DESCRI PTI ON CATALYST FOR HYDROTREATI NG GAS O L,
PROCESS FOR PRODUCI NG THE SAME, AND PROCESS FOR
HYDROTREATI NG GAS O L FI ELD OF THE | NVENTI ON The
present invention relates to a catalyst for
hydrotreating gas oil, a process for producing the
catal yst, and a process for hydrotreating gas oi
using the catalyst. Mire particularly, the invention
relates to a catal yspEsRIErEXCel [ ent activity
capabl e of reducing sul fur conponents and nitrogen
conponents in gas oil to a |ower |evel as conpared
with cases using this kind of conventional catalysts
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the catalyst, and to a process for hydrotreating gas
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global trend toward stricter qualit regul I on
val ues for gas oil has energed to |nprove at nospheric
environnents. In particular, a sulfur reduction in
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partlculate matter from diesel exhausts.
alyst, and a process for hydrotreating gas oil using

the catalyst. More particularly, the invention relates
to a catalyst having excellent activity capable of
reducing sulfur components and nitrogen components in gas
oll to a lower level as compared with cases using this
kind of conventional catalysts in hydrotreating gas oil,
to a process for producing the catalyst, and to a process

for hydrotreating gas oil using this catalyst.

BACKGROUND ART

Recently, a global trend toward stricter quality
regulation values for gas oil has emerged to improve
atmospheric environments. In particular, a sulfur
reduction in gas o0il is desirable because sulfur may
adversely affect the durability of after-treatment
devices expected to provide effective control of diesel

emissions, such as oxidation catalysts, nitrogen oxide




Under these circunstances, it has been enphasized to
devel op an ultra-deep desul furization technol ogy for
renmovi ng nost of the sul fur conponents in gas oi
substantially. A generally possible technol ogy for
reduci ng the sul fur conponents in gas oil is to use
severer operating conditions for hydrodesul furization,
e.g., reaction tenperature and liquid hourly space
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rapid decrease in catalytic activity. On the other

exhlalfs use of a lowered liquid hourly space velocity
*HFesults in a reduced purification capacity although
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met hods, and the |ike, and novel catalysts for deep
severer operating conditions for hydrodesulfurization,

e.g., reaction temperature and liquid hourly space
veloéity.

However, use of an elevated reaction temperature
results in precipitation of a carbonaceous matter on the
catalyst and hence in a rapid decrease in catalytic
activity. On the other hand, use of a lowered liquid
hourly space veloclty results in a reduced purification
capacity although desulfurization ability is improved, so
_that it becomes necessary to enlarge the scale of the
facility.

Consequently, the best way of attaining the ultra-
deep desulfurization of gas oil withbut using severer
operating conditions is to develop a catalyst having an
excellent desulfurization activity.

Recently, many investigations have been made on

kinds of active metals, methods of active-metal




desul furizati on devel oped have been reported. For
exanpl e, Patent Docunent 1 discloses a process which
conprises inpregnating an alum na or silica support
with a solution which contains an organi c conpound
having a nitrogen-containing |igand as a conpl exi ng
agent and further contains an active netal, followed
by drying at 200C or |ower. Patent Docunent 2
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200°C or lower,

Patent Document 2 discleoses a process which
comprises impregnating a y-alumina support with an
impregnating solution obtained by further adding a diel
or an ether to an impregnating solution containing a
compound of a metal in the Group 8 of the periodic table
(hereinafter, sometimes simply referred to as “Group 8
metal”), a compound of a metal in the Group 6 of the
_periodic table (hereinafter, sometimes simply referred to
as “Group 6 metal”), and phosphoric acid, followed by
drying at 200°C or lower.

Patent Document 3 discloses a process which
comprises impregnhating a support with a solution
comprising a compound of a Group 6 metal, a phosphorus

component, a compound of a Group 8 metal and citrie acid,

as in the process of the present invention, followed by




a conmpound of a Goup 6 netal, a phosphorus conponent
and a conpound of a Group 8 netal have been

supported, with a solution containing a specific
anmount of an organic acid, followed by drying at 200C
or lower. Furthernore, Patent Docunent 5 discloses a
process which conprises supporting a solution
containing a conpound of a Goup 6 netal, a conpound
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phosphoric acid, followed by drying at 200C or | ower
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catalyst wwth a solution of an organic acid, foll owed
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metal, and phosphoric acid on an oxide 3upport, drying
the resulting support at 200°C or lower to obtain a
catalyst, supporting a solution of an organic acid
represented by a specific chemical formula on the
catalyst, and then drying at 200°C or lower.

On the other hand, proposals have been made also on
a process for catalyst production wherein impregnation is
conducted twice with an organic acid.
For example, Patent Document 6 discloses a bProcess

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 rhosphoric
acid, followed by drying at 200°C or lower to obtain a
catalyst, and further impregnating the catalyst with a’

solution of an organic acid, followed by drying at 200°C

or lower.




techni que for catal yst production which conprises

i npregnati ng an inorgani ¢ oxi de support with a
conmpound of a Group 8 netal and heteropoly acid of a
Goup 6 netal, followed by drying. Mreover, Patent
Docunent 8 discloses a process for catalyst
production which conprises inpregnating an oxide
support with a solution conprising nol ybdenum
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This process is mainly intended to form a
coordination compound of the mercaptocarboxylic acid with
molybdenum, tungsten, and the Group 8 metal compound. to
highly disperse the coordination compound on the catalyst
support.

However, in the process described above, -the
molybdenum and tungsten is highly dispersed on the
support and, hence, it is difficult to form laminated
layers of molybdenum disulfide such as catalysts in the
present invention which will be described later. It is
presumed that the process results in no formation of Type
IT sites of a CoMoS phase, NiMoS phase, or the like which
are especlally 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 nol ybdenum di sul fide; Type | sites nean the active
sites of cobalt or nickel |located at the edges of the
first layer of nolybdenum disulfide, and have activity
| ower than the Type Il sites). In addition, since the
mer capt ocar boxylic acid contains sulfur, there is a
possibility that when the acid is present around the
Goup 8 netal (Co or Ni) or fornms a coordination
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or the like) but inactive CogSg or NisS; species.

Also, the processes for catalyst production
described 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 gas oil, some exhibit a low
efficiency in the ultra-deep desulfurization range, and
some have a short life.

Moreover, Patent Document 9 discloses a catalyst
comprising a salt and/or complex of a Group 8 metal
selected from cobalt and nickel and a heteropoly acid of
a Group 6 metal selected from molybdenum and tungsten on
an oxide support, wherein the concentration of the Group
8 metal is about from 2 to 20¢% by weight based on the

support, the concentration of the Group 6 metal is about

from 5 to 50% by weight based on the support, and the




catal yst substantially contains no free water.

Furt hernore, Patent Docunent 10 di scl oses a catal yst
obt ai ned by addi ng a hydroxycarboxylic acid, in an
amount of 0.3 to 5 equivalents to total noles of the
nmetals of a Goup 6 netal and a G oup 8 netal, to a
catalyst in which the Goup 6 netal and the G oup 8
netal are supported on a support, and subsequently
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Although various catalysts as results of
development have been reported as mentioned above, theré
is still no proposal of a technology for obtaining a
catalyst having a sufficiently high desulfurization
activity and a long life, which is capable of being
produced by a simple method and also capable of realizing
the ultra-deep desulfurization of gas oil without using
severer operating conditions.

[Patent Document 1]

JP-A-61-114737
[Patent Document 2]

Japanese Patent No. 2900771
[Patent Document 3]

Japanese Patent No. 2832033
[Patent Document 4]

JP-A-4-156948

[Patent Document 5]}




JP- A-4-244238 [ Patent Docunment 6] JP-A-6-339635

[ Pat ent Docunent 7] JP-A-6-31176 [ Patent Docunent 8]
JP- A-1-228552 [ Patent Docunent 9] JP-A-6-31176

[ Pat ent Docunent 10] Japanese Patent No. 3244692

DI SCLOSURE OF THE | NVENTI ON An obj ect of the present
invention is to provide a hydrotreating catal yst
capabl e of being produced by a sinple nmethod and
capabbeznotsealizag ng the ultra-deep desul furization
of sul fur components in gas oil without requiring

[Pa%eYeS &oapgs@t i §pg conditions as well as capable of
reduci ng nitrogen conponents sinultaneously, and to

provigeaa gpkeerss, for producing the catal yst. Another
obj ect of the present inventionis to provide a

[PaE%ﬁ&?%%éﬁHeﬁ%gP y efficiently hydrotreating a gas
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iT fraction using the catalyst. For achieving the
above_obj ects,, the present invention provides the
follgaﬁgg%céﬁéﬁ st for 8 hydrotreating gas oil

[Pa %%%?%%éﬁﬁeﬁ%qnging t he catal yst,
JP-A-1-228552

[Patent Document 9]
JP-A-6-31176

[Patent Document 10]

Japanese Patent No. 3244692

DISCLOSURE OF THE INVENTION

An object of the present invention is to provide a
hydrotreating catalyst capable of being produced by a
simple method and capable of realizing the ultra-deep
desulfurization of sulfur components in gas oil without
requiring severer operating conditions as well as capable
of reducing nitrogen components simultaneously, and to
provide a process for producing the catalyst.

Another object of the present invention.is to
provide a process for highly efficiently hydrotreating a
gas oil fraction using the catalyst.

For achieving the above objects, the Present

invention provides the following catalyst for




and process for hydrotreating gas oil using the
catalyst. (1) A catalyst for hydrotreating gas oi

whi ch conprises on an inorganic oxide support 10 to
40% by weight of at |east one selected fromnetals in
the Goup 6 of the periodic table, 1 to 15% by wei ght
of at least one selected fromnetals in the Goup 8
of the periodic table, 1.5 to 8% by meight of

. hyhospher usg gash din t B of 2 nt._,based. o
t he catalystg and 2 tgf1496by §£ EE B?QBQrEgh ,égta{&st,
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wherein the cataly
150 to 300 n2/g, a pore volune of 0.3 to 0.6 nl/g, and
an average pore dianeter of 65 to 140 A, and wherein,

when {he ¢ IS ob
di f f usd- Fef éﬁ%@ﬁuxa E¥e§€F?gdg?Foﬁlﬁveéﬁﬁmﬁﬁ
bsequent_NO adsor tlon a value of 18 group/(18
com}rkdlseéj Hor by ors BHiLA: REPPaiTge 16t 5, Altio by
wei q{ﬁ%énten % of NO spectrum (1840 cm 1) adsorbed
et af STREt AR &P baptedof roRe Mgdriladiia i &Siaup
6 E? resented by 18 group_and intensity of NO spectrum
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the periodic table is represented by 16 group. 9
one. selected. frep)maheleatnl ybe GroopdiBng ft dhicheeahiondi c
S wherein the catal yst has a pore distribution
tabtﬁat]a!}aEQOB% by weight of phosphorus, each in terms
of an oxide amount based on the catalyst, and 2 to 14% by
weight of carbon in terms of an element amount based on
the catalyst,
wherein the catalyst has a specific surface areas of
150 to 300 m?/g, a pore volume of 0.3 to 0.6 ml/g, and an
average pore diameter of 65 to 140 A, and
wherein, when the catalyst is observed on a
‘diffuse-reflectance FT-IR after sulfidation treatment and
- subsequent NO adsorption, a value of I8 group/ (I8 group +
I6 group) is within the range of 0.7 to 1 where intensity
of NO spectrum (1840 cm™) adsorbed on the metal in the
Group 8 of the periodic table is represented by I8 group
and intensity of NO spectrum (1700 cm™}) adsorbed on the

metal in the Group 6 of the periodic table is represented

by 16 group.




