*#n forip aghetignReld/ackfpebvehéneat anyst
surface and, hence, " the hig -qgallty active sites for desul furization are

formed t iQUARdIreHddivaigyd. It is, however, presumed that the excess
phosphorus i1s“a major cause of a decrease in activity because it functions

as a poison to Capy cofeehturdzapheBpRéthEe &4 t Exom 088 THee sentant of
carbon is from2 to 14% by weight, preferably from2 to 10% by wei ght, and

nore prefwsialty, fpeeEéraldly% byowei ghs, Hasedé®n bire owmtiahyst. mke car bon
I's derived fromorganic acid, preferably citric acid. Wen the content of
car bon i preferablarfrim Dbytovd gy weisghdy ,olmsedrmmltwemmtaltystuf ficiently
forma conplex conpound with the organic acid on the catal yst
When the content of phosphorus is lower than 0.8%

by weight, it is presumed that the Group 6 metal cannot

form a heteropolyacid on the catalyst surface and, hence,

the step of presulfiding does not yield highly dispersed

MoS, and cannot sufficiently form the aforementioned active

sites for desulfurization.  In particular, from the

standpoint of enabling the catalyst to have laminating

layers of molybdenum disulfide in a number of from 2.5 to 5

on the average after presulfiding, ihe - content of

phosphorus is preferably regulated to 1.5% by weight or

higher.

on the other hand, when the content of phosphorus

is higher than 8% by weight, the Group 6 metal sufficiently

forms a heteropolyacid on the catalyst surface and, hence,

the high-quality active sites for desulfurization are

formed through presulfiding. It is, however, presumed that

the excess phosphorus is a major cause of a decrease in

activity because it functions as a poison to cover

desulfurization-active sites. -
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surface. In this case, the Goup 8 netal which is not in the formof a
conplex is sulfided prior to the sulfidation of the Goup 6 netal in the
step of presulfiding. It is presuned that active sites for desulfurization
(e.g., a CoMdS phase, N MbS phase, etc.) are hence not sufficiently

formed and that Co9S8 or N 3S21 which are inactive forns of cobalt and

ni ckel, and a cobalt spi nel, nickel spinel or the | i ke incorporated in

by el ght. the A6 g§%ﬁ8?a|°f\é2§an£%§#e EPCREPD Port o EOrBl e Efeqhﬁrﬁpéﬂﬁg 0
W th the organl @lggltqio%g ? e\-T SHéi&lggfmt gﬁd b Se CPTRrRANGYEr, nOL

only the oup G oup forma-conpl ex onpound

Wi th thefgggaal%oaquggtggggikso %@%d?é e%ﬁecé%QQﬂgg%ﬂ'Ved fromthe organic

acid remains on th durtace en the G oup 6 netal has forned a

conpl ex with th?hQrGQPbSnaﬁbddeEE%e@rQ%Bmﬁo%%hﬁhc‘%ci@lftdﬁﬁerabl
simul taneously wth the sulfidation of the Goup 8 netal in the actlvatlon

(sul fidadieRlic ldcild prvﬁx%%{méhé habntan£h%f- cEboit! {4 dabwes, taahi ve sites
for desulfurization (e.g., phase, N MoS phase, etc.) are not

ef fici enblyy wellgitd &k ¢b¢§ Iga@lfettaa tdied aiomt 0L DEL€NOEe dorhi aS2,
which are inactive forns of cobalt and nickel. Furthernore, the excess

carbon i gomplex i ¥empéund dectleazhel Nnopganict adietaone thef wattalyss as a
catal yst poison to cover desul furization-active sites during
surface. In this case, the Group 8 metal which is not in
the form of a complex is sulfided prior to the sulfidation
of the Group 6 metal in the step of presulfiding. It is
presumed that active sites for desulfurization (e.g., a
CoMoS phase, NiMoS phase, etc.) are hence not sufficiently
formed and that Co,S, or Ni,S,, which are inactive forms of
cobalt and nickel, and a cobalt spinel, nickel spinel or
the like incorporated in support lattices are yielded.

When the content of carbon is higher than 14% by
weight, the Group 8 metal can sufficiently form a complex
compound with the organic acid on the catalyst surface. 1In
this case, however, not only the Group 8 metal but also the
Group 6 metal form a complex compound with the organic acid,
but also the excess carbon derived from the organic acid
remains on the catalyst surface.

When the Group 6 metal has formed a complex with
the organic acid, the Group 6 metal is sulfided
simultaneously with the sulfidation of the Group 8 metal in

the activation (sulfidation). It is presumed that in the
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sulfidation. In order for the catalyst of the present invention to have
enhanced activity in the hydrodesul furization and desulfurization of gas
oils, it should have the conposition described above and further have the
foll owi ng values of a specific surface area, a pore volunme and an average
pore dianeter. The specific surface area (as determ ned by the nitrogen
adsorption nethod (BET nethod)) of the catalyst is about from220 to 300
n2/ g, preferably about from240 to 280 nR/g. Wen the specific surface

area of ) SOAUNS, e S LEod N20- haUl 2201 R Lfon! 18.G1.0URGGRL 2l and

G oup 8 each are e present In thé formof a

I h dipat t : hepi [ f
conpl ex gg{a%aeg ymvﬁ thtﬁhe,aseiﬁo.of hpat a@dt! eifrci €bkedCiahd 0 form

a hetero e Goup 8 netal has coordinated to the organic

aci d to LQfyp afea@ 9RROIERE! Ifckne@TIeX0f €8gd, 362 malsj, *hiicBhlare
di sperse state on the catal yst surface because of the bul ki ness of - 20

the conplgiactAve fdeid lof idodal tlididd Giddkdia precisely regulate the
formati on of the aforenentioned active sites through sulfidation. The

catal yst hence haurteuardte,deshiél Wiiczalsi aarsdn viiby .catfwative efea fic
surface area of the catalyst is |larger than about 300 nR/g, the pore
di anet er denase efiar kaddiw iyynl besautbatitt hfsnctiahygstashas catmlysti | a
pore di anmeter and hence has reduced
poison to cover desulfurization-active sites during
sulfidation.

In order for the catalyst of the present invention
to have enhanced activity in the hydrodesulfurization and
desulfurization of gas oils, it should have the composition
described above and further have the following values of a
specific surface area, a pore volume and an average pore
diameter.

The specific surface area (as determined by the
nitrogen adsorption method (BET method)) of the catalyst is
about from 220 to 300 m?/g, preferably about from 240 to
280 m’/g.

When the specific surface area of the catalyst is
smaller than about 220 m?/g, the Group 6 metal and Group 8
metal, which each are thought to be present in the form of
a complex (the Group 6 metal has coordinated to the
phosphoric acid to form a heteropolyacid, while the Group 8
metal has coordinated to the organic acid to form an

organometallic complex), each are not in a highly dispersed

state on the catalyst surface because of the bulkiness of
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desul furization activity in -hydrotreating because the diffusion of sulfur
conpounds into the catalyst pores is insufficient. The pore volune of the
catal yst as determ ned by the mercury penetration nmethod is about from
0.35to0 0.6 m/g, preferably about fromO0.36 to 0.55 m/g. Wen the pore
volune of the catalyst is smaller than about 0.35 m/g, the catalyst has

I nsufficient desulfurization activity in hydrotreating because the

di ffusion of sulfur conmpounds in the catalyst pores is insufficient. Wen

the pore ) UgBMpiER! €0 Sal 2EgRN L, ha abauldik £ dHY0, tbhpreaiidalyt has an
exceedi ngly snal? specific surface area and the active netals are present

in an i npdduiEtRNtite dESBREEEEINSLF &he TAESrémémt YShedeneeibas giadisced
desul furization activity. The average pore dianeter of the catal yst, as
det er m nashrouyh a gulrfd ceitzondi st r Thet | eatalyaitnetiemeet hdhasrenmduced
penetration nethod, is about from65 to 95 A, preferably about from70 to
95 A \Welesuifwmieratgenpoaet Dvidy aneWeenofthehespedt Bf st sugfamel |asrea han
about 65 A, - 21 reactants are less apt to diffuse info the pores and,
hence, dsuthericadEilystr ebet ilesgedo Hran ppbevsd XIG | ®ikht | $hewrare t he
average pore dianmeter thereof is |arger_than about 95 A the catal yst has
a reducediiametam begoneeemakably ¢ fBalbopasthptnébdr Gatalyistn hafto the
pores is satisfaci?ry. The cat alyst hence hgs q\reduceg effec%ive(;pecific
surface too sma a pore fameter ~an ence as Treduce

desulfurization activity in - hydrotreating because the

diffusion of sulfur compounds into the catalyst pores is

insufficient.

The pore volume of the catalyst as determined by

the mercury penetration method is about from 0.35 to 0.6

ml/g, preferably about from 0.36 to 0.55 ml/g. When the

pore volume of the catalyst is smaller than about 0.35 ml/g,

the catalyst has insufficient desulfurization activity in

hydrotreating because the diffusion of sulfur compounds in

the catalyst pores is insufficient. When the pore volume

thereof is larger than about 0.6 ml/g, the catalyst has an

exceedingly small specific surface area and the active

metals are present in an insufficiently dispersed state.

This catalyst hence has reduced desulfurization activity.

The average pore diameter of the catalyst, as
determined from a pore size distribution obtained by the
mercury penetration method, is about from 65 to 95 i,

preferably about from 70 to 95 A. wWhen the average pore

diameter of the catalyst is smaller than about 65 A,
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area and reduced activity. In order to enable the catalyst to have a | arger
ef fective nunber of pores satisfying the pore requirenents described
above, the catalyst is regulated so as to have such a pore dianeter
distribution that the proportion of pores having a diameter which is

wi thin about 15 A based on the average pore dianeter is generally about
75% or higher, preferably about 80% or higher. In addition, the pore

di aneter distribution of the catalyst is preferably nononodal. A catal yst

havi ng arE%E%anQ%a%E%e&eQ%S%?Eb%biaﬂfW%B%hih%onghﬁ” preY B33, HeHRer

anount of pores not contributing to activity an efice has reduce

desul f ur deallFuraGaitiony reblee ionlsaldss indt grte i i d fBily ON when
preferably one which after a sulfidationtreatnent has |lam™nating |ayers

of nol ybegeuaveirsdel pdee Ghiamewekek hefrddfe ilsaNryerokhahnyaboulty audik ,a
transm ssion el ectron mcroscope being from2.5to 5 on the average. These

| ayers oftheol yheehpst dhagl fa deeddltied ffiferh8I D86 Hicé hariedOr gAnitheoXi de
support, not only serve to - 22 increase the contact area of the catal yst

but al sopbaes arthoegisi Heffueign, inhtdMabephimatesoridi Mag igFastordfyar ned
therein. However, catalysts in which the nunber of such |amnating |ayers
i s snal | &het catalyStohenice hasr ageedaceda e fifecgdvepspeaiifiien sofr flacd v
active Type | sites of a CoMoS phase or N MbS phase and, hence, do not
have hi glargét iapidt yeduced activity.

In order to enable the catalyst to have a larger
effective number of pores satisfying the pore requirements
described above, the catalyst is reguléted so as to have
such a pore diameter distribution that the proportion of
pores having a diameter which is within about *15 & based
on the average pore diameter is generally about 75% or
higher, preferably about 80% or higher.

In addition, the pore diameter distribution of the
catalyst is preferably monomodal. A catalyst having a pore
diameter distribution which is not narrow has a larger
amount of pores not contributing to activity and hence has
reduced desulfurization activity.

The catalyst of the present invention is preferably
one which after a sulfidation treatment has laminating
layers of molybdenum disulfide, the number of the layers
observed through a transmission electron microscope being
from 2.5 to 5 on the average.

These layers of molybdenum disulfide, which are

formed on the inorganic oxide support, not only serve to
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On the other hand, catalysts in which the nunber of the nolybdenum
disulfide lamnated |layers is larger than 5 have a reduced absol ute nunber
of active sites although highly active Type Il sites of a CoMbS phase or

Ni MoS phase are forned. Consequently, these catal ysts also do not have
hi gh activity. Furthernore, the catal yst of the present invention
preferably has an in-plane-direction | ength of the nolybdenum disulfide

| ayers, observed through a transm ssion electron mcroscope, which is from

11to 3.5 @rea@_reef%é‘blc)éﬁft%%@ Zat s BOthmeE?gg}‘?{:a%t Vhe8o! hfve

I n-pl ane-direction | engt t he ol ybdenu I de layers is smaller

than 1 ngclibe £0088! 80g.D @KetoMa¥iNghakll B2 NIMGE CpRYEAYT Edniit
pent acoordi nate sul fur structure because the nol ybdenum disulfide

nol ecul e hdir@ iRY.eseléweney, asatalgbesniecwheésh thensagussy | pf BUSHDS
phase or N MbS phase serving as active sites cannot be formed. Wen the

i n- pl ane-ldimiecitiny lafrgtdh ishaemlflers e, 8 lvan theb avaraddee mbaolait e
nunber of edges is reduced because of the |large nol ybdenum - 23 disulfide
cryst al s largenwmropdet tombef dbwlhe aciiveatlype I agittesi off mo@aMd&S to 5 on
the average. As a result, active sites of a CoMoS phase or. N MbS phase
cannot b®hasec g dNiMeS phase @nsht hendsor dormote fravey highy aatd wrtasent

i nvention, which has thecProperties descri bed above, is preferab
obt ai ned 9y the other hand, catalysts in which the number of tlhe

molybdenum disulfide laminated layers is larger than 5 have
a reduced absolute number of active sites although highly
aqtive Type II sites of a CoMoS phase or NiMoS phase are
formed. Consequently, these catalysts also do not have
high activity.