- of pores having a pore dianeter of the average pore
diameter 15 Ais from30 to 75% (3) The catal yst
according to the above (1) or (2), wherein an average
nunber of lam nated | ayers of disulfide of the netal
in the Goup 6 of the periodic table observed through
a transm ssion electron mcroscope after
presul fidation of the catalyst is from2.5 to 5. (4)
The ¢2f alye! caesoydind ko e ARG )aflyd 2))
wherei n an average in-plane-direction |engt % 1ayers
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dla%ﬁ??rwﬁigﬁ goﬁﬁrﬁ§€§‘§ﬁbﬁﬁ%tﬂﬁ%°lo to 40% by wei ght
of at least one selected fromnetals in the Goup 6
of the periodic table, 1 to 15% by wei ght of at | east
one Iafted fromnetals in the Goup 8 of the
peri ot clt@bfataiyst 8cgorpyngeitghthef aflerephdrusr (2},
each in ternms of an oxide anmount based on the
wheggin| 8t aVgRa9e NUSLEAvfy Maligited baydom of terns
. of an elenent anount 10 based on the catal yst, on an
disphbiganré ékedmesappdnt theadmyim Gpetithe serfagec
area of 230 to 500 n2/g, a pore volune of 0.5 to 1
tabhe/ gbsanyedn threnghe apdrerdimdnetien ofled@rdw d20rdscope
using a solution conprising the netal in the Goup 6
after phespéfiiddidonablfe thicheateilalst nd herdx oUps 8o 5.

(4) The catalyst according to the above {1) or (2),
wherein an average in-plane-direction length of layers of
disulfide of the metal in the Group 6 of the periodic

table observed through a transmission electron microscope

after presulfidation of the catalyst is. from 1 to 3.5 nm.

(5) A process for producing the catalyst of any one
of the above (1) to (4), which comprises supporting 10 to
40% by weight of at least one selected from metals in.the
Group 6 of the periodic table, 1 to 15% by weight of at
least one selected from metals in the Group 8 of the
periodic table, 1.5 to 8% by weight of phosphorus, each
in termé of an oxide amount based on the catalyst, and 2

to 14% by weight of carbon in terms of an element amount
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of the periodic table, an organic acid, and phosphoric
acid, followed by drying at a tenperature of 200C or
| ower. (6) A process for hydrotreating gas oil, which
conprises subjecting a gas oil fraction to a catalytic
reaction in the presence of the catal yst of any one of
the above (1) to (4) under conditions of a hydrogen
partial pressure of 3 to 8 MPa, a tenperature of 300
bat&d 4720€heap kgui d_haqur | e velocity of 0.3 to
5 hr71. BRI %Egl sta %ﬁ & BB TGS FPEPPatTs a
ha@{@w /g g d ti T- I R cty um of
Crd e PRotEre: SR U g SRR % pore
ogkaphcs h N transm ssion el ectron mcrograph
vo PR 9L A BooL a1 Agh PROERENFIVE TR0 Mage MEpERERE of
Y. THE INVENTION As a result of intensive
00 oLt ) AL [ BRET 0P SROHQTPnG NG LA 15 GRER 1 e the
crdsSent i pventors have 11 found that when an
T Hor Jant ctB%i BBT B 6r £abd & mbhegmeted i tthe Group 8
£S | ution, contajning a conpound of a Goup 6 netal, a
O CoNpRMELRFLa ErBUB, 8aReraRands @cdani @ratimhospitbric
phosphoric acid to support these conponents thereon in
aCJgiwe‘ngJathbﬁndrmhgdaat aateappetatuiee of 20PE ok
| ower, then highly active desulfurization sites (e.g.,
Llowgibs phase Type 11 sites, Ni MbS phase Type Il sites,
etc.) can be precisely regulated w thout vyielding

(6} A process for hydrotreating gas oil, which
comprises subjecting a gas oil fraction to a catalytic
reaction in the presence of the catalyst of any one of
the above (1) to (4) under conditions of a hydrogen
partial pressure of 3 to 8 MPa, a temperature of 300 to

420°C, and a liquid hourly space velocity of 0.3 to 5 hrt,

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a drawing showing an NO adsorption FT-IR

spectrum of Catalyst A obtained in Example 1.

Fig. 2 is a photograph showing a transmission

electron micrograph of Catalyst B obtained in Example 2,

BEST MODE FOR CARRYING OUT THE INVENTION
As a result of intensive investigations for

achieving the above objects, the present inventors have
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I nactive species of a Goup 6 netal, such as cobalt or
nickel, and as a result, a high-performance

desul furization catal yst can be obtai ned which
facilitates achi evenent of an ultra-deep

‘desul furization reaction wthout using severer
reaction conditions because the desulfurization
reaction and a denitrification reaction proceed

foehfil ehant Iy t jective oils to be treated in
t he presenten$%$émﬁé¥ﬁ§%%é;é%ﬁé rAcePohE stichmREegnated
I ticall acked gas oil,

: sty r ai Eun. g il.,. . catal C
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i zed_g i1,, vacuum distillation gas oi
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ntative, properties of such feedstock oils
ph%%ﬁ%ﬁ%gcaa56glFﬁgs PTG S Dfcomprren t st nadnain
. sul fur coptent of 5% by weight or |ower. The inorganic
gl‘é%d%m%ﬁgﬁr foflodgdegsad ian Gemperaiiu sy sof )20 he or
1 presegt i nvention may be alumna alone. 12 It is,
O¥ohevERSD phépBL Ve oitd vigs desuddipdsiatel axi slstes (e.g.,
contai ning alum na as the main conponent in order to
COMQF t S npYBee ldeSdtlgni NiMosn phetseviType ASI thetes,
al um na, use can be made of various alumnas such as
et bl gpRne Pracisedy, repgallatienawiftalutm yigeld Adm na
. hydrates, and the like. However, an alumna which is
ingekboe apeichas afl ar Geosped fict agyr fsacd ALadiSalt or

preferred. In particular, y-alumna is suitable.
nickel, and as a result, a high-performance
desulfurization catalyst can be obtained which
facilitates achievement of an ultra-deep desulfurization
reaction without using severer reaction conditions
because the desulfurization reaction and a
denitrification reaction proceed efficiently.

As the objective oils to be treated in the present
invention, gas oil fractions such as straight-run gas oil,
catalytically cracked gas oil, thermally cracked gas oil,
hydrotreated gas oil, desulfurized gas o0il, vacuum
distillation gas oil (VGO), and the like are suitable.

Examples of representative bproperties of such
feedstock oils include a boiling point range of 150 to
450°C and a sulfur content of 5% by weight or lower.

The inorganic oxide support to be used in the

catalyst of the present invention may be alumina alone.
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Alum nas having a purity of about 98% by wei ght or

hi gher, preferably about 99% by wei-ght or higher, are
preferable. Exanples of inpurities in alum nas

i nclude 5042 C -, Fe203, Na20, and the like. The | ower
the content of these inpurities, the nore preferable
the alumna is. The total content of all inpurities
is 2% by weight or |lower, preferably 1% by weight or
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In the zeolites, the proportion of particles having a

preggriies e ditarmeteri ©f 1 & miora lsmedneri 4 ssaboasLef rom 70
to 98% preferably about from75 to 98% nore
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particles.

preferably about 99% by weight or higher, are preferable.

Examples of impurities in aluminas include S04%7,
Cl”, Fez0s, Naz0, and the like. The lower the content of
these impurities, the more preferable the alumina is.
The total content of all impurities is 2% by weight or
lower, preferably 1% by weight or lower. The content of
each impurity is preferably as follows: . S0, <. 1.5% by
weight, Cl°, Fe,;03, Na,0 < 0.1% by weight.

An oxide component for use in composite formation
with an alumina is preferably at least one selected from
zeolites, boria, silica and zirconia. The composite
formation with these components is advantageous in
forming laminated layers of molybdenum disulfide.

Among these components, zeolites have an average

particle diameter as determined by the Coulter counter

method (1 wt% aqueous NaCl solution; aperture, 30 pm ;
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Such properties of zeolites are advantageous for

preci sely regulating the pore dianeter so that
substances which are difficult to desulfurize can
easily diffuse in the pores. For. exanple, when a
zeolite having too large an average particle dianeter
or too high a content of coarse particles is used in
the preparation of a conposite oxide support, the

I um, n precursQr). an he zeolite
ul?ﬁ‘é‘%@ﬁﬁf@?ét?‘-‘e%ﬁ%éﬁé et BroBERE T REGRERHE R Snd g
I d erences in water adsorption
r%r%yg %t{]cglnriﬁ %%t%j\e"érﬁ’ t e alQRfnRT ehgdpkly about 3
( m na SO nd the zeolite, whereby a
to %n%gs. A e vk goFPaE L By obapes therles
nMeso- nacropores tends to form WNbreover,

ha?ﬁ@@éalﬁﬁﬁ$ﬁﬁ%%3 ¥rtelemr yOF eflube ehessallace isr epomit
fralsg enabl% netallic conponents actlng as a catal yst

Bi 48n Fad PR FFRSe FPrehel poredSi HosBER, amcase

e catalyst is used for the treatnent of

prﬁ ?FS Y aROuL gl 180 sueh?8%r geapedesnt ehdl reod éselst

in decrease 14 in the catalytic activity on
PagEdGleSri zati on, denitrification, and cracking.

Preferred exanples of zeolites for use in the .

conposi¢l PopRartdrswotth zabldites iard helpiesedous for

invention include faujasite X-type zeolite, faujasite
pPrycippdy reoulted,in theolpdmes dbamgendt es@ephhtesubstances

ZSMseries zeolites (ZSM4, 5, 8, 11, 12, 20, 21, 23,
whigh,aBE,dagii@&lt to desulfurize can easily diffuse in
the pores. For example, when a zeolite having too large
an average particle diameter or too high a content of
coarse particles is used in the preparation of a
composite oxide support, the alumina hydrate (alumina
precursor) and the zeclite show different degrees of
-shrinkage during heating and calcining due to differences
in water adsorption.and crystallinity between the alumina
hydrate {alumina precursor) and the zeolite, whereby a
- composite oxide support having relatively large pores,
i.e., meso- or macropores, tends to form. Moreover,
these large pores not only reduce the surface area but
also enable metallic compeonents acting as a catalyst
poison to readily diffuse in the pores in such a case

that the catalyst is used for the treatment of bottoms.

As a result, such large pores tend to result in decrease
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etc.), MCM 41, MM 22, MCM 48, SSZ-33, UTD-1, CT-5,
VPI- 5, TS-1, TS-2, and the like. Especially preferred
are Y- type zeolite, stabilized Y-type zeolite and (3
zeolite. Furthernore, proton type zeolites are
preferred. As the above boria, silica and zirconia,
use can be nmde of those generally enployed as
support conponents of this kind of catalyst. The

in ahoyecZeRl £ es, abehid i ySidhl @%s%ﬁctlﬁlfmcﬁn,ﬁay beused
solely or i1n conbination of two or nore thereof. The

derd Ot @i+ 1 B8 CQHH°§%EE§15 be i ncorporated is not

part|cularly imte er, the anount of the

CONPRREHS ] % X ort is.qgenerally
about fron10 é 9z%yiggﬁ ?BﬁeP §b&gtt%F
9 ng Ydelg the al um na,
co
%P erab y % %ﬁfrgﬁgo F&nfSQBbgjﬁk Sefer Hhegption
: f the alunlna and nore
m%lrlg erd lijasja %u{{ E¥8ﬁl G%Qtltlgelodfbaw aei tentY PerPabout
from90 to 99.5% by weight of the alumna. 15 Too
?eQﬁﬁﬂ? dt %%Rﬁ%%@gem%ﬁﬁﬁﬁ%§eoﬁepﬁ@§@,céﬁMmﬁanEesresult
n dlffICU|t ulatlon o ore dianeter regulation.
zeqi ERR1 {§ 9441 o8 s al L1 t L@hetbof 23 é8dlt 35n 38, 46,
|nsuff|C|ent |npartat|on of Br$nsted acid sites or
etq-gwi MAETH si¥@E-25hi MEMrd8, | 8F8e 33noUMDs It hetebf5, VPI-
‘ result in a tendency for Goup 6 netals, especially
5 sl vbd g - tandetef Likalt Eephcghﬂyydmﬂpﬂmfmred are Y-
type zeolite, stabilized Y-type zeolite and B zeolite.
Furthermore, proton type zeolites are preferred.