Furthermore, the catalyst of the present invention
préferably has an in-plane-direction 1length of the
molybdenum disulfide layers, observed through a
transmission electron microscope, which is from 1 to 3.5 nm,

preferably from 2 to 3 nm, on the average.

When +the in-plane-direction 1length of the
molybdenum disulfide layers is smaller than 1 nm, the
cobalt and nickel cannot form a square pyrémid type
pentacoordinate sulfur structure because the molybdenum
disulfide molecules are present only as single molecules.
Consequently, a CoMoS phase or NiMoS phase serving as
active sites cannot be formed. When the in-plane-direction
length thereof is larger than 3.5 nm, the absolute number

of edges is reduced because of the large molybdenum
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the process of the present invention which will be explained bel ow:
Nanely, the catalyst is preferably obtained by a process which conprises-
providing at | east one of the aforenentioned Goup 6 netals, at |east one
of -the aforenentioned Goup 8 netals, phosphorus, and carbon in the
respecti ve anounts shown herei nabove onto an inorganic oxide support
havi ng the properties described above, using a solution containing at

| east one conpound containing the Goup 6 netal, at |east one conpound
cont ai ni agstibei&eoepydtalet averorngien cthei cumbe rploksptive | Lamdndtihgl | owed
by drying. For exanple, the process is acconplished by inpregnating the
| nor gani tagargde iwipgodin Vi 15 8os@ ubhortlv®niaweraye .t heAscampeesditand t he
li ke, followed by drying. Exanples of the conpound containing a G oup 6
met al i actheei rqirtegmabiEngg sObMbBorphiase ude MiMdgiepbaser iapande;, be

nol ybdophosphoric aci d, amoni um nol ybdate, nolybdic acid and the like.
Mol ybdenaecturedxideaaadffibtybdbphusbédeic acid are preferred. - 24 Such
conmpounds are added to the inpregnating solution in such an anount that
the catal yst confhensatiedysty oop GheetRFesentan iaventionit Whiehebaginge

shown herei nabove. Exanples of the conpound containing a Goup 8 netal
i ncl ude thBabPropedest cdesrrikad cabevRat 5 RuRfiarahly pktatpadobids,

ni ckel citrate conpounds, cobalt nitrate
the procggs of the present invention which will be

explained below.

Namely, the catalyst is preferably obtained by a
process which comprises providing at least one of the
aforementioned Group 6 metals, at least one of the
aforementioned Group 8 metals, phosphorus, and carbon in
the respective amounts shown hereinabove onto an inorganic
oxide support having the properties described above, using
a solution containing at least one compound containing the
Group 6 metal, at least one compound containing the Group 8
metal, organic acid and phosphoric acid, followed by drying.
For example, the process is accomplished by impregnating
the inorganic oxide support with a solution containing the
compounds and the like, followed by drying.

Examples of the compound containing a Group 6 metal
in the impregnating solution include molybdenum trioxide,
molybdophosphoric acid, ammonium molybdate, molybdic acid
and the 1like. Molybdenum trioxide and molybdophosphoric

acid are preferred.
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hexahydrate, nickel nitrate hexahydrate and the like. Cobalt carbonate,

ni ckel carbonate, cobalt citrate conpounds and nickel citrate conpounds

are preferred. Cobalt citrate conmpounds and nickel citrate conpounds which

- have a | ower deconposition rate than cobalt carbonate and nickel carbonate
are particularly preferred. Wien a cobalt or nickel conpound having a high

deconposition rate is used, the cobalt or nickel fornms a |ayer separately

fromlayers of nol ybdenumdisulfide, resulting in insufficient formation

of a highly actiggchCoMpapiRtda® Ofardd Maiddisero! Nnt&ent liagpregifading cobal t
or nickel conmpound having a | ow deconposition rate is used, such a highly

active phajetian b ssidh cafnbimsuher Mhdtatthd | Gaedupspacbataiinshehe
nol ybdenum di sul fi de. Exanpl es ofthe cobaltcitrate conpoundsincl ude

cobal t ougreir atée( @et{IC. HH07)ar) amobett wWythogenther atrangeOHEHIRA7) 1
cobalt citrate oxysalt (C03 (C6H507) 2.Coo)and the |ike. Exanples ofthe

ni ckel ci heatednabpeendsi ncl ude ni ckel ous citrate(Ni 3 (C6H50,) 2)

, i ckel hydrogencitrate - 25 (N HC6H507) , nickel citrate oxysalt (N 3
(C6H507) 2Ni O) aBsambdeli lbf. thiee compoundaciontadmimgnds CafougoiBalme ni ckel
can be produced in the followi ng manner. In the case of cobalt, for
exanpl e, iniedudenpebeds: Farkonateecdnigkel ssarbprgtecosabelartdi®t® i n an

aqueous solution of citric_acid. A citric acid conpound_obtained Ey such a
net hod m@pmpoussisg nickel citrate compounds, ~cobalt nitrat

hexahydrate, nickel nitrate hexahydrate and the like.
Cobalt carbonate, nickel carbonate, cobalt citrate
compounds and nickel citrate compounds are preferred.
Cobalt citrate compounds and nickel citrate compounds which
have a lower decomposition rate than cobalt carbonate and
nickel carbonate are particularly preferred.

When a cobalt or nickel compound having a high
decomposition rate is used, the cobalt or nickel forms a
layer separately from layers of molybdenum disulfide,
resulting in insufficient formation of a highly active
CoMoS phase or NiMoS phase. 1In contrast, when a cobalt or
nickei compound having a low decomposition rate is used,
such a highly active phase can be sufficiently formed at
rim-edge parts of the molybdenum disulfide.

Examples of the cobalt citrate compounds include
cobaltous citrate (Co,(C¢H;0,),), cobalt hydrogen citrate
(COHCH,0,), cobalt citrate oxysalt (Co,(C¢Hs0;),Co0) and the
like. Examples of the nickel citrate compounds include

nickelous citrate (Ni,(C.H;0,),), nickel hydrogen citrate
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as it is in catalyst preparation w thout renoving the water therefrom The
G oup 8 netal conpounds are added: to the inpregnating solution in such an
anount that the resulting catalyst contains the Goup 8 netal in an anount
wi thin the range shown herei nabove. Exanples of the organic acid include
citric acid nonohydrate, citric anhydride, isocitric acid, malic acid,
tartaric acid, oxalic acid, succinic acid, glutaric acid, adipic acid,
benzoic acid, phthalic acid, isophthalic acid, salicylic acid, malonic .
aci d and(NﬂacL 08) , Qxiékélaeudramn@xydlaate (NG, pCgH ex, pPli £0) | ands thepor t ant
that the organic acids should contain substantlally no sul fur. Wen citric
acid is ddkd.as the organic acid, the citric acid may be in the form of
citric acid alone or may be in the formof a citric acid conmpound with
cobalt or nickeTh¢Crbtipie metidl )compeeindes athosebalunendt sdckBdvean|t is
inportant that the organic acid should be added in such an anmpunt that the
resul ti ngecarapysed- 126th§0ﬁpéﬂﬁylﬂésméﬂaﬁrearﬁ@nth% aasan®fineohfi®hin t he

range shown above, i s advanta us thatcébe add t|on nount .of the
organi ¢ &€Fd FéFEP%%e tBhe heC R SOLYARSC
aci d/ G oup, 8_net al r ratio is enera .2.t0.1.2, .preferably
from O. GCBBa}tocarﬁﬂgﬁ hild il FIVERYD ?%i%% 892Fl%ﬁéFea§ﬁ 3 es where

active siteg atLrout %%ﬁ%dﬁatékié%héé)é§f§ﬁéﬂ gaﬂEQﬁogemay be used

as it is in catalyst preparation without removing the water
therefrom.

The Group 8 metal compounds are added . to the
impregnating solution in such an amount that the resulting
catalyst contains the Group 8 metal.in an émount within the
range éhown hereinabove. ' |

Examples of the organic acid include citric acid
monohydrate, citric anhydride, isocitric acid, malic acid,
tartaric acid, oxalic acid, succinic acid, glutaric acid,
adipic acid, benzoic acid, phthalic.acid, isophthalic acid,
salicylic acid, malonic acid and the like. Citric acid
monohydrate is preferable. It is important that the
organic acids should contain substantially no sulfur.

When citric acid is used as the organic acid, the
citric acid may be in the form of citric aéid alone or may
be in the form of a citric acid compound with cobalt or
nickel (Group 8 metal), such as those enumerated above.

It is important that the organic acid should be

added in such an amount that the resulting catalyst
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sufficiently obtained. Wen that ratio exceeds 1.2, the inpregnating
solution has too high a viscosity and this not only necessitates a | onger
time period for the inpregnation step but also may result in a poorly

di spersed state of the active nmetals, for exanple, because the active
metals do not infiltrate into inner parts of the support pellets. It is
al so advant ageous that the addition anount of the organic acid relative to
the total of the Goup 6 netal and the Goup 8 netal is such that the

or gani ¢ awm/din@ onpshduakt addrbon Gioupafi r@icinyg mdidin athe irarggneral |y
0.35 or lower, preferably 0.28 or lower, nore preferably 0.26 or | ower.
Val ues ofshdwat atmdwe. r alt o iex Gedintphgeolfs atlat ubhbesiadaliltd ann dnatntt he
excess organic acid which has not forned a conplex with a netal remains on
t he cat alofsttheswifgariandciflii sedaganmec tacitthe eGroump n§ metiefe icatsighst
surface may flow out together with a feedstock oil in a sulfidation step.
Exanpl es tfatt hehshosptmanic acadid/@roae vari mesalphowdlaar i craduiads isuch as
ort hophosphoric acid, 27 nmetaphosphoric acid, pyrophosphoric acid,

. tri phosplesneraldyl dfremst raphosphoki 2, apréfegabiyhofpomr ik tacta and + he

| i ke. Orthophosphoric_acid is particularlgmﬁreferable. As the phosphoric
aci d may Whenstdiis el dbopRbiphdsi dedaw, 0 whi chheseazemsases Wheres G oup
6 netal. In this case, when the_phosphorus content in the resulting

cat al yst 3¢ IVenetitomnathE1PyRePLlR hQ Ethewfroup 8 metal cannot be

sufficiently obtained. When that ratio exceeds 1.2, the
impregnating solution has too high a viscosity and this not
only necessitates a longer time period for the impregnation
step but also may result in a poorly dispersed state of the
active metals, for example, because the active metals do
not infiltrate into inner parts of the support pellets. It
is also advantageous that the addition amount of the
organic acid relative to the total of the Group 6 metal and
the Group 8 metal is such that the organic acid/[(Group 6
metal) + (Group 8 metal)] molar ratio is generally 0.35 or
lower, preferably 0.28 or lower, more preferably 0.26 or
lower. Values of that molar ratio exceeding 0.35 are
undesirable in that the excess organic acid which has not
formed a complex with a metal remains on the catalyst
surface and this organic acid remaining on the catalyst
surface may flow out together with a feedstock oil in a
sulfidation step.

Examples of the phosphoric acid include various

phosphoric acids such as orthophosphoric acid,
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her ei nabove, phosphoric acid is further added. Wen the conpound of a G oup
6 netal or the conpound of a Goup 8 netal does not sufficiently dissolve
in the inpregnating solution, an acid may be used, such as nitric acid,
organic acid (e.g., citric acid, malic acid, tartaric acid, etc.)),
together with that conpound. Oganic acid is preferably used. Wen organic
acid is used, there are cases where carbon derived fromthe acid remains
in the catal yst obtained. It is therefore inportant to regulate the
conposi t metaphokbholrtiipr egoadi, ngpyebphoepheict haktidhe &aipbospbaidat of the
catalyst is within the range shown above. The solvent for dissolving the

conponentsidn peepaphosphdeic nacighat poed yphlosphoriics aaidr .antherthiehe
anount of the solvent used is too small, the support cannot be

suf fi ci eptike.i npregephesphanibn adid 9| pantiewbaniyi preferabige, a

consi derabl e proportion of the active netals dissolved remains adherent to
the rimand ot hgﬁ partkeof tpRosReBi®er farid he iMAW egndad ng $@egtion -
28 wthout infiltrating intqg the support, so that the desired

i mpr egnaf'PeH® éﬁBE}ﬁFPBSHHSt agd Aol Y . 1 0oh SEORPENG, WikB 2afSONP & the
I t y, f 50 t f 60 to 85 100
o of “themB5BT0rt I MU oERaEng "Bk tBREHORENOT e USRIt Tho EhEL epar o

i | h her th
oc ;g‘griggghgr@gpgo &'éés%fgr st g%ésgo&}é%ﬁr Bahhe? 16600 AN E Ul than

hereinabove, phosphoric acid is further added.

When the compound of a Group 6 metal or the
compound of a Group 8 metal does not sufficiently dissolve
in the impregnating solution, an acid may be used, such as
nitric acid, organic acid (e.g., citric acid, malic acid,
tartaric acid, etc.)), together with that compound.
Organic acid is preferably used. When organic acid is used,
there are cases where carbon derived from the acid remains
in the catalyst obtained. It is therefore important to
regulate the composition of the impregnating solution so
that the carbon content of the catalyst is within the range
shown above.

The solvent for dissolving the components in
preparing the impregnating solution is water.

When the amount of the solvent used is too small,
the support cannot be sufficiently impregnated. When the
solvent amount is too large, a considerable proportibn of
the active metals dissolved remains adherent to the rim and

other parts of the container for the impregnating solution
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the solvent tenperature is within this range, each conponent can be
satisfactorily dissolved in the solvent. The pH of the inpregnating
solution is preferably |lower than 5. When the pH thereof is 5 or higher,
the anount of hydroxyl ions is increased and coordi nation between the
organic acid and the G oup 8 netal is weakened and thus formation of a
conplex of the Goup 8 netal is inhibited. As a result, the nunber of
desul furi zation- active sites (CoMS phase or N MbS hase% cannot be
greatly Yiifdoadsddfifgaatdggdmte oxhreesupppstt £Q FRBFe@ &t atesiinead t he

| npregnat,i ng sol ution thus prepared to thereby deposit the solute

component¥PLGHGHOR 3P SAMRG L8N OPRELNBASr gSRPECERERE Wupfdia . The

inpregnationnq?%BEe conducted under various _.conditions, However,

gener al , 8Me& eghB®i FPLY¥Mperktt udeneralidys e£f5BMYy PP ghk? tHin ‘1)2: and
15" 30BTSFREAY CGRI o SaProd S ok 7 P90 SUBRARFLS m nut bs (08
from 30 m nutes 28 10H8EE EOHE A oS ton RerBhf ar by v PAEt 85 hi oh.
degr oo oPtorass (fhy 1P bOfakRLEAN Abny Poy ol ST REE S T

| npregnakletberature higher than 0°C and 100°C or less. So long as

the solvent temperature is within +this range, each
component can be satisfactorily dissolved in the solvent.

The pH of the impregnating solution is preferably
lower than 5. When the pH thereof is 5 or higher, the
amount of hydroxyl ions is increased and coordination
between the organic acid and the Group 8 metal is weakened
and thus formation of a complex of the Group 8 metal is
inhibited. As a result, the number of desulfurization-
active sites (CoMoS phase or NiMoS phase) cannot be greatly
increased.

The inorganic oxide support is impregnated with the
impregnating solution thus prepared to thereby deposit the
solute components contained in the solution on - the
inorganic oxide support.

The impregnation may be conducted under various
conditions. However, in general, the impregnation
temperature is preferably higher than 0°C and lower than
100°C, more preferably from 10 to 50°C, and most preferably

from 15 to 30°C. The impregnation period is preferably
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After the solution inpregnation, the water contai,ned in the inpregnated
support is rempved to some degree (to LA (loss on ignition) of about 50%
or lower) at a tenperature of fromroomtenperature to about 80Cin a
nitrogen or air streamor in vacuo. Thereafter, drying is conducted in an
air or nitrogen streamor under vacuumat a tenperature of 200C or Iomer,
Preferably, the drying is conducted at a tenperature of about from80 to
200C for a period of about from 10 mnutes to 24 hours. More preferably,

[ | b f 100t 15 f but from5 to 20
hour o Wheghs 1SORIHGRES, 8 30RMlrl Ot Pé%ﬁf&ﬂf&?ﬁwe%ﬁ%g%@{ “‘Lllr?gi'!’itefooc, the
[ [ i [ h ' r m. c ex W a
metal i 26, ) nolEeh, wadt BOUEbrbaeBep1y T £rdh, 39 Flﬁ&t%%@ﬁﬁ&?ﬁpwgf due to
i Cs i Pfsd i i recl r.eqgul at e
the formation of Tra LoRe cifmmddion Yepdiuid AIFYER TAEN 2o )

in the rasylihgnomept Aodir t BLRYAE SUhET dahhP8gna e éh | hale g 51y fisdati on
yi el ds, e.g.,gcg?ég, Ni3§é, etc.G- 30 whi%ha%?% |nacti&§£pbfﬁgio% cobal t

and ni ckehevendesesuolft $hei degBbybdenuisgesdlibnde | aninated layers in a
nunber of |ess than 2.5 on the average. Nanely, the catalyst thus

obt ai ned has | owItlesis f priefetired atdi \Bidr lHoeeveixtubhen dueinlf yiche i s
conducted in vacuo, the drying is preferably conducted to satisfy the
above témpeegnatdonange in terns of pressure at 760 mrHg. The

After the solution impregnation, the water
contained in the impregnated support is removed to séme
degree (to LOI (loss on ignition) of about 50% or lower) at
a temperature of from room temperature to about 80°C in a
nitrogen or air stream or in vacuo. Thereafter, drying is
conducted in an air or nitrogen stream or under vacuum at a
temperature of 200°C or lower. Preferably, the drying is
conducted at a temperature of about from 80 to 200°C for a
period of about from 10 minutes to 24 hours. More
preferably, the drying is conducted at about from 100 to
150°C for about from 5 to 20 hours.

When the drying is conducted at a temperature
higher than 200°C, the organic acid, which is thought to be
in the form of a complex with a metal, is released from the
catalyst surface. It is presumed that due to the release
of the organic acid, it is difficult to precisely regqulate
the formation of the active sites (e.g., CoMoS phase, NiMoSs

phase, etc.) in the resulting catalyst through sulfidation,

and that the sulfidation yields, e.g., Co,S,, Ni,S,, etc.
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range of the atnosphere at the drying is 300 to 900 mmHg, preferably 700
to 850 mmHg, nore preferably 730 to 800 mmHg, and nost preferably at
“"atnospheric pressure. Wien the pressure at the drying is |lower than 300
nmHg, the boiling point becones high so that the organic acid which is in
the formof a conplex with a netal is easily released and the organic
acid, which is thought to be in the formof a conplex with a netal, is
rel eased fromthe catal yst surface. Due to the release of the organic
acid, itwhicti fafrecdliadtdveprfsime! of r€gbadt eahienfiekedt, i andofrelshd tacti ve
sites (e.g., CoMS phase, N MoS phase, etc.) in the resulting catalyst

t hrough dul fmabybhdenumn hdisulffiideat | baminaeted, layprs CoOS&l nWMnB&R, oft c.

whi ch are inactive forns of cobalt and nickel, and the catalyst thus

obt ai ned less |Whanledubf oni e oavensgevi t Wankly shtlpe ohtahgstattdivgst in
the present invention_is not particularly Ilimted, and the catal yst can
‘have anyobspipgd bas Jeupdessddurdzatiommmcdyiddtfor this kind of catal yst.
For exanple, the_catalyst can be of a.,- 31 cylindrical, trilobe, or

quadl obe shape. HREE¥PFe Whepndhecgdrying: iiss CoaccHed) R MUeat thse
di aneter s .about, from } mm an t@g | epgt h gi.a out from2 to 5 nm
The mech@h¥da0 sftJTsengQrHa%ef Q‘hﬁyca‘f%ﬁ‘ ueted, p i paei et d&ENE U ERKYE
IR SR St T - R TR O e
into a range of the atmosphere at the drying is 300 to 900 mmHg,
preferably 700 to 850 mmHg, more preferably 730 to 800 mmHg,
and most preferably at atmospheric pressure. When the
pressure at the drying is lower than 300 mmHg, the boiling
point becomes high so that the organic acid which is in the
form of a complex with a metal is easily released and the
organic acid, which is thought to be in the form of a
complex with a metal, is released from the catalyst surface.
Due to the release of the organic acid, it is difficult to
precisely regulate the formation of the active sites (e.qg.,
CoMoS phase, NiMoS phase, etc.) in the resulting catalyst
through sulfidation, the sulfidation yields, e.g., Co0,S;,
Ni,S,, etc. which are inactive.forms of cobalt and nickel,
and the catalyst thus obtained has low desulfurization
activity.

The shape of the catalyst in the present invention
is not particularly limited, and the catalyst can have any

of various shapes ordinarily employed for this kind of

catalyst. For example, the catalyst can be of a
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reactor are destroyed to cause a pressure difference within the reactor,
maki ng the continuation of hydrotreating operation inpossible. The
conpacted bul k density (CBD) of the catalyst is preferably about fromO0.6
to 1.2 (g/m). The state of distribution of the active netals in the

catal yst are preferably of the unifoermtype in which the active netals are
evenly distributed in the catal yst. The hydrotreat nent nethod of the
present invention conprises bringing a gas oil fraction containing sulfur
conponenkcy linde icalt,acir Midhe } hér cahaldisbeund@pd.he Thonslité 0of ahea
hydrogen partial pressure of about from3 to 8 MPa, a tenperature of about
from 300 clae ad3@€, imndyeneralily csichirtyaspthe débhmetty dt& about ffrom 0.3 to
5 hr' to desulfurize the gas oil fraction and thereby dimnish the sulfur
conpoundd tonammednidn thiee lgagytdi 1isf rdbouitorfneim éh ta wchade sul fur
conponents difficult to renove. The product oil obtained by the method of
the present inv@hei meadwniwale stremgthsolff theotdealyshd an- t&2ms ower
nitrogen content than those obtained by hydrotreating techniques of the
rel ated @ft.skde mrrushisiqg sthrenggdr of 8€3) nenits nprefeéreblyheabenesant

i nvention on a commercial scale, use nmay be nmade of a_reactor _having

t herei n 3dbsi/Red-Hedhigherng- Waen dgrhe f $EP drfedtedcalypbysht aBy doWedyer

conprising the catalyst of the present ipvention. Hydrotreatnent is
acconpli§%é§ that value, particles of the catalyst packed into a

reactor are destroyed to cause a pressure difference within
the reactor, making the continuation of hydrotreating
operation impossible.

The compacted bulk density (CBD) of the catalyst is
preferably about from 0.6 to 1.2 (g/ml).

The state of distribution of the active metals in
the catalyst are preferably of the uniform type in which
the active metals are evenly distributed in the catalyst.

The hydrotreatment method of the present invention
comprises bringing a gas o0il fraction containing sulfur
components into contact with the catalyst under the
conditions of a hydrogen partial pressure of about from 3
to 8 MpPa, a temperature of about from 300 to 420°C, and a
liquid hourly space velocity of about from 0.3 to 5 hr™' to
desulfurize the gas oil fraction and thereby diminish the
sulfur compounds contained in the gas o0il fraction which
include sulfur components difficult to remove.

The product o0il obtained by the method of the

present invention can have a lower sulfur content and a
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by introducing a feedstock oil into this reactor and reacting it under the
condi tions described above. In the nost common node, a fixed-bed catal yst

| ayer is disposed in a reactor and a feedstock oil is introduced- into an
upper part of the reactor and passed through the fixed bed fromthe |ower
to the upper side thereof. The product oil is discharged from an upper
part of the reactor. The nethod of the present invention nmay be a

si ngl e-stage hydrotreatnent nmethod in which a feedstock oil is treated in

a singl e 1gR% 1 thayedd cHrddedt & Hed! alhvtle YbtditedPNRsadrd@tiqly or may

be a nultistage successive hydrotreatnent nethod in"which several reactors

packed witelkhntid@edalod WHe Hel dtsrrl dra treat feedstock oil. Before being
used (i.e., prior to the hydrotreatnent nmethod of the present invention),

the catal yst of rolre prasehtingvetiie ohydyroantaatadeart bmetholdf i ofit itdre i n t he
reactor. The sulfidation treatnment is conducted with a sul fur
conpoundpreseatniimyemdaticsl eamma dicnniedcitad sohlegddse ey dieo mades df i di ng
agent, such as - 33 dinmethyl disulfide, carbon disulfide or the |ike, or
with hydr oFeacders | daviime HRRtRjdh & ndsipied-Pathwi MPElng-dfsbr atQf e of
general ly about from 200 to 400C, preferably about from 250 to 350C, and a
hydr ogen f3ardiged-hesk skyre oLadpdyskr \Layiads sEPRPELshnghéhe BRQINHSY he

sul fidati treatnent, .the catah¥§t oﬁydthe Dresen i,nvent i on f.orns

| ami nati T |E®%rgr8§eﬂﬁ|¢gﬁgﬂﬂﬁi rotreatment is accomplished

by introducing a feedstock o0il into this reactor and
reacting it under the conditions described above.