As the above boria, silica and zirconia, use can be
made of those generally employed as sSupport compohents of
this kind of catalyst.

The above zeolites, boria, silica and zirconia may
be used solely 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 wéight 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 frem 90 to

99.5% by weight of the alumina.
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The inorgani c oxide support to be used in the present
invention is prepared through calcination at from 580
to 700C for from1l.5 to 3 hours. The catal yst of the
invention is prepared by nerely drying at 200C or
| oner after active conponents have been supported on
the i norganic oxide support, as will be described
| ater. Accordingly, the nmechanical properties of the
cat alysd 48291, o5I crushing strength, conpacted
 bulk density, e(t)g;ég\%h?%%gveﬁ PIOSE Loty | T § c@pponents
sheul ihned by -cal.cining the inorganic oxide
res%pgo??.Bsﬁggkgéﬁb%ﬁgﬁ%ﬁiﬁ?y(: Rt egdipngter
rature_| ower,.than 580C for_ a period shorter than
re@?gEﬁ%g}rls Z07 POCHO™ e et ArewyEs chaneofbe
ob ﬁinedﬂ Even when calcination is conducted at a
rewig tRnpRPEL e lenteddingy tatoom fof Brimotehgedid sites
ggriod excgedLng about 3 hours, not only the effects
OF orS¢hF cPRAti BAtEFe ¥aldeatte® Bwred sonowensi thentdon
may occur to inpair properties of the inorganic oxide
re§%%ﬁ

ot, 2sheRdaBCcypdent Grosw flace tarlen, dfppot£lly

vol une, and average pore dianeter. The specific
mo kypderenar ba, bpodé ffdkwiht dod hdwerlageli fnses4lj anet er

of the inorganic oxide support should be as follows

so t Haée tine gl ystxhds suppght agbi ¥et Mskh 4he the

hydr odesul furi zati on of hydrocarbon oils. The specific
prewgifactnvertion fhepsuppeet itsrbiem 230 it R00129, from

preferably from 300 to 450 nR2/g. The pore vol une
58Q ey €090°C for from 1.5 to 3 hours.

The catalyst of the invention is prepared by merely
drying at 200°C or lower after active components have
been supported on the inorganic oxide support, 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 calcining the inorganic oxide support.
When calcination is conducted at a temperature lower than
580°C for a period shorter than 1.5 hours, sufficient
mechanical strength cannot be obtained. Even when
calcinqtion is conducted at a high temperature exceeding
700°C for a prolonged period exceeding about 3 hours, not
only the effects of calcination are saturated but also

densification may occur to impair properties of the

inorganic oxide support, such as specific surface area,
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is from0.5to 1 mM/g, preferably from0.6 to 1 m/qg.
The average pore dianeter thereof is from60 to 120 A,
preferably from65 to 110 A. The reasons therefor are
as follows. The Goup 6 netal and Group 8 netal in
the inpregnating solution each is thought to be
present in the formof a conplex (the Goup 6 netal
has coordi nated to phosphoric acid to forma

porbet1epal Y Acd hvawibe phee &gmetglrmst al has

coordi nated to the organic aci orm an

Orgaﬂﬂgekﬁéhh%lﬁogﬁk%%ke ;ﬁg&% vg%h%%l?%ﬁ pKgRage

speci fic surface area of t e su

por%Bgléﬁé%%r'Jf'éhg {ééf aﬁléogg%ghlﬁggbﬁg : g§%36$hﬁh@5

tal at | mpr egnat1 on DECaus

I result ul d be d fficult to
fOl%?gglse y reg%i Rty ?%wﬁﬁ§|%nhbg t RECABSFY 4y ithe

se MbS phase, etc.) even
hyafpig H%?“?‘els%ﬂcfio%% @% ?C%boguwéét edThs specific
ulfldatlondi atnent. \Wien the specific surface ar ea
surBpce, 610y (1% SURPH00 TR/ GEOR 3Rl Fer 500ha’dappor
s not so exceedi ngl ngl | pore diameter and hence
PregP€@§1§ &en a0 i c‘#%l% d 9 -hasTheotpasre shal im@otkereos
di aneter, so that the case is preferable. Wen the
is pgPB G- dmitcer! @fl/che Reafeyalysfremadle to 1 ml/g.
desul furization activity thereof decreases because
Thet pEegpprusions ofiamgtfer Dumpouhdssi fitomt be cat abysth,

pores is insufficient.
preferably from 65 to 110 A. The reasons therefor are as

follows.

The Group 6 metal and Group 8 metal in the
impregnating solution each is thought to be present in
the form of a complex (the Group 6 metal has coordinated
to phosphoric acid to form a heteropoly acid, 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 230
m’/g, it is difficult to highly disperse each metal at
impregnation because of the bulkiness of the complex. As
‘a result, it would be difficult to preﬁisely regulate the
formation of the above active sites (e.g.; CoMoS phase,
NiMoS phase, etc.) even when the resulting catalyst is
subjected to sulfidation treatment.

When the specific surface area of the support is
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When the pore volunme of the support is 0.5 m/g or
nore, the anount of the solvent penetrating into the
pores is not so small when a catalyst is prepared by
the ordinary inpregnation nmethod, and hence the case
is preferable. Since the solvent anount is small, the
conpounds of active netals show poor solubility,
resulting in inpaired netal dispersibility to give a
so0calabyst hadingmodhadchippdyt Whéhooghsa ercbkeidduer lof
adding a | arge anount of an acid, e.g., nitric acid is

smaQfif i s f s ehanghngetibe §okubi hi bhtefl vishe which also
compounds of active netals, the technique may result

nad hdiedustipm 1 dbotbegsuhtace, asea tohitt RS uRRs ti yhen
the acid 1s added in too large an anmount, and this

pr%ﬁﬁﬁﬁﬁﬂ@p iﬁh@nn§ﬁ8r€?§€u33ﬁﬂgt%rd%%r%%%?ddfalyst is

uri zation acti en the pore volune of the

sma?higf)?&ésﬁf’f rﬂégl§£ aé%lv!l.%gf’ T %%e%%p%rér&%glﬁéeé&se

Specifric surface "area“and the active neta

hence. show good di spersibility, .resulting.i

Chel AL LT R hoo R GRT dBSTPPEPESatroR e hchi WA LysE Pores

. \When tPe ﬁore di aneter of the support is 60 A or

is b iieh@tat al yst on which the active nmetals are
supported has not so snall pore dianeter and_hence the
casewll@nprt&eer%&ﬂee.vol‘ﬂgn%a‘?gl LRe RURPAGTalsndl| & or
di anet er has reduced desul furization activity because

monche Lipf2HRNBR OF ShPf 6P LEERToRTES Hhitlo-the Tt a3t
ores is
poggs is not so small when a catalyst is prepared by the

ordinary impregnation method, and hence the case is
preferable. Since the solvent amount is small, the
compounds of active metals show poor solubility,
resulting in impaired metal dispersibility to give a
catalyst having poor activity. Although a technique of
adding a large amount of an acid, e.g., nitric acid is
- effective for enhancing the solubility of the compounds
of active metals, the technique may result in reduction
éf the surface areé of the support when the acid is added
in too large an amount, and this reduction is a major
cause of a decrease in desulfurization activity.

When the pore volume of the support is 1 ml/g or
smaller, the support has not so small specific surface
area and the active metals hence show good dispersibility,

resulting in a catalyst having high desulfurization
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insufficient. Wien the pore dianeter of the support is
120 A or smaller, the specific surface area of the
resulting catalyst is not so snall and hence the case
is preferable. Wen the specific surface area of the
catalyst is small, the dispersibility of the active
netal s becones insufficient and the resulting
catal yst has reduced desulfurization activity.
actRreftgrred exanples of the Goup 6 netal to be
contained in the catalyst of the invention include

nol yReeRumhan g orengsitete t bl ybdemei i bspeatt igulear By ox
preferable. The content of the Goup 6 nmetal is from

larde4,0 Wc@b’al"f&ggc%n Phekar ahky abramel &l 135 %y

r
wei ght, In terns an oxi de anmount based on the

supgsﬁf%%é@thag o €086 e%%aﬁ ﬁ@%@ﬁ}éﬁ&%& AndHdS the

cl ent or producing the effect attributable to
cadf PR fegfFLSL e, SOntet oo Uy vl
ST ore tauporer nyy 2 i AL iRE RS Ty e e e tne
O3 REb P bat a AF | EORBOPOPR, tPEConds: Fe Het S Thel
content of the G oup 6 netal does not exceed the

ingyhficieRtefficient di spersion and the surface area

does not considerably decrease, so that the case is
When the pore diameter of the support is 120 A or

smaller, the specific surface area of the resulting
catalyst is not so small and hence the case is preferable.
When the specific surface area of the catalyst is small,
the dispersibility of the active metals becocomes
‘insufficient and the resulting catalyst has reduced
desulfurization activity.

. Preferred examples of the Group 6 metal to be
contained in the catalyst of the invention include
molybdenum and tungsten. Molybdenum is particularly
preferable.

The content of the Group 6 metal is from 10 to 40%
by weight, preferably from 16 to 35% by weight, in terms
of an oxide amount based on the catalyst.

The content of 10% by weight or more is sufficient
for producing the effect attributable to the Group 6

metal. When the content is 40% by weight or smaller,
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preferable. Preferred exanples of the G oup 8 netal
i nclude cobalt and nickel. The content of the G oup 8
netal is from1l to 15% by weight, preferably from3
to 8% by weight, in ternms of an oxide anmount based
on.the catal yst. When the content of the G oup 8 netal
is 1% by weight or larger, active sites attributable
to the Goup .8 netal can be sufficiently obtained
aggapdahénee otfheheasrolrs Predtes Abtenpdtied tibe scantentcaux
15% by weight or smaller, aggregation of the Goup 8

in fBkaktepmeaundciges moiaDCombrédni beoht ¢pupbobtauey)§
netal inpregnation (supporting), resulting in good

res@l$R8LSIHR lgdan %gﬂ@fsﬁpyptg FEtghe tRoaddiet hia1it
i s thought that species of O NO etc., which are

In BHAGYHSN,S efn@{azﬁfé%?'&?téiﬁ%‘tl@%@@?@?.t?@s%%%%t% ch

are inactive netal species of the Goup 8 netals such

becgﬁs‘éo%’:“ c&erﬂtcifﬁ% F@%%fé‘ﬁﬂa hgrmggafogggg iB'tnGélxceed

ni ckel spinel or e species 20 - ----------

tnel AGGR0ALEL I Sugpord Latilees ats poL Laviede orc.