In the most common mode, a fixed-bed catalyst layer
is disposed in a reactor and a feedstock oil is introduced
into an upper part of the reactor and passed through the
fixed bed from the lower to the upper side thereof. The
product oil is discharged from an upper part of the reactor.

The method of the present invention may be a
single-~-stage hydrotreatment method in which a feedstock oil
is treated in a single reactor packed with the catalyst of
the present invention, or may be a multistage successive
hydrotreatment method in which several reactors packed with
the catalyst'are used to treat feedstock oil.

Before being used (i.e{, prior = to the
hydrotreatment method of the present invention), the
catalyst of the present invention is activated by
sulfidation in the reactor. The sulfidation treatment is
conducted with a sulfur compound-containing petroleum

distillate and, added thereto, a sulfiding agent, such as
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di sul fi de having an average |am nating |ayer nunber of from 2.5 to 5 and
an average in-plane-direction length of from1l to 3.5 nm The catal yst has
hi ghly active sites of a CoMbS phase or N MbS phase fornmed in rimedge
parts of the nolybdenumdisulfide. Exanple 1 Silica was kneaded toget her
with alum na hydrate, and the resulting m xture was extrusion-nolded and
then calcined at 600C for 2 hours to obtain a silica-alumna conposite
support in the formof cylindrical noldings having a diameter of 1/16 inch
(silical alimethywedigulfide p, catbef; disuvd fideurar ©h&§0likeg; oxpedith c
surface area, 359 nR/g; average pore dianeter, 70 A). To 20.3 g of

i on- exchawgswgean ersulfisde g éh eobdiydusgentratmoaptietel7 hgvaingphasphori c
acid (85% aqueous solution) were added, followed by heating up to 80C and
stirring Yemperatuneut e@f SEenensdty v, abouttl fusim nmdPPbddshossBdG.c aci d
was added thereto and dissolved, - 34 followed by stirring at the sane

t enper at @ fesrably mbantesfrem pbBpape 350S6) uehdn & dydugueryratteial Thi s

i npregnating solution had a pH of 0.52. ‘Into an eggpl ant type flask, 30.0
g of the REESS¥Fe QfyAndinasihREass Wi thighes nt roduced. The whol e

| mpregnating sol ugion s .added_therefo with a pipet. The support was
imersed in the < ég??ﬂeeﬁﬁill @ﬁ??%rt§eaﬁﬁgP§! the catalyst of

the present invention forms laminating layers of molybdenum
disulfide having an average laminating layer number of from
2.5 to 5 and an average in-plane-direction length of from 1
to 3.5 nm. The catalyst has highly active sites of a CoMoS
phase or NiMoS phase formed in rim-~edge parts of the

molybdenum disulfide.

Example 1

Silica was kneaded together with alumina hydrate,
and the resulting mixture was extrusion-molded and then
calcined at 600°C for 2 hours to obtain a silica-alumina
composite support in the form .of cylindrical moldings
having a diameter of 1/16 inch (silipa/alumina weight ratio,
1/99; pore volume, 0.70 ml/g; specific surface area, 359
m’/g; average pore diameter, 70 A).

To 20.3 g of ion-exchanged water, 7.48 g of
cobaltous citrate and 1.17 g of phosphoric acid (85%
aqueous solution) were added, followed by heating up to
80°C and stirring for 10 minutes. Subsequently, 11.41 g of

molybdophosphoric acid was added thereto and dissolved,
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Thereafter, the support was allowed to dry in "a .nitrogen stream and then
dried in a nuffle furnace and in an air stream at atnospheric pressure and
at 120C for about 16 hours to obtain Catal yst A Exanple 2 A powder of
zeolite SHY having an Si 2/ Al 23 nolar ratio of 6 (average particle
diameter, 3.5 m 87%of all zeolite particles was accounted for by ones
having a particle dianmeter of 6 mor snaller) was kneaded together wth
al um na hydrate. The resulting m xture was extrusion- nolded and then

cal ci ned fall 160e@ b?r s2ikeuhy bR ehldisane teaRlerbRudlFoRa 1%05{1&%%% support
in the form of I ndrical nol dings having a dianmeter of 1/16 i1nch

(zeol it etal lpnepmmelagrgoxmi@n F683impeegnuelidAe, @hé8 i mgx@ nAReGf i C
surface area, 374 n?/g average pore dianmeter, 67 A). gTo 20. 3 g of

i on- exchandadinat bed & $8 ©@fof.5@qbal t ous citrate and 1.17 g of phosphoric
acid (85% aqueous solution) wer e added, followed by heating up to 80C and
stirring for 10 Ehhat es. eSgpdamiertiype flllagk, BO®0 gobgbdaphedpieai-c acid
was added thereto and di ssolved, followed by stirring at the sane

t enper at B-EMABA 15OMPASise (Suppoaar eva® sdinttriosiudest. | npTbenatdhoie This

i mpregnating soluytion had a pH of 0.52. Into an eggplant type flask, 30.0
g of thel?ESPHPétlaguﬁpﬂﬁﬁéﬂﬁnﬁﬂﬁeﬁdﬁﬁﬁxﬁhenﬂ$plw gdac@dpefhe el e

support was immersed in the solution at about 25°C for 3
hours.

Thereafter, the support was allowed to dry in a
nitrogen stream and then dried in a muffle furnace and in
an air stream at atmospheric pressure and at 120°C for

about 16 hours to obtain Catalyst A.

Example 2
A powder of zeolite SHY having an S$i0,/Al,0, molar

ratio of 6 (average particle diameter, 3.5 pum; 87% of all
zeolite particles was accounted for by ones having a
particle diameter of 6 um or smaller) was kneaded together
with alumina hydrate. The resulting mixture was extrusion-
molded and then calcined at 600°C for 2 hours to obtain a
zeolite-alumina composite support in the form of
cylindrical moldings having a diameter of 1/16 inch
(zeolite/alumina weight ratio, 7/93; pore volume, 0.69
ml/g; specific surface area, 374 m?/g; average pore

diameter, 67 A).
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| npregnating solution was added thereto with a pipet. The support was

i mrersed in the solution at about 25C for 3 hours. Thereafter, the support
was allowed to dry in a nitrogen streamand then dried in a nuffle furnace
and in an air stream at atnospheric pressure and at 120C for about 16
hours to obtain Catalyst B. Exanple 3 To 20.2 g of ion-exchanged water,
7.91 g of cobaltous citrate and 1.12 g of phosphoric acid (85% aqueous
solution) were added, followed by heating up to 80C and stirring for 10

m nutes. Subsequéot | 20.34. g0 @fof iomplexedepiyesPhakiterdCi ¢ wes afldes thereto
and dissolved, followed by stirring at the sane tenperature for 15 m nutes

- 36 tocpbeddomsa sdtwaten dod i hplegngtiof. phvsphdmicegnaiidg (s5¥ ution
had a pH of 0.54. Into an eggplant type flask, 30.0 g of a zeolite- alumna
conposi t AAVGONS t Sk thonhs welre saddeds ifiolDoama eby 2 hemst iinef roguasd. The
whol e ingrganating solution was added thereto with a pipet. The support
was | meB8ed PRA Ehérsangt fon A0 adowtezsC Svbsedanentdy,THdr.daf terof t he

support maa allowed to dry in a nitrogen streamand then dried in a nmuffle
furnace BRAYPAOPRRsphoric: cafidt waAsnasided cthesetar eandindismsolaed f or

about 16 _hqyrs to, obtain tal yst C. Exanple 4
foqﬂowed by stlrrg%g 5% the samén%emperature for 15 minutes

to prepare a solution for impregnation. This impregnating
solution had a pH of 0.52.

Into an eggplant type flask, 30.0 g of the zeolite-
alumina composite support was introduced. The whole
impregnating solution was added thereto with a pipet. The
support was immersed in the solution at about 25°C for 3
hours.

Thereafter, the support was allowed to dry in a
nitrogen stream and then dried in a muffle furnace and in
an air stream at atmospheric pressure and at 120°C for

about 16 hours to obtain Catalyst B.

Example 3

To 20.2 g of ion-exchanged water, 7.91 g of
cobaltous citrate and 1.12 g of phosphoric acid (85%
aqueous solution) were added, followed by heating up to
80°C and stirring for 10 minutes. Subsequently, 14.50 g of
molybdophosphoric acid was added thereto and dissolved,

followed by stirring at the same temperature for 15 minutes

- 36 -



To 22.2 g of ion-exchanged water, 3.40 g of cobalt’ carbonate, 4.00 g of
citric acid nonohydrate and 1.46 g of phosphoric acid (85% aqueous
solution) were added, followed by heating up to 80C and stirring for 10

m nutes. Subsequently, 12.91 g of nol ybdophosphoric acid was added

thereto and di ssolved, followed by stirring at the sanme tenperature for 30
mnutes to prepare a solution for inpregnation. This inpregnating sol ution
had a pH of 0.53. Into an eggplant type flask, 30.0 g of a zeolite- alumna

conposi t e uppeparahacbodasibhe foaMEngsrd ghddPl e Th svasmp i dosireg. The
whol e i npregnating solution was add thereto wth a pipet. The support was
i nrer sed soluthion dwddita @H adf dh@a. 25C for 3 hours. - 37 Thereafter, the
support was allowed to dry in a nitrogen streamand then dried in a nuffle
furnace and in dmntx rastegaplant atypephdrask ,prEsurge oafid aatzdZDiG d-or

about 16 hours to obtain Catalyst D. Exanple 5 To 21.6 g of ion-exchanged
wat er, 3.20ing eompdsitessuppere, whHidh gyasf thit sameaasd inDrEdympls e, 9. 43
g of nolybdenumtrioxide and 2.09 g of phosphoric acid (85% aqueous

sol uti on)? wiBe adibrodueed onedThe hehnleg impregnagd@gansotutionngvdor 30

m nut es to(Prepare a soluytion for inpregnation. This inpregnating solution
had a pHatdes siherqte watBggpl BhPetype TheaskuPBI ) WYasf immeasked: eln al uni na
conp05|t%ﬁgu¥%¥gtfgggg:¢ﬁ§ t he same as .in Exanple

out 25°C for 3 hours.
Thereafter, the support was allowed to dry in a
nitrogen stream and then dried in a muffle furnace and in

an air stream at atmospheric pressure and ‘at 120°C for

about 16 hours to obtain Catalyst C.

Example 4

To 22.2 g of ion-exchanged water, 3.40 g of cobalt
carbonate, 4.00 g of citric acid monohydrate and 1.46 g of
phosphoric acid (85% aqueous solution) were added, followed
by heating up to 80°C and stirring for 10 minutes.
Subsequently, 12.91 g of molybdophosphoric acid was added
thereto and dissolved, followed by stirring at the same
temperature for 30 minutes to prepare a solution for
impregnation. This impregnating solution had a pH of 0.53.

Into an eggplant type flask, 30.0 g of a zeolite-
alumina composite support which was the same as in Example
2 was introduced. The whole impregnating solution was add
thereto with a pipet. The support was immersed in the

solution at about 25°C for 3 hours.
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2 was introduced. The whol e i npregnating solution-was added thereto with a
pi pet. The support was imersed in the solution at about 25C for 3 hours.
Thereafter, the support was allowed to dry in a nitrogen stream and then
dried in a muffle furnace and in an air stream at atnospheric pressure and
at 120C for about 16 hours to obtain Catalyst E. Exanple 6 To 20.0 g of

| on- exchanged water were added 7.80 g of cobaltous citrate and 2.19 g of
phosphoric acid (85% aqueous solution), followed by heating up to 80C and

- 38 StiTring f8hedartat csnSubRBANRH lyas 13136ue0lo TBLYDGPNgSPIOT <

acid was added thereto and di ssolv y stirring e sane

tenper at Hierb@enl BUHduM Gnd t OhdH CRRLEGA 150! It T OT b PREEINGREO0N Thi S
i npregnating solution had a pH of 0.51. Into an eggplant type flask, 30.0

g of a zenlidfr atiwane &BNPEOMMIsPHBYIRON breBistrewasnd hatsanposs ifdrExanpl e
2 was introduced. The whol e i npregnating solution was added thereto with a
pi pet. Thbowbppér howars itonebsedni Gatelgssobuti on at about 25C for 3 hours.
Thereafter, the support was allowed to dry in a nitrogen stream and then
dried in a muffle furnace and in an air stream at atnospheric pressure and

at 120C for about 16 hours to obtain Catalyst F. Exanple 7
Example 5

To 21.6 g of ion-exchanged water, 3.40 g of cobalt
carbonate, 4.01 g of citric acid monohydrate, 9.43 g of
molybdenum trioxide and 2.09 g of phosphoric acid (85%
aqueous solution) were added, followed by heating up to
80°C and stirring for 30 minutes to prepare a solution for
impregnation. This impregnating solution had a pH of 0.54.