Accor y, enhanced Ca y 'S obser

o<y Bt o G i oty %ae%é{ Py IR 6iT3% et al

gh @glare contained in the respective anounts shown
PLeIKdPe&Ss preferably about from

Preferred examples of the Group 8 metal include
cobalt and nickel.

The content of the Group 8 metal is from 1 Lo 15%
by weight, preferably from 3 to 8% by weight, in terms of
an Qxide amount based on the catalyst.

When the content of the Group 8 metal is 1% by
weight or larger, active sites attributable to the Group
.8 metal can be sufficiently obtained and hence the case
‘is preferable. When the content is 15% by weight or
_smaller,'aggregation of the Group 8 metal compound does
not occur in the step of Group 8 metal impregnation
{supporting), resulting in good dispersibility of the
Group 8 metal. In addition, it is thought that species
of CoO, NiO, etc., which are precurscrs for speclies such
as CosSs and NisS;, which are inactive metal species of the
Group 8 metals such as cobalt and nickel, and further a

cobalt spinel, nickel spinel or the like species
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0.1 to 0.25 as a value of [the Goup 8 netal]/[the
Goup 8 netal + the Goup 6 netal] in terns of an
oxi de anount. \Wen the ratio is 0.1 or larger, the
formati on of a CoMS phase, N MbS phase, or the like,
whi ch are thought to be active sites for
desul furization, is not inhibited, resulting in a
enhanced nprovenent in desulfurization _activity, and
inceames aTRd clds SWIPPF bf £ Ebl€SSWAER PRE Toamiedi s 0. 25
. or smaller, the formation of the above inactive
Accpaidingst 1of eer&mq:e@rCﬂt@kﬁtl@Cégssthml@szabﬁ@ved and
inhibited, resulting in enhanced catal ytic activity,
henamdthﬁﬂnﬁﬁerkscgsefesableferable. The content of
phosphorus is from1.5 to 8% by weight, preferably
fronTRet op@Ydayl weiightt, pmomor pred ev Abthef 6ooug Bomedal
- by weight, in terns of an oxide anount based on the
to aaialgrsdup Wenethe, cohient are toh¥mbyneneiighttioy
larger, it is presuned that the Goup 6 netal fornms a

&ropdl InAehtls FRowheabatal ysk pukffacadnd dbght yrrom
i spersed polylayer MOS2 crystals formin the step of

0.1PresW fadaté on, vyigLdbrg [2hesuibupl @ntdatd1Me/ [the Group
af orenenti oned acti ve S|tes for desulfurization, so

8 I&J@él thetﬁ@sc@rbﬁ paeﬁ@Ea@heml ﬂer&%rUfClHrﬁrox1db 05 iknt .
to enable the catalyst to have [|am nated |ayers of

t he ﬁl P 16, J18tAl 5 r(rgllséﬂé de,such gy, n@hxb%%@uon of a

di su e in a nunber of 2.5 to 5 on the average

cortld §lnd 01, AROMESPHESULT T datiaR, 1the CoeH He thought

to be active sites for desulfurization, is not inhibited,
resulting in a enhanced improvement in desulfurization
activity, and hence the case is preferable. When the
ratio 1s 0.25 or smaller, the formation of the above
inactive species of cobalt or nickel (CosSs or NiszS;) is

" inhibited, resulting in enhanced catalytic activity, and
“hence the case is preferable.

The content of phosphorus is from 1.5 to 8% by
weight, preferably from 2 to 6% by weight, more
preferably from 3 to 6% by weight, in terms of an oxide
amount based on the catalyst.

When the content is 1.5% by weight or larger, it is
presumed that the Group 6 metal forms a heteropoly acid
on the catalyst surface and highly dispersed polylayer

MoS; crystals form in the step of presulfidation, yielding
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phosphorus is necessarily regulated to 1.5% by wei ght
or larger. On the other hand, when the content is 8%
by weight or smaller, the Goup 6 netal sufficiently
forms a heteropoly acid on the catal yst surface and
the phosphorus not formng the heteropoly acid
di sperses on the alum na surface and does not cover
t he above high- quality active sites for
su fdestlkhiriyz aficom fturdmgn t henesd epct bfepeéseksf ifdat i on, so
that the activity is not reduced and hence the case
deshs rprefzerdkire. don diet cond endsof i shprpiesphdreus In
conmponent, the optinmal weight proportion of the

pargéliverTetial ormlyhdenaiab1o phespherlysits tpr eftraabl y
fromO0.07 to 0.3, nore preferably fromO0.09 to 0.25

1am@$a® U s [FR081d [MOF) - 6 VheRat haiveilghlde such as

proportion of nol ybdenumto phosphorus is 0.07 or

'molg,%@%%w%fﬁﬁfﬂgaeiﬁ al | P EPMLEWS 5T e@sens,f hafe

jcation o and Mo 1's achieved and | am nat ed

o W 3D G20l el Lo alieos

u uri zation,

CoMbS phase and N MoS, phase, ;e ci.al Ly Ty Si.t.es
PhosP IR S HHRES S NG BRAEE S en LA Bt g ® OF
desul furization activity anong the active sites for

ar@&dul furi zation are easily obtained and hence a

fﬁtealgéztghpgg\/i ’ fgxirag)g%,gg}hievri tchei.- Scc%ggrlilgeg’s §%’ Eg]/agveight
or smaller, the Group 6 metal sufficiently forms a
heteropoly acid on the catalyst surface and the
phosphorus not forming the heteropoly acid disperses on
the alumina surface and does not cover the above high-
guality active sites for desulfurization during the step
of presulfidation, so that the activity is not reduced
and. hence the case 1s preferable.

In the content of the phosphorus component, the
optimal weight proportion of the active metal, molybdenum
to phosphorus is preferably from 0.07 to 0.3, more
preferably from 0.09 to 0.25 as a value of [P2051/ [MoOs] .

When the weight proportion of molybdenum to
_phosphorus is 0.07 or larger as the above ratio, from two
reasons that unification of Co and Mo is achieved and
laminated layers of molybdenum disulfide can be formed

after sulfidation, active sites for desulfurization,
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The wei ght proportion of 0.3 or smaller is preferable
because the activity of the catalyst is not reduced
owi hg to no decrease of surface area and pore vol une
of the catalyst and the activity deterioration is

| ess apt to occur owng to no increase of acid anmount
and no invitation of carbon deposition. The content

of carbon is from2 to 14% by weight, preferably from

CoM3st phi@% byhdwiights rrakeprespeef et apl Fypbr ah 2 ittes4%t
by wei ght, based on the catal yst. The carbon is carbon

CoME8r bynee of M anMyYatiLs @ohlichpeehebabl yight ric acid.
When the content is 2% by weight or |larger, the G oup

desf1FRLA7 23U Ca!c%?ﬁxhyt%oérﬁ@n@ €REPLEX i vEORROWRd fyrt h
the organic acid on the catalyst surface. In this

desﬁia&?llrn aﬁ:’l% ra%'r@sfwt?ﬁf@ll%guﬁné H%h@le WhicGh a1 Bst

ormof a co ex 1n the step of
syl.fj al f ri h ulfidatiion
havg S hidr s o Rt I%f% R R
~active sites for desulfurization (e.g., a
pre%ﬁ@%ﬁp%'ase Ni MoS phase, etc.) are sufficiently
for and.h nce Co9S8 .23 or '\3352 whi cg areii nactive
spec g BFig 5 BFORS T A &S e %m% %%Ft gnd
ni ckel, and a cobalt s i nel L t he
prefigqrekise B8 45R or pord EHVFFYsﬁgpg £ C |y5’ ﬁ@%%t
formed, so that the case is preferable. \Wen the
red¥sRce Mvigtd cet e F_CHI9F By O &eﬁblﬁtfa{:?re a&Rd P8¢ RIS

Goup 8 netal can sufficiently forma
volume of the catalyst and the activity deterioration is

less apt to occur owing to no increase of acid amount and
no invitation of carbon deposition.

The content of carbon is from 2 to 14% by weight,
preferably from 2 to 10% by weight, and more preferably
from 2 to 4% by weight, based on the catalyst.

The carbon is carbon derived from an organic acid,
-preferably citric acid. When the content is 2% by weight
or larger, the Group 8 metal sufficiently forms a complex
compound with the organic acid on the catalyst surface.
In this case, it is presumed that the Group 6 metal which
is not in the form of a complex in the step of
presulfidation is sulfidized prior to the sulfidation of
tﬁe Group 8 metal in the step of presulfidation, whereby
actiﬁe sites for desulfurization (e.g., a CoMoS phase,

NiMoS phase, etc.) are sufficiently formed and hence CosSg
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conpl ex conpound with the organic acid on the catal yst
surface. On the other hand, the Goup 6 netal does not
forma conpl ex conpound with the organic acid, and the
excess carbon derived fromthe organic acid does not
remain on the catal yst surface, so that the case is
preferable. Wien the Goup 6 netal has forned a
conplex with the organic acid, the Goup 6 netal is
or Nig¥d diwbddh sinflinareblise yshpehethefstbe Faceh SHmetrls
Goup 8 netal in the activation (sulfidation). It is
suclpresugedathaendnnicke lsuldidia i erha kit swenelt esiftdel
desul furization (e.g., CoMS phase, N MS phase,
spieét. pratbendt kef bipeicdmd yindarpedated ihi suppads to
the formation of CogS8 or Ni 3S2, which are inactive
latspeeksearef nblie fGrmep ,8 setidist sticd assecbbapredirdable.
ni ckel . Furthernore, the excess carbon is causative of

a decseasiee | GoREkhYi bY baeddse iid 10vess weight or
desul furization- active sites during the stage of

smaSUbhi dahieoB raspA sC et aiStc 4201 SORFidfeh P19 8Emt @
enhance activity in the hydrodesul furization and

comPeey! LHRLER/NON1¢h 3% Wilgadhe asphabystnef chh1yst
I nvention should have the conposition described above

cur BBt e ald ey AL temaohece: SoBEk b
forﬂigwgbﬁﬁiex compound with the organic acid, and the
excess carbon derived from the organic acid does not
remain on the catalyst surface, so that the case is
preferable.

When the Group 6 metal has formed a complex with
the organic acid, the Group 6 metal is sulfidized |
simultaneously with the sulfidation of the Group 8 metal
in the activation (sulfidation). It is presumed.that in
the sulfidation, active sites for desulfurization (e.qg.,
CoMoS phase, NiMoS phase, etc.) are not efficiently
.formed and this leads to the formation of CoeSs or NizS:,
which are inactive species of the Group 8 metals such as
cobalt and nickel.

Furthermore, the excess carbon is causative of a
decrease in activity because it covers desulfurization-

active sites during the stage of sulfidation as a

catalyst pcison.
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The specific surface area (as determ ned by the

ni trogen adsorption nmethod (BET nethod)) of the
catalyst is about from 150 to 300 nR/g, preferably
about from 180 to 280 nk/g. Wien the specific surface
area is 150 n2/g or larger, the Goup 6 netal and

G oup 8 netal, which each are thought to be present
in the formof a conplex (the Goup 6 netal has

coor dnnatredrt aphogphoré caacidite Lornghea heteropoly
acid, while the G oup 8 netal has coordinated to the

hy OB €] 86 Uz 401 AT Ahandesgaferatizaldiidch ol eXdil paehe
isin a sufficiently highly dispersed state on the
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As a result, it is easy to precisely regulate
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I dat 1 on, ereby a catal yst having high
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% L snaller, the pore di ameter becone not
po?%ﬁ%&%% F9 smal | so 25 that this catal yst has not so

swallhfore di, ter hence des Ifurlzat

[
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di ffusion of sulfur conpounds |nthﬁg e cat EOE
ni$K0geR | AEPERPELPReMBEE A ditie THH* | fad °GaBa1 55
~ determned b the nercury penetratlon nethod |s from
is pplzoyp H remnﬁﬁa to 300 m“/g, preferably about from 180

to 280 m?/g.

When the specific surface area is 150 m?/g or
larger, 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 phosphoric acid to form
a heteropoly acid, while the Group 8 metal has
coordinated to the organic acid to form an corganometallic
complex), each is in a sufficiently highly dispersed
state on the catalyst surface even when each metal
complex is bulky. As a result, it is easy to precisely
regulate the formation of the aforementioned active sites
through sulfidation, whereby a catalyst having high
desulfurization activity is produced. The;efore, the
case 1s preferable.

When the specific surface area is 300 n@/g or

smaller, the pore diameter become not remarkably small so
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preferably fromO0.3 to 0.5 m/g. Wen the pore vol une
is 0.3 m/g or larger, the catal yst has sufficient
desul furization activity in hydrotreating because the
di ffusion of sulfur conmpounds in the catal yst pores is
sufficient, so that the case is preferable. Wen the
pore volune is 0.6 m/g or smaller, the catal yst has
not exceedingly small specific surface area and

‘thadi $hessidaitlaitys ofhadhenact svesmel al poirs nldtmedwar,edind
The resulting catal yst hence has high desul furization

henaet deisty,f154 ddtaton hectchsetysipr riérabreathey average
pore dianmeter of the catalyst, as determned froma

redh@k8 Yez@u¥StHHOWI oM 9DbAI BedshY Flhike cof@itiids into
penetration nethod, is about from65 to 140 A

the%%ft%rlgmy;ﬁﬁ% f&om PO it 9eABO A nore preferably 96
to 130 A "Wien the average pore dianeter is 65 A or
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and henc esul furization reacti‘ons procee
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diffusion of sulfur compounds in the catalyst pores is
sufficient, so that the case 1s preferable. When the
pore volume is 0.6 ml/g or smaller, the catalyst has not
exceedingly small specific surface area and
dispersibility of the active metals is not lowered. The
resulting catalyst hence has high desulfurization
activity, so that the case is preferable.

The average pore diameter of the catalyst, as
determined from a pore size distribution obtained by the
mercury penetration method, 1is abput from 65 to 140 A,
preferably about from 90 to 130 A, more preferably 96 to
130 A. When the average pore diameter is 65 A or larger,
reactants are apt to diffuse into the pores and hence
desulfurization reactions proceed efficiently, so that
the case is preferable. When the average pore diameter

is 140 A or smaller, diffusion into the pores is
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pore diameter distribution of the catalyst, i.e., the
proportion of pores having a dianmeter which is within
about 15 A based on the average pore dianeter is
regul ated to be 30 to 75% preferably 35 to 70% nore
preferably 40 to 60% Wen the proportion is 75% or
smal l er, the conmpound to be desul furized is not
limted to specific sulfur conmpounds and all the

sat34lcheh c9QREIN G + Saa bes@esutéunirzadp fsahchatortde is
- case is preferable. On the other hand, when the

notprr% O on ds 30 AU rFeEPete sPOEEFikOsuGTRldd RItdNDE
esul furization of gas oil do not increase and, as

thea cra%%kligﬁt tcg@ gesubdurizati gng %ﬁte' Vieky: 19908, ra:catalyst

crease. Moreover, the catal yst of the

present. t preferably one wherein an
hasa é%gﬁb nu &]éégl%ﬁey[aninated | ayers of the Goup 6

(o afgnobter, i3 B Ak RYPEERIN fhatEt! 43 ghagived

Si'on el et ron n1croscope a
sul fidati treatnent LS fro
safipfeidghft I%%ﬁ%nﬁﬁ98F§ﬁFFP5§ 8F Fﬁ %ﬁq:éyg%%ldﬁﬁare
formed on the inorganic oxid upp 7 not_on
Por@W@I‘f%tﬁ%c‘?é%%%lgﬂglEBnchghgr &8 %é”flyt%é At y
but al so have active sites, §1phase
PrOVES Phazk, POFEE hBaViRe, af Sﬁﬁﬁ‘ﬁtt%ﬁﬂé} HohetEinin
catal ysts wherein the average nunber of such | am nat ed

abdwyetrlsS ik 9aSedrohather aiavegrobogs Iddragee irlopb? ti on

of lowy active Type | sites of a CoMbS phase, N MS
repllesiesd to be 30 to 75%, preferably 35 to 70%, more

preferably 40 to 60%. When the proportion is 75% or
smaller, the compound to be desulfurized is not limited
to specific sulfur compounds and all the sulfur compounds
can be desulfurized, so that the case is preferable. On
the other hand, when the proportion is 30% or larger,

- pores not contributing to desulfurization of gas 0il do
not increase and, as a result, the desulfurization
activity does not remarkably decrease.

Moreover, the catalyst of the present invention is
preferably one wherein an average number of the laminated
layers of the Group 6 metal disulfide such as molybdenum
disulfide observed through a transmission electron
microscope after a sulfidation treatment is from 2.5 to 5.

Namely, these layers of molybdenum disulfide or the

like, which are formed on the inorganic oxide support,
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or the Iike and hence have high activity, so that the
case is preferable. On the other hand, highly active
Type Il sites of a CoMbS phase, N MoS phase, or the
like are formed and absol ute nunber of the active
sites is not reduced in catalysts wherein the average
nunber is 5 or smaller. Consequently, these catal ysts
exhibit high activity and hence the case is

notprefler admwve | pot hhereagar dheasopiacdgraats of R
transm ssion electron mcroscope for the anal ysis,

cattaioset dapabdbsof havesaakliyeobséms,ng tthe o y&&'S phase,
the Goup 6 netal disulfide such as nol ybdenum

NiMissyifd sle, | drt brenlirke; dbrm2@0 tdre mmine. pefowaedd, of
view are enpl oyed. Furthernore, the in-plane-direction

catBngds ofhegéshl thdeakayawe ofunihke GDupuciet Bhsisatad
as the nolybdenum di sul fide, observed through a

layd@Si| S8i 9norel geheenhalver 9R0R lsrgalipebbyrtiom df
to 3.5 nm preferably from2 to 3.5 nm on the

loﬁ%ﬁ”é@%ﬁvgh@yb@'ﬁl§@%é@i%&C%FQ%Mdﬁﬂﬁﬂhé%,1NfM&9rphase,

ger 1s preferable because the cobalt and ni cke

or cﬁ’F fPrPLa, 28 AEUALE HRYLAR; H%‘@:iﬂ?ﬂ;ﬁcoﬁ di Rt ethe
Su ? (0]

ur structure owng t resence of” nol ecul es of
co B RORRRPL UL Ser0Cod IIL KR, Lngg stonte
gk LS 38T LoD RS iR SBen el ppden e
arSJggrgégfgﬁabgﬁs%%%%%§%dﬁg%fng¥ﬂ%ﬁg Qg 1§é sites is not
reduced in catalysts wherein the average number is 5 or
smaller. Consequently, these catalysts exhibit high
activity and hence the case is preferable.

In this regard, as photographs of the transmission
electron microscope for the analysis, those capable of
visually observing the crystals of the Group 6 metal
disulfide such as molybdenum disulfide in the number of
200 or more per field of view are employed.

Furthermore, the in-plane-direction length of
disulfide layers of the Group metals such as the
molybdenum disulfide, cbserved through a transmission
electron microscope, is suitably from 1 to 3.5 nm,
preferably from 2 to 3.5 nm, on the averade.

The in—planeudirection length of 1 nm or larger is

preferable because the cobalt and nickel can form a
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of edges is not reduced owing to no increase in size
of nol ybdenum di sul fi de crystals and hence active
sites of a CoMdS phase, N MoS phase, or the |ike can
be secured in a sufficient nunber. In this regard, as
phot ographs of the transm ssion electron m croscope
for the analysis, those capable of visually observing
the crystals of the Goup 6 netal disulfide such as

squERley di spbé i gentacbbedthnaer sofl £120G torummues per
field of view are enpl oyed. The catal yst of the

owindy e i favddgo £ hgo pEepeeki 8F ndageddirmh abiowel f5de or
preferably obtained by the process of the invention
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preferably obtained by’ a process which conprises
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Fei nabove on an inorgani c oxi

- support having the_ propertie eSCrL.l S

or FHEFLRT ot coRTal ARG CE La i BT oon Al i F L it g e
Group 6 netal, a.conmpound_containing the C}oqg 8.
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_ by drying. Specifically, for exanple, the.groce S is

o LRI b AU b 1 UP nF UGG I A THG AT L oxT fikes OF a
support with a solution containing the compounds and
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containing a G oup 6 netal
sufficient number.

In this regard, as photographs of the transmission
electron microscope for the analysis, those capable of
visually observing the crystals of the Group 6 metal
disulfide such as molybdenum disulfide in the number of
200 or more per field of view are employed.

.The catalyst of the invention having the properties
described above is preferably obtained by the process of
the invention which will be explained below.

Namely, the catalyst is preferably obtained by a
process which comprises supporting at least one of the
_aforementionéd Group 6 metals, at least one of the
aforementioned Group 8 metals, phosphorus, and carbon in
the respective amounts shown hereinabove on an inorganic
oxide support having the properties described above,

using a solution containing a compound containing the
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to be used in the above inpregnating solution include
nmol ybdenum tri oxi de, nol ybdophosphoric acid, anmoni um
nol ybdat e, nol ybdic acid, and the |ike. Ml ybdenum
trioxi de and nol ybdophosphoric acid are preferred.
Such conpounds are added to the inpregnating solution
in such an anobunt that the resulting catalyst

contains the Group 6 netal in an anount within the

Groignge meshown dhes@hpabniecobxanplies afhd vragnpounstal ,
containing a G oup 8 netal include cobalt carbonate,

an Hryeeli caibopat £ad Cﬁlb@lsfyho@ﬁ_br alke d; oAU d b k&}ﬁlng
citrate conpounds, coba nitrate hexahydrate, nic
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deconposition rate is Iow, such a highly actlve phase
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trioxide and molybdophosphoric acid are preferred.

Such compounds are added to the impregnating
solution in such an amount that the resulting catalyst
contains the Group 6 metal in an amount within the range
shown hereinabove.

Examples of the compound containing a Group 8 metal
include cobalt carbenate, nickel carbonate, cobalt
citrate compounds, nickel citrate compounds, cobalt
nitrate hexahydrate, nickel nitrate hexahydrate, and the
like. Cobalt carbonate, nickel carbonate, cobalt citrate
compounds, and nickel citrate compounds are preferred.
Particularly preferred are cobalt citrate compounds and
nickel citrate compounds that have a lower deccomposition
rate as compared with cobalt carbonate and nickel

carbonate.