Into an eggplant type flask, 30.0 g of a zeolite-
alumina composite support which was the same as in Example
2 was introduced. The whole impregnating solution was
added thereto with a pipet. The support was immersed in
the solution at about 25°C for 3 hours.

Thereafter, the support was allowed to dry in a
nitrogen stream and then dried in a muffle furnace and in
an air stream at atmospheric pressure and at 120°C for

about 16 hours to obtain Catalyst E.

Example 6
To 20.0 g of ion-exchanged water were added 7.80 g
of cobaltous citrate and 2.19 g of phosphoric acid (85%

aqueous solution), followed by heating up to 80°C and
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To 19.8 g of ion-exchanged water, 7.92 g of cobaltous citrate and 3.68 g
of phosphoric acid (85% aqueous solution) were added, followed by heating
up to 80C and stirring for 10 m nutes. Subsequently, 12.08 g of

nmol ybdophosphoric acid was added thereto and di ssol ved, followed by
stirring at the same tenperature for 15 mnutes to prepare a solution for
i npregnation. This inpregnating solution had a pH of 0.48. Into an

eggpl ant type flask, 30.0 g of a zeolite- alum na conposite support which
was the SHME®HNG n Banple - m3guteswas i Bubsdquedtl¥he i3all® i mpr exfat i ng
solution was added thereto with a pipet. The support was imersed in the
sol ut i on Blyhdanrhosphanic 3agddr swagheadsdad etheriedos upndr td vesolatddwed t o
dry in a itrogen streamand then dried in a nuffle furnace and in an air
stream atf°2't]'rﬂ%efﬁwé?}f Strgsng atarfhatsamm ¢ enperathme fior hidumsinmutesbt ai n
Catal yst G Exanple 8 A support was prepared in the same manner as in
Exanpl e £° r?h%tsaﬁu£ﬁ8805§rsGWWMQﬁ@a@G@maimﬂﬁ}ﬁxﬁmﬂreqnﬁtinﬂas used
in place of the s a. Thus, a boria- alumna conmposite support in the

form of (ﬁﬂ]jqﬂﬂrb;ﬁa{dcr?olfm rfbfs Grad ng a dianmeter of 1/16 inch was obtai ned
(bor ol ALt 12 el 4 S TARE L B00S VO™ o) g "h T SRS
alumina composite support which was thé same as in Example
2 was introduced. The whole impregnating solution was
added thereto with a pipet. The support was immersed in
the solution at about 25°C for 3 hours.
Thereafter, the support was allowed to dry in a
nitrogen stream and then dried in a muffle furnace and in
an air stream at atmospheric pressure and at 120°C for

about 16 hours to obtain Catalyst F.

Example 7

To 19.8 g of ion-exchanged water, 7.92 g of
cobaltous citrate and 3.68 g of phosphoric acid (85%
aqueous solution) were added, followed by heating up to
80°C and stirring for 10 minutes. Subsequently, 12.08 g of
molybdophosphoric acid was added thereto and dissolved,
followed by stirring at the same temperature for 15 minutes
to prepare a solution for impregnation. This impregnating
solution had a pH of 0.48.

Into an eggplant type flask, 30.0 g of a zeolite-

alumina composite support which was the same as in Example
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To this conposite support, . the whole of an inpregnating solution which
was the sane as in Exanple 1 was added with a pipet. The support was
imrersed in the solution at about 25C for 3 hours. Thereafter, the support
was allowed to dry in a nitrogen streamand then dried in a nuffle furnace
and in an air stream at atnospheric pressure and at 120C for about 16
hours to obtain Catalyst H - 40 Exanple 9 A powder of zeolite SHY having
an S' 02/ A128 nmolar ratio of 6 (average particle dianeter, 3.5 m 87% of

all  zeopi teagpanhitgbanceds acenentgrofer Q&bf&lﬁaéﬁ’# NGoButhdht | 48
dianeter of 6 mor smaller) was kneaded together w11h alum na hydrate. The

resul ti ngddedt thereas exiyhisaopipesl dedrtandstpgbr€akiisnetmdrKAPC Hor 2
hours to obtain a zeolite-alum na conposite support in the form of
cylindrithe soldtios atvabgut 25Wreier Ddfhdldd. i nch  (zeolite/al um na

wei ght ratio, 5/95;, pore volunme, 0.81. mn/g; specific surface area, 383
n2/ g; average pdtkerepfirerer thel $Yppdiot 28a% gablowed- eochdngednwaser ,
10.26 g of «cobaltous citrate and 2.24 g of phosphoric acid (85% aqueous
sol uti onfrEPeerdatgcamopnenedhesy dieikrd ngnup nuffd@C funhaste randgifor 10

m nut es. _Subsequently, 17.61 of . mml ybdophosphoric acid was added thereto
and di ss3tvédr ?Bf?%%oa‘byaé‘gplsi’ihﬁﬁlﬁt PFReSSuRe taherkt kA0 Corfas ni nutes

about 16 hours to obtain Catalyst G.
L

Example 8

A support was prepared in the same manner as in
Example 1, except that an agueous solution containing boric
acid was used in place of the silica. Thus, a boria-
alumina composite support in the form of cylindrical
moldings having a diameter of 1/16 inch was obtained
(boria/alumina weight ratio, 2/98; pore volume, 0.71 ml/g;
specific surface area, 363 m’/g; average pore diameter, 72
Ry.

To this composite support, @the whole of an
impregnating solution which was the same as in Example 1
was added with a pipet. The support was immersed in the
solution at about 25°C for 3 hours.

Thereafter, the support was allowed to dry in a
nitrogen stream and then dried in a muffle furnace and in
an air stream at atmospheric pressure and at 120°C for

about 16 hours to obtain Catalyst H.
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to prepare a solution for inpregnation. This inpregnating solution had a
pH of 0.51. Into an eggplant type flask, 30.0 g of the zeolite- alum na
conposite support was introduced. The whol e inpregnating solution was
added thereto with a pipet. The support was i mersed in the solution at
about 25C for 3 hours. - 41 Thereafter, the support was allowed to dry in
a nitrogen streamand then dried in a nuffle furnace and in an air stream
at atnnsgheric pressure and at 120C for about 16 hours to obtain Catal yst
| . ConpafXfPRéeERanple 1 In 21.6 g of ion-exchanged water, 3.31 g of cobalt
carbonate, 11.41 g of nolybdophosphoric acid and 1.17 g of orthophosphoric
aci d were di ssol¥eBOVERYs 0% 29PLitenSHYr havimae gimt Ségz&%}&oprmséﬁﬁd. | nto

an eggplanf.ty flask, 30.0 of ,a_y-alum na support (pore volune, 0.69
m/g:; spﬁé%%?cgguﬁféﬁy%ﬁ%gﬁ g@ﬁtl gd1gperege gode Whiakterof6ald) was

i pet . RRL o hES PP aed TRl didton B 06 PSELRBr a1 hour.

Ihereaf L Bhro 1A% SHERREL ofBAIS UL gl I Aol KEOGERASHEERhor

Egﬁf:u:§w§9H 8iuh?RE h9Ara@ROUt e NRYLL1 AL gtﬂfgtggécagsde§%rggggﬁior 4
molded and then calcined at 600°C for 2 hours to obtain a
zeolite-alumina composite support in the form of
cylindrical moldings having a diameter of 1/16 inch
(zeolite/alumina weight ratio, 5/95; pore volume, 0.81
nml/g; specific surface area, 383 m’/g; average pore
diameter, 81 R).

To 23.5 g of ion-exchanged water, 10.26 g of
cobaltous citrate and 2.24 g of phosphoric acid (85%
aqueous solution) were added, followed by heating up to
80°C and stirring for 10 minutes. Subsequently, 17.61 g of
molybdophosphoric acid was added thereto and dissolved,
followed by stirring at the same temperature for 15 minutes
to prepare a solution for impregnation. This impregnating
solution had a pH of 0.51.

Into an eggplant type flask, 30.0 g of the zeolite-
alumina composite support was introduced. The whole
impregnating solution was added thereto with a pipet. The
support was immersed in the solution at about 25°C for 3

hours.
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obtain Catalyst a. Conparative Exanple 2 To 20.2 g of
cobaltous citrate and 1.17 g of phosphoric acid (85% aqueous
foll owed by heating up to - 42 80C and stirring for

7.45 g of

sol ution) were added,
10 m nutes.

Subsequently, 11.41 g of nol ybdophosphoric acid was added

thereto and dissolved, followed by stirring at the sane tenperature for
mnutes to prepare a solution for inpregnation. Into an eggpl ant type

flask, 30.0 g of a zeolite- alum na conposite support which was the sane as
i n Exanpl e
thereto with a pipet. The support was inmrersed in the solution at about
25C for 3Feaen Hiwrean tand thensdppedt iwnsa ahhHfibel Fardayei mnd i trogen
stream subsequently dried in a nuffle furnace and in an air stream at
at nosphe@ PtEssifFkeathdast apmespheriaberessureur andndatt hdd08al diaxred at

500C for 4 hours to

i on-exch

nonohydr at e,

2 waShexeadderqd. tHde suipporti npaegrdilongdsotat idyy was aadded

gours o ebymidoKatalysdr donate, 6.14 g of citric acid

6.41 g of nolybdenumtrioxide and 2.77 g of phosphoric acid

i on- exchanged wat er,

15

obtain_Catal yst b. Conparative Exanple 3 To 30.0 g of

(85% aqueous solution) were added thereto, followed by heating up to 80C

and stirE

O

g@ far .30 o nut S Ho prepare a solution for inpregnation. This

i npregnatin %§ﬁqﬁﬁeo *FOR

In 21.6 g of ion-exchanged water, 3.31 g of cobalt

carbonate, 11.41 g of molybdophosphoric acid and 1.17 g of

orthophosphoric acid were dissolved. Thus, a solution for

impregnation was prepared.

Into an eggplant type flask, 30.0 g of a y-alumina

support (pore volume, 0.69 ml/g; specific surface area, 364

m’/g; average pore diameter, 64 i) was introduced. The

whole impregnating solution was added thereto with a pipet.

The support was immersed in the solution at about 25°C for

1 hour.

Thereafter, the support was allowed to dry in a

nitrogen stream, subsequently dried in a muffle furnace and

in an air stream at atmospheric pressure and at 120°C for

about 1 hour, and then calcined at 500°C for 4 hours to

obtain Catalyst a.

Comparative Example 2

To 20.2 g of ion-exchanged water, 7.45 g of

cobaltous citrate and 1.17 g of phosphoric acid (85%

aqueous solution) were added, followed by heating up to
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a pH of 0.82. Into an eggplant type flask, 30.0 g’of a y-alum na support
(pore volune, 0.61 nm/g; specific surface area, 240 nR/g; average pore
dianeter, 72 A) was introduced. The - 43 whole inpregnating solution was
added thereto with a pipet. The support was i Mmersed in the solution at
about 25C for 1 hour. At that time, the excess inpregnating solution

remai ned in the eggplant type flask without infiltrating into pores of the
support. Thereafter, the support was allowed to dry in a nitrogen stream
and t hen8@t¢ exhd nstairmirid efdmir hdceinntdesn SubsequeritEam Al. &l ngspheric
pressure and at 120C for about 16 hours to obtain Catalyst c. Conparative
Exanpl e moX¥pbdopRogphdrion-asndichawged added, thed®:tp ondcoBibsolved,trate
and 5.76 _g_of phosphoric acid (85% aqueous solution) were added, followed
by heati fgllpwed bBoTtiREiRg| 2t hhef 8ameoteainperaturguberqlibnmiputes. 64 g of
nmol ybdophosphoric acid was, added thereto and di ssol ved, followed by
stirringtQtPFRBAEENR FRAPEREQR uFRTf HPPICIRARLPRs to prepare a sol ution for

| npregnation. This ingre natin% solution had a pH of 0.46. Into an
eggpl ant type fIER% 3B. §IGPILDL FoRS tElaskundRal cOmidsi? e28BpdBPT whi ch

Sol ut1 oS Wt Ra (HERPP REFE: 5URPER ta VBHGB: Wor NN St RnfBPBRYE  n
2 was introduced. The whole impregnating solution was
added thereto with a pipet. The support was immersed in
the solution at about 25°C for 3 hours.