Namely, when the decomposition rate is high, the
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nmol ybdenum di sul fide or the |ike. Exanples of the
above cobalt citrate conpounds include cobalt (11)
citrate (Co3(C6HS07)2), cobalt hydrogen citrate
(CoHC6H507), cobalt citrate oxysalt
(Co3(C6H507) 2. COO), and the like. Exanples of the
ni ckel citrate conpounds include nickelous citrate
(Ni 3(C6H507)2), nickel hydrogen citrate (N HC6H507),
cob&i €kek filkketi tthate aoxysal t1{NeB(ECephE)21N Orpnattie
the like. The citrate conpounds of cobalt and nicke

dis€apihe 1RNedeced ithd he-digd |mntA0s NBasE! asl ol b dease,
of cobalt, the conpounds are obtained by dissol ving

resﬁ?p§£b Qﬂrgﬁg%k%ldﬂéﬁ¥1fBEﬁ%@ﬁoﬁObEtEOH19519lhbtﬁve
acid. "Acitric acid conpound obtained by such a

CoMggtﬁﬂgsgayNQﬁo%s B | tod Stné N eRkal Y3t BPHER2EA, Ofvhen
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salicylic _acid, malonic acid, and t he
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citrate (CoHCeHs07), cobalt citrate oxysalt

(Cosz (CgHs07)2.Co0), and the like. Examples of the nickel
citrate compounds include nickelous citrate (Nis(CeHsO7):2),
nickel hydrogen citrate (NiHCgHs07), nickel (II) citrate
oxysalt (Niz(CgHs04)..N1i0}), and the like.

The citrate compounds of cobalt and nickel can be
produced in the following manner. In the case of cobalt,
the compounds are obtained by dissolving cobalt carbonate
in an aqueous solution of citric acid. A citric acid
compound obtained by such a method may 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

amount within the range shown hereinabove.
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conmpounds contai ning substantially no sulfur as the

organic acids. Wen citric acid is used as the organic

acid, the citric acid may be in the formof citric

acid alone or may be in the formof a citric acid

compound with a G oup 8 netal such as cobalt or

ni ckel as nentioned above. It is inportant that the

organi c acid should be added in such an anmount that,

car bemangimisn® § thdeorgomt eneciad Applidredidbdve i d

the resulting catalyst. It is advantageous that the
noraddidioine anoibtriof arfeydrighni cisacitriel acive mwlie acid,

Group 8 netal is such that the nolar ratio of the
tarfgend ca@tdd/ Gxalupc8anetal susdirdm GRido glluaric acid,

preferably from0.6 to 1. The nolar ratio of 0.2 or
adipr@esicis, ppehepabl acibecabsactd vecisd t essophthalic

attributable to the Goup 8 netal are sufficiently
acobt abpedo,YWhenathe,r abiienic kA O asdBtheriikde Citric

I mpregnating solution has not so high viscosity and

LEe hQr otRe-supnarti noe stepifosstanet thakee

acﬂ%2ﬁ§?§ﬁgdghg§t%§ gg??be netals may infiltrate 32
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achieved.gnd thus the case is preferable.
;o

CTER thefOYE, it is advant ageous that the addition

Aoty o e OL0R0LE 561018l o) Whd S AOLAL O e
ci%Pfc acid may be in the form of citric acid alone or
may be in the form of a citric acid compound with a Group
8 metal such as cobalt or nickel as mentioned above.

It is important that the organic acid should be
added in such an amount that carbon remains in the
content as mentioned above in the resulting catalyst. It
is advantageous that the addition amount of the organic
acid relative to the Group 8 metal is such that the molar
ratio of the organic acid/Group 8 metal is from 0.2 to
1.2, preferably from 0.6 to 1.

The molar ratio of 0.2 or larger is preferable
because active sites attributable to the Group 8 metal
are sufficiently obtained. When the ratio is 1.2 or
smaller, the impregnating solution has not so high

viscosity and hence the time for the supporting step does

not take much time and the active metals may infiltrate
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nolar ratio of the organic acid/[(Goup 6 netal) +

(Goup 8 netal)] is 0.35 or snaller, preferably 0.28

or smaller, nore preferably 0.26 or snaller. The

nolar ratio of 0.35 or smaller is preferable because

t he excess organic acid which has not forned a

conplex with the netal does not remain on the

catal yst surface. When the organic acid remains on
fultlRe icatal yste susdace, of hehacsuppay tf bewlsdts, toydilief a

with a feedstock oil in the sulfidation step. Exanples
wel0f dih phasphot i €e ast dthackudé veametad s plosptivréwed and

aci ds such as orthophosphoric acid, metaphosphoric

thiu@Citthe RYASPhospbeeEerasid. triphosphoric acid,
tetraphosphori c acid, pol yphosphoric acid, and the
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phosphorlc aci d, nol ybdophosphoric acid may be
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g., citric acid
acid, tartaric a |d F%Q used # eth %ho 35
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When an organic acid is used t ere are cases_where .
or c3rBbher is preferable because the excess organic acid
which has not formed a complex with the metal does not
remain on the catalyst surface. When the organic acid
remains on the catalyst surface, the acid may flow out
together with a feedstock oil in the sulfidation step.
Examples of the phosphoric acid include various
phosphoric acids such as orthophosphoric acid,
metaphosphoric acid, pyrophosphoric acid, triphosphoric
acid, tetraphosphoric acid, polyphosphoric acid, and the
like. orthophosphoric acid is particularly preferred.
As the phosphoric acid, molybdophosphoric acid may
be used, which is a compound with a Group 6 metal. In
this case, when the phosphorus content in the resulting
catalyst is lower than the lower limit shown hereinabove,

phosphoric acid is further added.

When the compound of a Group 6 metal or the
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derived fromthe organic acid remains in the catalyst
obtained. It is therefore inportant to regulate the
carbon content in the catalyst to be within the range
shown above. In the above inpregnating solution, the
solvent to be used for dissolving the above
conponents is water. Wen the anobunt of the sol vent
used is too snmall, the support cannot be sufficiently

compBRhagRE ed.c \gn ¢ heet Aoasksi Sotogulfd@igeenalgart of
the active netals dissolved is not supported on the

disSHRRRr ti rAnthd efbNsyn 2Ehesesb1t01bA¢ BhMaaAd @hReS as
parts of the container for the inpregnating solution,
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obtai ned.” Consequently, the anbunt of the solvent is
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ions is not increased and the coordination ability
carfernesi tert obyabhe @efalHfA§ tRebe within the range

shown above.

In the above impregnating solution, the solvent to
be used for dissclving the above components is water.

When the amount of the sclvent used is too small,
the support cannot be sufficiently impregnated. When the
amount is too large, a part of the active metals
- dissolved is not. supported on the support and remains
adherent to the rim and other parts of the container for
the impregnating solution, so that the desired supporting
amount cannot be obtained. Consequently, the amount of
the solvent is from 50 to 90 g, preferably from 60 to 85
Q, per 100 g of the support.

The impregnating solution is prepared by dissolving
the respective components mentioned above in the above

solvent. At this time, the temperature may be higher

~than 0°C to 100°C or less. So long as the temperature is
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Goup .8 netal is strengthened and thus formation of a

-conplex of the Goup 8 netal is accelerated. As a

result, the nunber of the active sites for

desul furizati on (CoMbS phase, N MoS phase, or the

i ke) can be greatly increased and hence the case is

preferable. . The inorgani c oxide support is

i npregnated with the inpregnating solution thus
witiWiepanetk toakder ebiedepovet relhecaione degpenrdntve can be

conmponents contained in the solution on the above

satiNOFraan £1 0¥ dessoppent inThed rpnegsat.i on may be
conduct ed under various conditions. However, in

generql,, ' NS+ ONi mb BEPRE AL HEE sbIuRfieherabl y
highggeiﬁ%ﬂgg%ﬁgﬁg I ower %ﬂ%ngelooc,ﬁngreupﬁéfeﬁébly

pr%e?%k%%ti)oégg +A9H BOSt yrRLefierARY 4 omds £0a8308, the

egnatiron period is preferably from 15 m nutes
iy o e RERY SRR er A8 PO AR Seh o B 1oL hour.
ORGP dBPE G VN S Bariate GO THEUATh 17 B
orSPSIETER: ot D o5, PO ot Bon of

i npregnation. After the so]lution inpregnatjon,_ the
CompERF EontBRt CHONE dhleR t ol 8oRECAOGFEE o S 71 BREULE/

on ignition) of about 50% or |lower) at_a tenperature
thefnwpbatt efpéhat aCd 1o SAtAR %@C@ﬁ‘fﬁ%lﬂi’lﬂ%gghmar (GpHos

stream or in vacuo. . \
phase, NiMoS phase, or the like) can be greatly increased

and hence the case is preferable.

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

.. The impregnation may be conducted under various
conditions. However, in genergl, 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 from 15 minutes to 3 hours, more preferably
from 20 minutes to 2 hours, and most preferably from 30
minutes to 1 hour.

When the impregnation temperature is too high,

drying may occur during the impregnation, resulting in

35



Thereafter, drying is conducted in an air or nitrogen
stream or under vacuum at a tenperature of 200C or
| oner, preferably from80 to 200C for a period of 10
mnutes to 24 hours, nore preferably from 100 to 150C
for a period of 5 to 20 hours. Wen the drying is
conducted at a tenperature of 200C or |ower, the
organic acid, which is thought to be in the formof a
uneCenpleds Wit it M @tee i sfn@ispekeasad fltomst pereferable
catal yst surface. As a result, it is presuned thatit
to k%i9aThd Guibfact sedyriegutnt eihpechaamabnan of the
above active sites (e.g., CoMbS phase, N MS phase,

et c. ArtBySuhl dahinen of ﬂﬂﬁ%ééﬁéﬂiéﬁg €Réahysbr abBdtent
that Co958, Ni 3S2, etc. are inactive species of

is “r% deNY, U %(echeé‘fgen%ofﬂbfﬁ‘EQlég‘% e @ﬁelrtqgﬁl of

er of the am hated [ayers of the G oup 6 netal

aboglt UﬁJan de. Sluocw ?ys gavgggagyg%' gfd%oos ftre‘i’r?ﬂezrasche

nely, a esul furiza

d h
SHS s FEoERrPoB) DRSSy DSR2 g nce

vacuo, the. 36 drying i ef.er. abl conducted SO as to
Therss %F%f@?%ﬁ%@e¥s gﬁﬁépggﬁgelpaﬁ A M Tgegee

pressure at 760 The ran e of the S§§ure at
stoam %1 WedeE FoEUE ELFE‘?aBEy 0Ct & TggPwer

f bl 730 t
pr s | £ c%{lﬁ%&?@rﬁeogpeseare PaRdRY o hbopeteg to

the drying is 300
24 hours, more preferably from 100 to 150°C for a period

of 5 to 20 hours.

When the drying is conducted at a temperature of
200°C or lower, the organic acid, which is thought to be
in the form of a complex with a metal, is not released
from the catelyst surface. As a result, 1t is presumed
that it is easy to precisely regulate the formation of -
the above active sites (e.g., CoMoS phase, NiMoS phase,
etc.) in sulfidation of the resulting catalyst, and that
CosSs, NiszS,, etc. which are inactive species of cobalt and
nickel are not formed and the average number of the
laminated layers of the Group 6 metal disulfide such as
molybdenum disulfide is from 2.5 to 5. Namely, a
catalyst having high desulfurization activity is produced
and hence the case is preferable.

However, when the drying is conducted in vacuo, the
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hi gher, the boiling point becones not higher than 200C
in terns of pressure at 760 mMHg, so that the organic
acid whichis inthe formof a conplex with a netal
is not easily released. The organic acid, which is
thought to be in the formof a conmplex with a netal,
is not released fromthe catal yst surface and, as a
result, it is easy to precisely regulate the

drfiergratd asx of e tdiel abovrdactibdesositses o ead.is GoMi8 above
phase, N MbS phase, etc.) in the sulfidation of the

teRYH iYW £ahgbysh, tanflsCo@SPrelisITL atet60 winkd. arthe
i nactive species of cobalt and nickel are not fornmed.

ran®l ¥, + 19 Catalystehavi REehiuelyindesy fard zad i900 mmHg,
activity is produced and hence the case is

pr%{é | 250! Bot BS0i AHARL | BBret Be N ©Bf 13@ to 800

alyst 1s not particdalarly limted and may be any
f vario h i,hatil - i s kind
T N s LI R A
guadl obe ape._ |l n_ genesal t |.Ze :Qf e lyst
i's pbﬁv%%§%F§I§ﬁ% S?%%tgfh%hedﬁgxgbérl%s3g@out réﬁfl
to 2 mmand the length is about 37 from2 to 5 .
highehantal Lot LéRgt ROGR Tt RECORER Yt Hrher n%hargfgggﬂg n
crushing strength (SCS), is preferably ,about 2 .1bs/
teghS TP GBFSSAHER Cho TSRS TBH he iy ST SO GRRHE TR
that value, particles of the catalyst packed into a
whi@act er 18r shgedorayed Poﬁﬁ%ﬂ%%ﬁeyﬁiQw Jigfel 1s not

di fference _ . . _
easily released. The organic acid, which is thought to

be in the form of a complex with a metal, is ﬁot released
from the catalyst surface and, as a result, it is easy to
precisely regulate the formation of the above active
sites (e.g., CoMoS phase, NiMo$ phase, etc.) in thel
sulfidation of the resulting catalyst, and CoeSg, NisSs,
etc. which .are inactive species of cobalt and nickel are

- not formed. Namely, a catalyst having high
desulfurization activity is produced and hence the case
is preferable.

In the invention, the shape of the catalyst is not
particularly limited and may be any of various shapes
ordinarily employed for this kind of catalyst, e.g., a
cylindrical, trilobe, and quadlobe shape. In general,
the size of the catalyst is preferably such that the

diameter is about from 1 to 2 mm and the length is about
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within the reactor, making the continuation of
hydrotreating operation inpossible. The conpacted bul k
density (CBD) of the catalyst is preferably fromO.6
to 1.2 g/m. The state of distribution of the active
nmetals in the catalyst is preferably of the uniform
type in which the active netals are evenly
distributed in the catalyst. The hydrotreat nent

froRf 9cesssofimt.he i nventi on conprises bringing a gas oil
fraction containing sulfur conmponents intocontact

Wi t hrt e 800381 68l ak¥sbnyhdeb ft e condilyams Di Berms
hydrogen partial pressure of 3 to 8 MPa, a

of EEFIQ%%% ng{ s?&%ﬁ@%rfﬁ&%sﬁ,ndi@ FaEEgaBoYr by osRace
vel O .

city o 3to hr-1 to desulfurize the gas oi

lbs?ﬁﬁcggoﬂi@ﬂ%émeﬁE%(ﬂﬂgr%@@.%?etﬁ | £4E2600P0YRAS pwer

ncl udi ng s ur conponents difficult to renove, which

are.contai.ned in the o} | agcti h ug j 1
thaﬁbggﬁﬁega&yﬁﬂu?ﬁﬁ%ﬁ%éégkﬁft%%é %%E§2XFEiﬁeg%%?b%EggLa
have a sul fur_content and a i trogen ent.,
reafhan PhesGTITANGY By S RYAT L eBt PR L BT ddeense
. the conventional art.. For practicin %he
withygr SPredERSTO Tor EHeP B TR hIBRRT 6770 Ta
commercial scale, hydrotreatnent nmay be conducted by
hydgpgvieditigih Thseat B3y, 1S H4Pb8d, or 1 ui di zed- bed

type catal yst |ayer of the Qataléft of the .invention
in aTheacpBPACREr biddi Mgns e dEtRidk of I thatpatalyst 1s

preferably from 0.6 to 1.2 g/ml.

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

The hydrotreatment proéess of the invention
comprises bringing a gas oil fraction containing sulfur
components into contact with the above catalyst under the
conditions of a hydrogen partial pressure of 3 to 8 MPa,
a temperature of 300 to 420°C, and a liquid hourly space
velocity of 0.3 to 5 hr™ to desulfurize the gas oil
fraction and thereby diminish the sulfur compounds
including sulfur components difficult to remove, which
are containéd in the gas oil fractioﬁ.

The product oil obtained by the process of the
present invention can have a sulfur content and a

nitrogen conteni lower than those obtained by
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this reactor, and reacting it under the conditions
descri bed above. In the nost conmmon case, 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 fromthe
upper to the lower side thereof. The product oil is

di scharged froma | ower part of the reactor. The
hyd¥@Oeesst Digt bechnygneson fmayebe om veinrtgl cenaslt aget .
hydrotreatment process in which a feedstock oil is
treatmed igrat8idigl$ f1each pir paekedmshthptrbecsat alfysthe
of the |nvent|on or may be a nultistage successive

mxh:y P&ﬂe@ﬁ@n&oﬁﬁe%:ﬁli BAMieGh seMeBled@RG1 ©Bay be
ed with the catalyst are used. Before being used

coﬂdué% dpﬁ °ﬁrh91ﬁgﬁg By ¢ Yt LM BNt RFRGESSe @f dhe

|nven I on e catal yst of the invention is

L GER VAPl AT L9005 PO oot o ene

4 nmen con usrng a s
. t d
BTN | R,

di sul fi or carbon_disul.fide d e
on {5 ¥eatar . aenfonparboite of bR ot 6P EERy
250 to 350C wunder a hydrogen atnosphere having a
de%?ﬁ%%@@naBQWﬁlal pressure of ordinary pressure or

hi gher. Through the sulfldatlon treat
Ca?aFV%t mgst common case, xedﬂ%ed 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 upper to the lower side
thereof. The product oil is discharged from a lower part
of the reactor.

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

Before being used (i.e., prior to the
hydrotreatment process of the invention), the catalyst of
the invention is activated by sulfidation in the reactor.
The sulfidation treatment is conducted using a sulfur

compound-containing petroleum distillate and, added
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the invention forns |am nated | ayers of a Goup 6
metal disulfide such as nol ybdenum di sul fi de having
an average |anminated |ayer nunber of 2.5 to 5 and an
average in- plane-direction length of 1 to 3.5 nm

Al so, the catalyst fornms highly active sites of a
CoMbS phase, N MS phase, or the like fornmed in
rimedge parts of the nolybdenum disulfide or the

thdddk®, |d gener@l zing pesentuchhessiineiting ofidikefide
active sites wi dely recogni zed as active sites of

or Ccaél%aiwﬁtélé@IﬁQ@S%fsuag;m;l O dirS @ rCeVMDS iphase: AN MS
phase, or the i ke proposed by TopscDe et al. (N. Y.

%&&2{%@ H;fT?@@(PS 409° cCaE@efe%bl%ﬁ@E(ol?}&ﬁ)%o c

et al. have found t as a‘result of
undgl B8 HE O P Ao ?%?%Z?%ﬁhsﬁec%op%pﬁ%#aﬁ% v
pr%%%tﬁ%e b 2%%?“12?%425% N B e
Absorfee ét?weevéﬁﬁf#%?m%ﬁoﬁgé?b 50 the saiiyst of
iy AU GL bhaf OSiEn ETRer h%%%%cfﬁ ey iv%aﬁf%’%

phase effectively covers the edge sites

di %%& Bhgst sughverghail yhdeesm %ﬁuz%%dc?h %‘H%t@n W%ﬁage

the catalyst of the invention is observed on a
lamingtee- FovpechunberFPrl R-&f ther S ANd diit i DTS2t HRnt

_ and subsequent NO adsorption, a value of the 18
pl@m@ugi(egtion length of 1 to 3.5 nm. Also, the

catalyst forms highly active sites of a CoMoS phase,
NiMoS phase, or the like formed in rim-edge parts of the
molybdenum disulfide or the like.

In general, at present, the structure of the active
sites widely recognized as active sites of catalysts for
desulfurization is a CoMoS phase, NiMoS phase, or the
-1ike proposed by Tops®e et al. (N-. Y. Topsde, H. Topsde,
J. Catal. 84, 386 (1983)). Tops®e et al. have found that
as a result of investigation on the surface of a
CoMo/Al,03 catalyst by Fourier transform infrared
specitroscopy (FT—IR) after sulfidation treatment and
adsorption of NO as a probe molecule, the higher the
desulfurization activity of the catalyst is, the larger
the absorption derived frbm the Co side and the smaller

the absorption derived from the Mo side. They have
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group + 16 group) is within the range of 0.7 to 1
wherein intensity of NO spectrum (1840 cm 1) adsor bed
on the Goup 8 netal is represented by 18 group and
intensity of NO spectrum (1700 cm 1) adsorbed on the
Goup 6 netal is represented by 16 group. The val ue
of 0.7 or larger is preferable because the CoMS
phase, N MbS phase, or the like, which is thought to
pra¥finaad i theaiSidesh farplesohérohzatcats becaidd ixieMdy
formed and hence enhanced desul furization activity is

phadd 'aéf@btiﬂ@en?n&b@eeg aheVvEost hedyal setes ipr ef eaakllyst
~in the range of 0.7 to 1. Wien the value is 1, a

haviP S RiRsEe s N M2Si Phasen akthikethi ke, which is active

sites for desulfurization, is sufficiently formed in

i gedge iy s ofy e gl bdenyi gl subf ide B cihea on a

i ke an hence gh desul furization activity is
ai §éyfgff%c§@$Hé %?Qﬂa”gf%%% REAE 1 Qf NS Ve Pdn £ N
group netal . The® aforerent i oned Gharact eristic. of
th t al t_of the., | ' [ [ t ant
SURE R AR P TRRTRELPPed® SBIOg Odf e dnvA Tt 1
EXAMPLE Th L 1 ow, Wl d i b ' [ .
TEGH & SPRCHTTERI | YSWMEAAES SPEncatEs Bl bo i Wherein
. Conparative_ Exanples but the invention is not Iknited
inkepshey PbINOWRECEXHMpI 'S CECHmp e2dsorbed on the Group

8 metal is represented by I8 group and intensity of NO
spectrum (1700 cm™') adsorbed on the Group 6 metal is
represented by 16 group.

The value of 0.7 oxr larger is preferable because
the CoMoS phase, NiMoS phase, or the like, which is
thought to be active sites for desulfurization, is
sufficiently formed and hence enhanced desulfurization
activity is attalned. As mentioned above, the wvalue is
preferably in the range of 0.7 to 1. - When the wvalue is 1,
a CoMoS phase, NiMoS phase, or the like, which is active
sites for desulfurization, is sufficiently formed in rim-
~edge parts of the molybdenum disulfide or the like and
hence high desulfurization activity is observed without
showing any peak of intensity of the I6 group metal. The
aforementioned characteristic of the catalyst of the
invention is an important cause of achieving the desired

object of the invention.
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A powder of zeolite SHY having an Si 02/ A1203 nol ar
ratio of 6 (average particle dianmeter, 3.5 m zeolite
particles having a particle dianeter of 6 mor snaller
account for 87%of all the particles) was kneaded
together with alum na hydrate. The resulting m xture
was extrusion-nolded and then cal ci ned at 600C for 2
hours to obtain a zeolite-al um na conposite support
mprfEe form of cylindrical noldings having a di aneter
of 1/16 inch (zeolite/alumna weight ratio, 5/95;

poreryal waR, oQi fY WHYI0aSREecid Ctﬁ@riﬁesne&sa maa_:ag
n2/ g; average pore dianmeter, 93 A). To 22.3 g of

speéYkﬁﬁfmﬂgﬁﬁﬂfMggfe¥§ﬁ8ﬁaggeﬂxéﬁpgésgaﬂﬂzdHHﬁﬁfé%f%e

trate osphoric acid (85% aqueous

Fx oy U“%Jt ! ﬁ@gn@%?ﬁe%%?ﬂggﬁlﬁg%e@*%steﬂaing for

bsequen
E%P%Rh ric acid was added thereto and
#offowed by stirring at the sane
tenperature for 15 mnutes to prepare a solution for
i npregnation. At this 42 tinme, the pH of the
i mpregnating solution was 0.52. Into an eggpl ant type
Examolek Was introduced 30.0 g of the above
zeol i te-al um na conposite support. anount

of t RePabSeE .ofﬁprzeifrﬂakwgS%‘éﬂm@%ﬂgmg aaee{ﬁ 1Gre el
with a pipet and the support was i Mmersed in the

ratsiod wbf of &dvabage RBCtfiode3dhemeserTher.dafier zadblte
support was dried in a nitrogen

particles having a particle diameter of 6 um or smaller

account for 87% of all the particles) 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, 5/95; pore .volume, 0.79.
ml/g; specific surface area, 311 n@/g; average pore
diameter, 93 A).