Thereafter, the support was allowed to dry in a
nitrogen stream, subsequently dried in a muffle furnace and
in an air stream at atmospheric pressure and at 120°C for
about 1 hour, and then calcined at 500°C for 4 hours to

obtain Catalyst b.

Comparative Example 3

To 30.0 g of ion-exchanged water, 2.61 g of cobalt
carbonate, 6.14 g of citric acid monohydrate, 6.41 g of
molybdenum trioxide and 2.77 g of phosphoric acid (85%
aqueous solution) were added thereto, followed by heating
up to 80°C and stirring for 30 minutes to prepare a
solution for impregnation. This impregnating solution had
a pH of 0.82.

Into an eggplant type flask, 30.0 g of a y-alumina
support (pore volume, 0.61 ml/g; specific surface area, 240

m?’/g; average pore diameter, 72 ﬁ) was introduced. The
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the solution at about 25C for 3 hours. Thereafter, the support was all owed
to dry in a nitrogen streamand then dried in a nuffle furnace and in - 44
an air stream at atnospheric pressure and at 120C for about 16 hours to
obtain Catal yst d. Conparative Exanple 5 To 22.6 g of ion-exchanged water,
3.31 g of cobalt carbonate and 1.17 g of phosphoric acid (85% aqgueous

sol ution) were added, followed by heating up to 80C and stirring for 10

m nut es. Subsequently, 11.41 g of nolybdophosphoric acid was added thereto

and di ssaheode, inprelgnatdnly selutiongwals HddedathelretBedlth’ @ pipet? M nutes
to prepare a solution for inpregnation. This inpregnating solution had a

pH of 0. 5he Isuppoat egepliamiertsgre ihaske 861Gtgonf ag adwRIt 20000 tferal um na
conposite support which was the sane as in Exanple 2 was introduced. The

whol e i nmpr dymaet i ng A$ol titaon tiwes atlled exvesst oimpitdgmatplpgt sollnd iswppor t
was immersed in the solution at about 25C for 3 hours. Thereafter, the
support wemadnedweih t bher yedgplantni typgerf lsiske and einout ham fdlitedtiimga nuffl e
furnace and in an air stream at atnospheric pressure and at 120C for
about 161R&@r PoresobfatheCsupbpst.e. Conparative Exanple 6 To 20.5 g of
| on- exchanged water, 7.27 g of cobaltous citrate was added, followed by
heating up to gothereafter, the support was allowed to dry in a
nitrogen stream and then dried in a muffle furnace and in
an air stream at atmospheric pressure and at 120°C for

about 16 hours to obtain Catalyst c.

Comparative Example 4

To 19.3 g of ion-exchanged water, 8.28 g of
cobaltous citrate and 5.76 g of phosphoric acid (85%
aqueous solution) were added, féllowed by heating up to
80°C and stirring for 10 minutes. Subsequently, 12.64 g of
molybdophosphoric acid was added thereto and dissolved,
followed by stirring at the same temperature for 15 minutes
to prepare a solution for impregnation. This impregnating
solution had a pH of 0.46.

Into an eggplant type flask, 30.0 g of a zeolite-
alumina composite support which was the same as in Example
2 was introduced. The whole impregnating solution was
added thereto with a pipet. The support was immersed in
the solution at about 25°C for 3 hours.

Thereafter, the support was allowed to dry in a

nitrogen stream and then dried in a muffle furnace and in
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and stirring for 10 m nutes. Subsequently, 11.10 g of - 45

nol ybdophosphoric acid was added thereto and di ssolved, followed by
stirring at the same tenperature for 15 mnutes to prepare a solution for

i npregnation. This inpregnating solution had a pH of 0.78. Into an

eggpl ant type flask, 30.0 g of a zeolite- alum na conposite support which
was the sane as in Exanple 2 was introduced. The whol e i npregnating
"solution was added thereto with a pipet. The support was imrersed in the

sol utionaat hwoult2e@nf 04t 3 NMYsHhekI ea&&sgur&pﬁ&wpa@r 13§ akppwed to

dry in a nitrogen streamand then dried in a nu e furnace and In an air
stream atbatfiniphhbugsptesepvtaiandashl$8@Cdfor about 16 hours to obtain
Catalyst f. The catalysts obtained in anpl es and Conparative Exanples
descri bed above were subjected to el emental analysis and property

exam nations. The found values obtained are shown in Table 1. The nethods
and anal Gemparataver BwempdeuSed for the catalyst anal yses are shown bel ow.
1. Analysis for Physical Properties * Specific surface area was neasured by
the BET nethod, T@hPénbi § B4sd@noexahangpsh watsurptd ahl Asof apbadgen
adsorption aratus was_used a surface area-measuring apparatus (Belsorp
28) nanu?afgggﬁﬁe b3 Bel } - Jhph &F pPhosphoric acid (85% aqueous

solution) were added, followed by heating up to 80°C and
stirring for 10 minutes. Subsequently, 11.41 g of
molybdophosphoric acid was added thereto and dissolved,
followed by stirring at the same temperature for 15 minutes
to prepare a solution for impregnation. This impregnating
solution had a pH of 0.54.

Into an eggplant type flask, 30.0 g of a same
zeolite-alumina composite support which was the same as in
Example 2 was introduced. The whole impregnating solution
was added thereto with a pipet. The support was immersed
in the solution at about 25°C for 3 hours.

Thereafter, the support was allowed to dry in a
nitrogen stream and then dried in a muffle furnace and in
an air stream at atmospheric pressure and at 120°C for

about 16 hours to obtain Catalyst e.

Comparative Example 6
To 20.5 g of ion-exchanged water, 7.27 g of
cobaltous citrate was added, followed by heating up to 80°C

and stirring for 10 minutes. Subsequently, 11.10 g of
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- 46 * Pore volune, average pore dianeter, and pore size distribution
were determ ned by the nmercury penetration nethod. As an apparatus for
mercury penetration was used a porosinmeter (M CROVERI TI CSAUTO PORE 9200;
manuf actured by Shinmadzu Corp.). Measurenent was nmade after the sanple was
heated at 400C for 1 hour under vacuumto renove volatiles therefrom *
The nunber of nol ybdenum di sulfide |amnating | ayers was determned with a
transm ssion el ectron mcroscope (TEM (trade name "JEM 2010" nanufact ured

by JEOL matlybddphasphdmid oecid meaweradded Atbiraltyst anas Radead,ddf o a
flowthrough type reaction tube. The catal yst packed was held at room

t enper at liowed iyt redgierristy esmther same dmserftkd or 99 ndHididy gas
was replaced with a m xture of H2S (5 vol % and H2. The catal yst was
heat ed aftca prgrand & SphihionAfoer itiperegaiaaliysi. t anier ampredgreadhay 400C,
the catalyst was held for 1 hour and then cooled to 200C in that
at mospheS®lugdiege diashtad pH tafe Os78r.oundi ng gas was replaced with nitrogen
and the catal yst was cooled to room tenperature to conplete sulfidation.
2) The catal yst £R%® AN redewlant pypecfilask,wiith Ging afate zewlidre- - 47
3) A small gprtion of the catalyst pulverized was

alumina composite support which was the same as in Example

2 was introduced. The whole impregnating ‘solution was

added thereto with a pipet. The support was immersed in

the solution at about 25°C for 3 hours.

Thereafter, the support was allowed to dry in a

nitrogen stream and then dried in a muffle furnace and in

an air stream at atmospheric pressure and at 120°C for

about 16 hours to obtain Catalyst f.

The catalysts obtained in Examples and Comparative

Examples described above were subjected to elemental

analysis and property examinations. The found values

obtained are shown in Table 1.

The methods and analytical instruments used for the

catalyst analyses are shown below.

1. Analysis for Physical Properties
* Specific surface area was measured by the BET
method, which is based on nitrogen adsorption.

As a nitrogen adsorptioh apparatus was used a
surface area-measuring apparatus (Belsorp 28) manufactured

by Bell Japan Corp.).
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di spersed in acetone. 4) The resulting suspension .was dropped onto a
mcrogrid and dried at roomtenperature to obtain a sanple. 5) The sanple
was set on the exam nation part of the TEM and exam ned at an accel erati ng
vol tage of 200 kV. The direct magnification was 200, 000 di aneters, and
five fields of view were exam ned. 6) Each phot ograph was enl arged so as
to result in a magnification of 2,000,000 dianmeters (size: 16.8 cmx 16.8
cn). The nunber of the nol ybdenum di sulfide |amnated |ayers visually
recogni zed on the photograph was counted and the in-plane-direction |ength
of the layers was neasured. 2. Analysis of Catalyst for Carbon Content

A
carbon cent ent mpgrgew%m@ﬁgujgké{?g%.gégfcug ﬂgyéyﬁfQQ#S ép@n%gg%tured by

Yanagi not o Sei sakusho). The "net ysSi's I's ag

catal yst distpeBHen o Wréhe AHAGAE 18 t B £RS W%ﬁﬂe‘&’i‘%ﬁ%ﬁ}hg "0

Is placed on a platinumboat, which is put I'n a burni'ng-oven

cat al ystmeghodlci ned at 950C. (4) The conbustion gas generated is
introduced into a differential thermal-conductivity neter to determ ne the
anount of car bonAsoahaiappératusheoratmdniry -pdletrétion was used a

porosimeter (MICROMERITICSAUTO-PORE 9200; manufactured by
Shimadzu Corp.).
Measurement was made after the sample was heated at

400°C for 1 hour under vacuum to remove volatiles therefrom.

* The number of molybdenum disulfide laminating
layers was determined with a transmission electron
microscope (TEM) (trade name "JEM-2010" manufactured by
JEOL Ltd.) in the following manner.

1) A catalyst was packed into a flow-through type
reaction tube. The catalyst packed was held at room
temperature in a nitrogen stream for 5 minutes, and the
surrounding gas was replaced with a mixture of H,S (5 vol%)
and H,. The catalyst was heated at a rate of 5 °C/min.
After the catalyst temperature reached 400°C, the catalyst
was held for 1 hour and then cooled to 200°C in thét
atmosphere. Subsequently, the surrounding gas was replaced
with nitrogen and the catalyst was cooled to room
temperature to complete sulfidation.

2) The catalyst thus sulfided was pulverized with an

agate mortar.
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3) A small portion of the catalyst pulverized was

dispersed in acetone.

4) The resulting suspension was dropped onto

microgrid and dried at room temperature to obtain a sample.
5) The sample was set on the examination part of the
TEM and examined at an accelerating voltage of 200 kV. The

direct magnification was 200,000 diameters, and five fields

of view were examined.

6) Each photograph was enlarged so as to result in a
magnification of 2,000,000 diameters (size: 16.8 cm x 16.8
cm). The number of the molybdenum disulfide laminated
layers visually recognized on the photograph was counted

and the in-plane-direction length of the layers was

measured.

2. Analysis of Catalyst for Carbon Content

A carbon content was determined with Yanako CHN

Corder MT-5 (manufactured by Yanagimoto Seisakusho).
The method of analysis is as follows.
(1) A catalyst is powdered with an agate mortar.
(2) The powdered catalyst (7 mg) is placed on
platinum boat, which is put in a burning oven.

(3) The catalyst is calcined at 950°C.

(4) The combustion gas generated is introduced into a

differential thermal-conductivity meter to determine the

amount of carbon contained in the catalyst.
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Hydrotreating Reaction of Straight-Run Gas Oil:

Using catalysts A to I and a to f prepared in the
Examples and Comparative Examples given above, a straight-
run gas o0il having the properties shown below was
hydrotreated according to the following procedure.

First, the catalyst was packed into a high-pressure
flow-through type reactor to form a fixed-bed catalyst
layer. This catalyst was pretreated under the following
conditions.

Subsequently, a ‘fluid mixture which consisted of
the feedstock o0il and a hydrogen-containing gas and had
been heated to the reaction temperature was introduced
through an wupper part of the reactor to allow a
hydrotreating reaction to proceed under the following
conditions. A fluid mixture of a product oil and gases was
discharged through a lower part of the reactor, and the

product oil was separated with a gas/liquid separator.

Sulfidation of Catalyst:
Each catalyst was subjected to liquid sulfidation
with the feedstock oil.
Pressure (hydrogen partial pressure): 4.9 MPa
Atmosphere:
Hydrogen and the feedstock o0il (liquid hourly
space velocity, 1.5 hr™'; hydrogen/oil ratio,

200 m’ (normal)/kl)
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Temperature:
Introduction of hydrogen and the feedstock
oil at about 22°C, heating at a rate of 20
°C/hr, holding at 300°C for 24 hr, and
subsequent heating to the reaction
temperature, i.e., 350°C, at a rate of 20

°c/hr

Hydrotreating Reaction Conditions:
Reaction temperature: 350°C
Pressure (hydrogen partial pressure): 4.9 MPa
Liquid hourly space velocity: 1.5 hr*

Hydrogen/oil ratio: 200 m® (normal)/kl

Propertiés of Feedstock 0il:

Kind of oil:
straight-run gas oil from Middle East crude

Density (15/4°C): 0.8609

Distillation characteristics:
Initial distillation point of 211.5°C, 50%
point of 314.0°C, 90% point of 365.0°C, end
point of 383.5°C

Sulfur content: 1.37 wt%

Nitrogen content: 210 wt ppm

Dynamic viscosity (@ 30°C): 6.570 cSt

Pour point: 5.0°C
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Hydrotreati ng Reaction of Straight-Run Gas O l: Using catalysts Ato | and
atof prepared in the Exanples and Conparative Exanples given above, a
straight- run gas oil having the properties shown bel ow was hydrotreated
according to the foll owi ng procedure. First, the catal yst was packed into a
hi gh-pressure flowthrough type reactor to forma fixed-bed catal yst
| ayer. This catalyst was pretreated under the following conditions.
Subsequently, a fluid m xture which consisted of the feedstock oil and a
hydrogen-containbmgugaﬁogﬂg,hgqoocbeen heated to the reaction tenperature
was introduced through an upper part of the reactor to allow a
hydrotreating reaetnag Ladexeceedsunder the following conditions. A fluid
m xture of a product oil and gases was discharged through a | ower part of
the reactor, andsafgbolprodiliok:olllwas separated with a gas/liquid
separator. Sulfidation of Catalyst: Each catal yst was subjected to |liquid
sulfidation wth the feedstock oil. Pressure (hydrogen partial pressure):
4.9 MPa Atnosphere: Hydrogen and the feedstock oil (liquid hourly space
velocity, 1.5 hrThe megndden/of | thet ireact2h n@efrorard]yded by5&he
Tenperature:;

following method.

The reactor was operated at 350°C. Six days
thereafter, the product oil was sampled and analyzed for

properties. The results obtained are shown in Table 4.

l. Degree of Desulfurization (HDS) (%)

| The proportion of sulfur compounds which have
disappeared from the feedstock o0il through conversion to
hydrogen sulfide by desulfurization reaction is defined as
the degree of desulfurization. The degree of
desulfurization was calculated from the analytical values
of sulfur content for the feedstock oil and product oil

using the following equation.

2. Desulfurization Reaction Rate Constant (Ks):

The rate constant of a rate equation which gives
the 1.3rd order of reaction with respect to decrease in the
sulfur content of the product oil (Sp) is taken as the
desulfurization reaction rate constant (Ks).

Also, the higher the reaction rate constant, the

more excellent the catalytic activity.
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I ntroduction of hydrogen and the feedstock oil at' about 22C, heating at a
rate of 20 C/ hr, holding at 300C for 24 hr, and subsequent heating to the
reaction tenperature, i.e., 350C, at a rate of 20 C/ hr Hydrotreating
Reaction Conditions: Reaction tenperature: 350C Pressure (hydrogen parti al
pressure): 4.9 MPa Liquid hourly space velocity: 1.5 hr-' Hydrogen/oil
ratio: 200 nB8 (normal)/kl Properties of Feedstock O1l: Kind of oil
straight-run gas oil from Mddl e East crude Density (15/4C): 0.8609
Distillation characteristics: Initial distillation point of 211.5C, 50%
poi nt of 314.0C, 90% point of 365.0C, end point of 383.5C Sulfur content:
1.37 wt % NitrogePegrer cof :dexnl fur pat ymant £ ¥i COB4Sy) (@ B0K)106. 570 cSt
Pour point: 5.0C - 51 Coud point: 6.0C Cetane index: 54.5 Saybolt
color: -11

Desulfurization reaction rate constant

= [1/(Sp)'**-1/(S£)**'] x (LHSV)

wherein Sf: sulfur content in feedstock oil (wt%)
Sp: sulfur content in product oil (wt%)
LHSV: liquid hourly space velocity (hr™)

Specific activity (%)

= ((each desulfurization reaction rate constant)/
(desulfurization reaction rate constant of
comparative Catalyst a)) x 100
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The results
react or was

of the reaction were anal yzed by the
operated at 350C. Six days thereafter, the product oil was
sanpl ed and anal yzed for properties. The results obtained are shown in
Table 4. 1. Degree of Desul furization (HDS) (% The proportion of sulfur
conpounds whi ch have disappeared fromthe feedstock oil through conversion
to hydrogen sulfide by desulfurization reaction is defined as the degree
of desul furization. The degree of Tdbaglburlzatlon was calculated fron1the

foll owi ng nethod. The

anal yti ¢at—valueg—of —sulfur—gont et or—the—feedst grt—and—product oi |
using the fol |l owilng equati on. 8%a¢ U@HI*%@PeEPtBﬁeﬂegéplﬁn Rat e _Constlant
(K)g Th f t St fof t t t hei theigesh or|d f
s): Batali§sednst il fafr a nate ation ves tr orjder of

reacti oh with §respec¢omﬂeme0rease ﬁ%g g B; gt tent okohkengroduct oi
(Sp) is|taken as th3wtd@@mnfurizﬁ?P8ﬁaP actloﬁ att“¥onpt apit (ggm) Al so,
t he hi gher the teaction_gate gonst The %f CEIIVHI t catatytic
activity—-"52 Uegrpp desudl fur ;%%(wn [ Sf) 100
Desul fufi zatBon rleacti od7rat e |cons2ta2 = | L/(Sp)lB?S 1 1 (Sf)lB 1) X (LHSV)
wher ei n[SfTSulrftuar contggt M|t ee ol @ U|Tur fontemt in
product [oil w9 LHSV " |iquild-h 1% spage \/PI (%5 T)L (hr'')

D 40 21.62 198 1

E 39 21.84 200 1

F 44 20.92 192 1

G 96 15.62 143 2

H 56 19.14 175 6

I 18 28.75 263 0

a 232 10.92 100 53

b 138 13.54 124 34

o] 262 10.36 95 67

d 211 11.36 104 3

e 311 9.62 88 50

£ 166 12.56 115 7

As is apparent from Table 2, ultra-deep

desulfurization to a sulfur content of 100 weight ppm or
below can be easily attained with Catalysts A to I produced
by the process of the present invention.

Fig. 1 shows a transmission electron micrograph of

catalyst B. The black fringes in Fig. 1 indicate layers of

molybdenum disulfide.

Hydrotreating Reaction of Vacuum Distillation Gas Oil:
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Specific activity (% ((each desulfurization reaction rate constant)/
(desul furization reaction rate constant of conparative Catalyst a)) x 100
Tabl e 2 Reaction tenperature, 350C Sulfur Rate Specific N trogen

Cat al yst content constantactivitycontent (wt ppm)(w ppm) A6518.1216613
B4720. 421872 C4820. 201852 D4021. 621981 E3921. 842001 F4420.921921

(P615. 621432 H5619. 141756 11828. 752630 a23210. 9210053 b13813. 5412434
€26210. 369567 d21111. 361043 e3119. 628850

Using Catalysts A and a prepared in Example 1 and
Comparative Example 1, respectively, a vacuum distillation
gas oil having the properties shown below was hydrotreated
according to the following procedure.

First, the catalyst was packed into a high-pressure
flow—thrqugh type reactor to form a fixed-bed catalyst
layer. The catalyst was pretreated under the following
conditions.

Subsequently, a fluid mixture which consisted of
the feedstock o0il and a hydrogen-containing gas and had
been heated to the reaction temperature was introduced

'through an upper part of the reactor to allow hydrotreating
reactions including desulfurization reaction and cracking
reaction to proceed under the following conditions (The
reactor was operated first in the desulfurization mode and
then in the mild hydrocracking mode). A fluid mixture of a
product oil and gases was discharged through a lower part
of the reactor, and the product oil was separated with a

gas/liquid separator.

Catalyst pretreatment conditions:
Pressure (hydrogen partial pressure): 4.9 MPa
Sulfiding agent:
The feedstock o0il used in the "Hydrotreating

reaction of straight-run gas o0il" described
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f16612. 561157 As is apparent from Table 2, ultra-deep desulfurization to a
sul fur content of 100 wei ght ppmor below can be easily attained with
Catalysts Ato | produced by the process of the present invention. Fig. 1
shows a transm ssion el ectron mcrograph of catalyst B. The black fringes
in Fig. 1 indicate layers of nolybdenum disulfide. Hydrotreating Reaction
of VacuumDistillation Gas Gl: - 54 Using Catalysts A and a prepared in
Exanple 1 and Conparative Exanple 1, respectively, a vacuumdistillation

gas oil having the propbdves(sthaighislnm vegss hyT of ¥emtrertid Be amgh ng to
the follow ng procedure. First, the catal yst was packed into a

hi gh-pressure flowthreamgte)ype reactor to forma fixed-bed catal yst

| ayer. The catal yst was pretreated under the following conditions.
Subsequent |y, a flempermbtdxee which consisted of the feedstock oil and a
hydr ogen- cont ai ni ng gas and had been heated to the reaction tenperature
was introduced througlftapwigsehgetringfcdriei stehog asf th, RlHmhdldlimeg r eat i ng
reactions including desulfurization reaction and cracking reaction to
proceed under the fol | &t RPEEnantd snbsefuentr d&cthor hnddiogerated first in
the desul furization node and then in the mld hydrocracking node). A fluid
m xture of a product 330°gndhgasdagngatei,s@Bargétrdhrough a | ower part

Conditions for desulfurization reaction (desulfurization
operation mode):
Reaction temperature: 360°C
Pressure (hydrogen partial pressure): 4.9 MPa
Liquid hourly space velocity: 0.66 hr™

Hydrogen/oil ratio: 560 m’ (normal)/kl

Conditions for cracking reaction (mild cracking operation
mode) :
Reaction temperature: 400°C
Pressure (hydrogen partial pressure): 4.9 MPa
Liquid hourly space velocity: 0.66 hr™

Hydrogen/oil ratio: 560 m® (normal)/kl

Properties of feedstock oil:
Kind of oil:
vacuum distillation gas oil from Arabian
Light

Specific gravity (15/4°C): 0.9185
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of the reactor, and the product oil was separated with a gas/liquid
separator. Catalyst pretreatnent conditions: Pressure (hydrogen parti al
pressure): 4.9 MPa Sulfiding agent: The feedstock oil used in the
"Hydrotreating reaction of straight-run gas oil" described - 55 above
(straight-run gas oil fromMddl e East crude) Tenperature: Stepw se
heating consisting of 1.5 hr holding at 290C and subsequent 15 hr hol di ng
at 320C (heating rate, 25 C hr) Conditions for desul furization reaction

(desul furi zati on Diepdnalatdporulradieadidwicd:enper at ure: 360C Pressure
(hydrogen partial pressure): 4.9 MPa Liquid hourly space velocity: 0.66

hr'' Hydrogen/oil ratiIoit3&l @8 sitiqlemliorkpdGandidf @19 .fosc, ceogki ng
reaction (mld cracking operation node): Reaction tenperature: 400C
Pressure (hydrogen par Podintprods duiSe)0°C4. 90kPRoibtqoiEd5ROUOPY, serade
velocity: 0.66 hr-' Hydrogen/oil ragio: 560 nB (normal)/kl Properties of
f eedst ock oil: point of 566.0°C :

Sulfur content: 2.45 wt$%

Nitrogen content: 0.065 wt$%

Pour point: 35°C

Asphaltene: <100 ppm

Aniline point: 82°C

Desulfurization activity was measured by the
following method. |

The reactor was operated at 360°C. At the time
when 5 days had passed, the product o0il was sampled and
analyzed for properties (degree of desulfurization (HDS)
(%), desulfurization reaction rate (Ks), and specific
activity (%)) in the same manners as in the "Hydrotreating
reaction of straight-run gas o0il" described above.

Cracking activity was analyzed by the following
method.

After completion of the evaluation of
desulfurization activity, the reaction temperature was
elevated to 400°C and the reactor was operated at this
temperature. At the time when 3 days had passed, the
product oil was sampled and analyzed for properties. The

results obtained are shown in Table 3.
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Kind of oil: vacuumdistillation gas oil from Arabian Light Specific
gravity (15/4C): 0.9185 - 56 Distillation characteristics: Initial
distillation point of 349.0C 50% point of 449.0C, 90% point of 529.0C,
end point of 566.0C Sulfur content: 2.45 wt% N trogen content: 0.065 w %
Pour point: 35C Asphaltene: <100 ppm Aniline point: 82C Desul furization
activity was neasured by the follow ng nethod. The reactor was operated at
360C. At the time when 5 days had passed, the product oil was sanpled and
anal yzed for properties (degree of desul furization (HDS) (9%,
desul furi zation reaction rate (Ks), and specific activity (%) in the sanme
manner s as. i Peghee "¢f deoaclkebngngHYCpact)on of straight-run gas oil"

descri bed above. Cracking activity was anal yzed by the foll ow ng nethod.
After conpl etion TWiet degeeal vafi divdfocmadulrfqir Epat i ine actataliyst t he
reaction tenperature was- elevated to 400C and the reactor was operated at
this shown in terms of the proportion of the fractions of 343°C

and lower in all fractions of the product oil which are
obtained by gas chromatography distillation in accordance
with ASTM D2887. The higher the cracking activity of the
catalyst, the higher the proportion of the gas oil

fractions of 343°C or lower.

2. Cracking reaction rate constant (Kc)

The rate constant of a rate equation which gives
the first order of reaction with respect to the degree of
cracking is taken as the cracking reaction rate constant
(Kc).

The higher the reaction rate constant, the more

excellent the catalytic activity.

Degree of cracking (%)
= [ (amount of fractions of 343°C
and lower in product oil)
/(amount of all fractions of product oil)] x 100

Cracking reaction rate constant
= - (LHSV)'1n[(1-(degree of cracking))/100]
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tenperature. At the tinme when 3 days had passed, t'he product oil was
sanpl ed and anal yzed for properties. The results obtained are shown in
Table 3. - 57 1. Degree of cracking (HYC) (%9 The degree of hydrocracking
for the catalyst is shown in ternms of the proportion of the fractions of
343C and lower in all fractions of the product oil which are obtained by
gas chromat ography distillation in accordance wth ASTM D2887. The hi gher
the cracking actjvity.of the, catalxst, t he higher the proportion of the
gas oil fractio BeS¥f3ﬁ3ﬁpBFVFﬁﬂeK.)2. Cracki ng reaction rate constant

(Kc) The rate coastgeachf ceatRifgeguabt@8n\WeheB 8b¥8Eanthye first order of
cracking is taken as the cracking

reaction with respect tq the degree of

reaction rate congﬁg aé%%&ﬁ.r SEHPYHERLE IRPNEERAY R rate constant, the
nore excell ent tkempatraltyitiec catialwisity a)Degr a@oof cracking (% _ [ (anount
of fractions of 343C and lower in product oil) /(amount of all fractions
of product oil)] x 100 Cracking reaction rate constant =
-(LHSV) I n[ (1- (degree of cracking))priBQk Specific activity (% [(each

crackin Céggﬁ;ggn rate constant) 2 a
Product oil sulfur content (wt%) 0.056 0.108
Degree of desulfurization (%) 97.7 95.6
Desulfurization rate constant 4.74 3.18
Desulfurization specific activity (%) 149 100
Degree of cracking (%) 29.6 26.4
Cracking rate constant 0.232 0.202
Specific activity in cracking (%) 114 100

Furthermore, Catalysts D and a were subjected to a
catalyst life test under the following reaction conditions.
The results obtained are shown in Fig. 2. 1In Fig. 2, the

large solid squares indicate the results for Catalyst D and
the large solid lozenges indicate the results for Catalyst

a.

Reaction Conditions:
Reaction temperature:
Temperature required for 50 ppm
Pressure (hydrogen partial pressure): 4.9 MPa
Liquid hourly space velocity: 1.3 hr™!

Hydrogen/oil ratio: 200 m’ (normal)/kl
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[ (cracking reaction rate constant of conparative'catalyst a)] x 100 Table

3 Catal yst Aa Product oil sulfur content (wt% 0.0560.108 Degree of-

desul furization (% 97.795.6 Desul furization rate constant4.743.18

Desul furization specific activity (% 149100 Degree of cracking (% 29. 626. 4

Cracki ng rate. constant0.2320. 202 Specific activity in cracking ($)114100

Furthernore, Catalysts D and a were subjected to a catalyst life test

under the follow ng reaction conditions. The results obtained are shown in

"Fig. 2. In Fig. In Fige. Jargeesabsdisgaairdicatesathet hembesubfsofidr

Catalyst D apd the large solid |ozenges indicate the results for Catalyst

a. F@actP%%stﬂﬁdiFPUﬁs:(QQ%R%ioﬁn@engéﬁat@m@lHRQQMH%HQ#Qat%muitbe for 50
m Pressure (hydrogen partial pressure): 4.9 MPa Liquid hourly space

5& oci t y-eHpar F‘Xre %ﬁaogmwrec}-atfp& the RBodusEmad) kko- Isyve 14 Fig. 2,

e e A Mo g = S R T N L
have a following. 1In the reaction using catalyst D according to
the present invention, temperatures around 345°C were
sufficient throughout the 2-month o0il passing. In contrast,
in the case of comparative Catalyst a, a temperature above
360°C was required already on the first day of oil passing
and a temperature as high as above 365°C came to be
required after about 2 months.

As apparent from the results given above, the
catalysts according to the present invention had highly
excellent activity and an exceedingly long life when used
in the desulfurization reaction and denitrification
reaction of gas oils in the ultra-deep desulfurization
region under almost the same conditions, e.g., hydrogen
partial pressure and reaction temperature, as in the case

of the gas o0il hydrotreating processes heretofore in use.

INDUSTRIAL APPLICABILITY

As described above in detail, according to the
present invention, the following effects can be obtained.
(1) The catalyst has high desulfurization and
denitrification activity and is hence effective in greatly

reducing the sulfur and nitrogen contents in gas oils.
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sul fur concentration of 50 weight ppm Fig. 2 shows the following. In the
reaction using catalyst D according to the present invention, tenperatures
around 345C were sufficient throughout the 2-nmonth oil passing. In
contrast, in the case of conparative Catalyst a, a tenperature above 360C
was required already on the first day of oil passing and a tenperature as
hi gh as above 365C cane to be required after about 2 nonths. As apparent
fromthe results given above, the catalysts according to the present

i nvent i off had hipg]fgwcg/st ex&&€ enBanet i VFeschien an aonsdddiongl y Bsng infe when
used i r}{)}fgre desul furization reaction and denitrification reaction of gas

oils in S RE PHRSEFEEF i ParesRioregisn usedram  bp sempheyedne

conditigns, e.q. dr ogen artial pressure and reaction tenperature, as
inthe é‘é;% se%‘?eqihjeyga raﬁ ot HHPLS oddss¥§eheFahof Bee RHedse.

| NDUSTRI LI BILI.TY As d i bed.ab i il di to th
pr esent ﬁt\/@ﬁ& o%?%lﬁ%y*%%e%;égéqgk%?a’%&\égﬁl’E‘é‘ge a%%wa??oz 1|) n'gll'heocat :I yst
h hi | furi zati .and, denitri.ficati tLyit di h
o et DU L R o palE LEGhER' 2R SSLIEREY SOReRt O pas

oils. - fQd A dmsd I, O ditions as in hydrotreating
processes hrerg?eét%f ore |I}1ﬁ [}ga(\ﬁ?g% %%&gfr%%;égi.]lé‘i:onsequent |y, apparatus
heretofore in use can be used without necessi tating a considerable

nodi fi cati on.
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(3) A gas oil base reduced in sulfur content and 'nitrogen content can be
easily supplied. CLAIMS 1. A catalyst for hydrotreating gas oil, which
conprises an inorgani c oxide support having provided thereon: at |east one
selected fromnetals in the Goup 6 of the periodic table at from10 to
30% by wei ght, at |east one selected fromnetals in the Goup 8 of the
periodic table at from1 to 15% by wei ght, phosphorus at from1.5 to 6% by
wei ght, and carbon at from2 to 14@69&%& ight, each in ternms of a
respective oxi de anount based on al yst, wherein the catalyst has a
specific surface area of from 220 to 300 n2/g, a pore volune of from 0. 35
to 0.6 nl/g, and an average pore dianeter of about from65 to 95 A 2. The

catal yst accordi g t ereipn the at | east one selected from
metals in the G %%Y?% ﬁﬁh]gydfﬁﬁ§§?§ﬁn93 9q$e Xitral YELCRccor di ng

| h | d ! ' °
to cla %émﬁae’esés' “5&1 y i d | LA cFlgtE o hA%LARS, PReiged OF

nolybdengﬂbgégﬁlflde Iayers observed through a transn155|on el ectron
m croscope after presulfiding have an average

at least one selected from metals in the Group 6 of
the periodic table at from 10 to 30% by weight,

at least one selected from metals in the Group 8 of
the periodic table at from 1 to 15% by weight,

phosphorus at from 1.5 to 6% by weight, and

carbon at from 2 to 14% by weight,

each in terms of a respective oxide amount based on
the catalyst,

wherein the catalyst has a specific surface area of
from 220 to 300 m’/g, a pore volume of from 0.35 to 0.6

ml/g, and an average pore diameter of about from 65 to 95 A.

2. The catalyst according to claim 1, wherein the
at least one selected from metals in the Group 6 is

molybdenum or tungsten.

3. The catalyst according to claim 1, wherein the
at least one selected from metals in the Group 6 is

molybdenum.
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| ami nating | ayer nunber of 2.5 to 5. 5. The catal yst according to claim3
or 4, wherein nolybdenumdisulfide |ayers observed through a transm ssion
el ectron mcroscope after presul fiding have an average in- plane-direction
length of 1 to 3.5 nm 6. The catalyst according to claim1, wherein the

at | east one netal selected fromthe Goup 8 is cobalt or nickel. 7. A
process for producing the catalyst of any one of clains 1 to 6, which
conprises providing a nmetal in the Goup 6 of the periodic table at from
10 to 30% by wei ¢ht, Thg neesplyatt haccprsdpng otot helakmi dii ¢ whetdesimat from
1 to 15% by wei ght, phosphorus at from1.5 to 6% by weight, and carbon at
from 2 t@°£MQQQPWMﬂQ$ﬁ91é;Q§1hﬁyqyﬁwﬁbﬁﬁrW?drthﬁﬂuﬂh\ﬁaﬁn&nﬁmkﬂﬂinn based
on the catal yst, onto an inorganic oxide support having a specific surface
area of SHPGHEOP MICEOGCRRLy, 2ALBEr cPYBFUAELGENG AR 53N 0 @Ye¥agf / g, and
an average_pore . diameter of from60 to 120 A, using a solution conprising
t he met a&afnr’rnlaﬁén@r e Jumbed oferd-Qdit® tabl e, the netal in the Goup 6
of the periodic - 63 table, organic acid, and phosphoric acid, followed by
drying at a tenperature of 200C or lower. 8. A nethod for hydrotreating gas

oil, which conprises,subjecting a gas Qil fractiqgn to a catalytic,

reaction in the reszﬁ’@eéﬁgaﬁ‘yé%c&f’ PFdang: ton¢ g Ofcdai peraid 6 under

Cond't'0&51?5d%n%¥9%%¥ﬂ1ﬂ¥§é'fyyers observed through a transmission
electron microscope after presulfiding have an average in-

plane-direction length of 1 to 3.5 nm.

6. The catalyst according to claim 1, wherein the

at least one metal selected from the Group 8 is cobalt or

nickel.

7. A process for producing the catalyst of any one
of claims 1 to 6, which comprises providing a metal in the
Group 6 of the periodic table at from 10 to 30% by weight,
a metal in the Group 8 of the periodic table at from 1 to
15% by weight, phosphorus at from 1.5 to 6% by weight, and
carbon at from 2 to 14% by weight, each in terms of a
respective oxide amount .based on the catalyst, onto an
inorganic oxide support having a specific surface area of
from 270 to 500 m’/g, a pore volume of from 0.55 to 0.9
ml/g, and an average pore diameter of from 60 to 120 i,
using a solution comprising the metal in the Group 8 of the

periodic table, the metal in the Group 6 of the periodic
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pfessure of from3 to 8 MPa, a tenperature of fr0ﬁ1300 to 420C, and a
liquid hourly space velocity of from0.3 to 5 hr'1.

table, organic acid, and phosphoric acid, followed by

drying at a temperature of 200°C or lower.

8. A method for hydrotreating gas o0il, which
comprises subjecting a gas o0il fraction to a catalytic
reaction in the presence of the catalyst of any one of
'claims 1 to 6 under conditions at a hydrogen partial
pressure of from 3 to 8 MPa, a temperature of from 300 to
420°C, and a liquid hourly space velocity of from 0.3 to 5

hr-!.
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