To 22.3 g of ion-exchanged water were added 10.27 ¢
of cobaltous citrate, and 2.24 g of vhosphoric acid (85%
aqueous solution), followed by heating 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. At this
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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 A Exanple 2 To
24.9 g of ion-exchanged water were added 4.53 g of
cobalt carbonate, 12.86 g of nol ybdenumtri oxide, 5.34
g of citric acid nonohydrate, and 2.63 g of phosphoric
acid (85% aqueous solution), followed by heating to
timB0' @heansh séf rehagifipredhatiingt es lud ipme parse fa 52
solution for inpregnation. At this time, the pH of
the rApLegRatddihl 50 Wymn fBssk. wds intoodncedgplOadt g
type flask was I ntroduced 30.0 g of the sane
ot 230 I i%s L UPLOR) €0TROBI B UBRRIS 13 ISupHHAND! lie
e ol e anount of the above inpregnating solution

S tder hbBed i RibPelynatd dd e SRl wavsadded
thﬁﬁmﬁse |ng?hgﬂgo%%%i8nla? a%%ht 25C for 3 hours.

theR T hid EhELCR) ot SYE AUPRRE § B oatiagR £ the
sofoia™ 165 RBAPE 28 Sbrarn CACastt B Example 3 To
cobalqHII T tr abes anePEOLE. Heer CORaSonsr o "acrEs Tbos
StSeriAng FOPRLOTHEALLES & SIHRaTRACS 80 Hhof® it
stream at atmospheric pressure and at 120°C for about 16

hours to obtain Catalyst A.

Example 2
To 24.9 g of ion-exchanged water were added 4.53 g
of cobalt carbonate, 12.86 g of molybdenum trioxide, 5.34

g of citric acid monohydrate, and 2.63 g of phosphoric

_acid (85% agueous solution), followed by heating. to 80°C

and stirring for 30 minutes to prepare a solution for
impregnation. At this time, the pH of the impregnating
solution was 0.54.

Into an eggplant type flask was introduced 30.0 g
of the same zeolite-alumina composite support as in
Example 1. The whole amount of the above impregnating
solution was added thereto with a pipet and the support
was immersed in the solution at about 25°C for 3 hours.

Thereafter, the support was dried in a nitrogen

43



nmol ybdophosphoric acid was added thereto and

di ssolved, followed by stirring at the sane

tenperature for 15 mnutes to prepare a solution for

i mpregnation. At this tinme, the pH of the

i npregnating solution was 0.54. Into an eggpl ant type

flask was introduced 30.0 g of the sane

zeol ite-alum na conposite support as in Exanple 1.
strERen Whiel ecremuntied iheaahofé lenfuegaats rgd siol Wi ol

was added thereto with a pipet and the support was

stﬂégmréﬁdaﬁmbéﬂﬁrﬁeﬁgtupi:@asaﬁ_»eaamt a25@2f0c Fchoursout 16
Thereafter e support was dried in a nitrogen

howld 8 avdsthep dphedein.a muffle furnace and in an

alr stream at atnDspherlc pressure and at 120C for

about 16 hours to obtain Catalyst C. Exanple 4 To

21 9 of ion-exchanged water were added 10.59 g 44
ﬁ b It (Il) citrate, and 3.91 g of phosphoric acid
,ﬁaqueous sol ution), follomed by heating to 80C and

1 f
frfai oo %r%fgpr%’or? B8 ot R e o F gm0 10.42
di | d b th
_Oft%%%l sso}gsgié \A%emaﬁﬁfgsrtréo %rep ef%as?u‘fl%%l?
t ﬁﬂ t_hi H of t
aq?%%éggggihggo§bvuFP&ﬁ°%E§ﬁSWB 1ﬁ¥5f§ﬁ3eggﬁ?aﬁ? type

ot oo iSRS S8arhABITT 5800,
The whol e anbunt of the above inpregnating
molybdophosphoric acid was added thereto and dissolved,
followed by stirring at the same temperature for 15
minutes to prepare a solution for impregnation. At this
time, the pH of the impregnating solution was 0.54.

Into an eggplant type flask was introduced 30.0 g
of the same zeolite-alumina composite support as in
Example 1. The whole amount of the above impregnating
solution was added thereto with a pipet and the support
was immersed in the solution at about 25°C for 3 hours.

Thereafter, the support was dried 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 21.9 g of ion-exchanged water were added 10.59 g

44



sol ution was added thereto with a pipet and the
support was inmmersed in the solution at about 25C for
3 hours. Thereafter, the support was dried 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 D. Exanple
5 To 22.3 g of ion-exchanged water were added 8.21 g
of eboaakal tr 1)l 19itcidrat ean@. B69Y of ofii phekpbibtrriat eciahd
2.24 g of phosphoric acid (85% aqueous sol ution),
(8580llguRM HysdIeatidg) | of80Cowasd BYi heagnbortol®0°C and
m nutes. Subsequently, 17.61 g of nol ybdophosphoric

sti86iid gas addedyi des £t 0 enlsdigsatyed, 1Behisowed by

stirring at the sanme tenperature for 15 minutes to

[WeloF 5,1 e LOB. issdiwe,
mo#%%?ﬁﬁﬁ%ﬁb%ﬁ?iﬁ 20 §0fa45:58RHegNaLEEB. afld sk dl

e Inpregnating solution was 0.54. Into an

fol?.g%fe:cfl}f%t%?frgilg%kawaﬁhjangﬁﬂgu‘ﬁgﬂpég_a‘%u&e Goxd hes same

['um na nposite support as in Exanple 1.

. T I t of [ [ Iyt :
m P R P TR ot o B AR pEP T R SUSa e

imrersed in the solution_ at.about or .
tinamoridn & of nEhE uierEonak L fR SRR T ek, e
streamand then dried in a ffle furnace 8nd in

le f
air 18PedM SIMIFIpHerRT prassuyas ahd 4P 155e g@?o g

about 16 hours to obtain CataIySE E. .
of the same zeolite—alumina composlite support as 1n

"Example 1. The whole amount of the above impregnating
solution was added thereto with a pipet and the support
was immersed in the solution at about 25°C for 3 hours.
Thereafter, the support was dried 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 D.

Example 5

To 22.3 g of ion-exchanged water were added 8.21 g
of cobalt (II) citrate, 2.06 g of nickel citrate, and
2.24 g of phosphoric acid (85% aqueous solution),
followed by heating to 80°C and stirring for 10 minutes.
Subsequently, 17.61 glof molybdophosphoric acid was added
thereto and dissclved, followed by stirring at the same

temperature for 15 minutes to prepare a soluticn for
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Exanple 6 To 22.7 g of ion-exchanged water were added

8.34 g of cobalt (Il) citrate, 2.09 g of nicke

citrate, and 3.06 g of phosphoric acid (85% aqueous

solution), followed by heating to 80C and stirring

for 10 m nutes. Subsequently, 17.89 g of

nol ybdophosphoric acid was added thereto and

di ssol ved, followed by stirring at the sane
impreyperatan e for 95igi bihes theppdparfe thesdmpreamdoing

I mpregnation. At this time, the pH of the inpregnating

sol1sH i e avas,. §4 54. I nto an eggpl ant type flask was
introduced 30.0 g of the same zeolite-al unm na

Co"pQ§%Beéﬂ”§§§ﬁléﬁ%'ﬁyp@yﬁﬂ@éﬁ was Thatwbaheeadnaunto g
of the above inpregnating 46 solution was added

of tég'?ef 3o 8 pLPST uADH At BERPURAGE! s dmey sad i n

utlon at about 25C for 3 hours hereafter, the

Exéﬁé&xnf Wagy, ? ﬁglénaﬁ hErBQGQheS%%%vEfﬂﬁkféﬁﬂhﬁﬁﬁ&d

muf fl e furnace an In an air stream at
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al um na support in the form of dri cal Id|n
%aviﬁ?%%%ﬂ rerthf %Pﬁ%o¥ﬁ6“afp§¥ée of-Um&, ™ '@?

m/qg; specific surface area, 249 n?/g; aver or
streag ang then dried in a muffle furé%ce anggfnpan air

stream at atmospheric pressure and at 120°C for about 16

hours to obtain Catalyst E.

Example 6

Te 22.7 g of ion-exchanged water were added 8.34 g
of cobalt (II) citrate, 2.09 g of nickel citrate, and
3.06 g of phosphoric acid (85% aqueous solution),
followed by heating to 80°C and stirring for 10 minutes.
Subsequently, 17.89 g of molybdophosphoric acid was added
thereto and disscelved, feollowed by stirring at the same
temperature for 15 minutes to prepare a sdlution for
impregnation. At this time, the pH of the impregnating
solution was 0.54.

into an eggplant type flask was introduced 30.0 ¢
of the same zZeolite-alumina composite support as in

Example 1. The whole amount of the above impregnating
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di aneter, 100 A). To 23.7 g of ion-exchanged water
were added 10.27 g of cobalt (11) citrate and 2.24 ¢
of phosphoric acid (85% aqueous solution), followed
by heating to 80C and stirring for 10 m nutes.
Subsequently, 17.61 g of . nolybdophosphoric acid was
added thereto and dissolved, followed by stirring at
the sane tenperature for 15 mnutes to prepare a

solsiilr ofad osddenr egeattonwiAh thipdpett rand tttee pipport
t he i npregnating solution was 0.52. Into an eggpl ant

wad Yiend+ 88k yasthat kedueedn38t0apof A3fe atiwe3 hours.
y-al um na support. The whol e anbunt of the above

| Mpr @gRAtd 1% SO WHONsEiSo A dREst hekh 8o iW thnd t4bgen
pi pet and the support was imersed in the solution at

st £ egaééccﬁgﬁ 3rhadr sy Theneafitersute SURRPTin Was air

in antrogen streamand then dried in a nuffle

f ur nac ' .al m._at fospher i r e
St%ehu%m at égrgo%}rlgg glu rfgtsql}%%uragl% %11 obtain IC]g?lgl %%?H% 16

Exanple 8 To 25.4 ion- exchanged water were added
hOQE%ZP% OBFa%gbgﬁFacg%%oﬁgte, 17.61 g of

nol ybdophosphoric acid, 3.97 g of malonic acid, and

2.24 g of phosphoric acid (85% aqueous sol ution),

foll owed by heating to 80C and stirring for 30
Exgpdbeed to prepare a solution for inpregnation. At

this time, the pH of the jnpregnatin
Aluminalhygrate was kggad%d andgthe kneaded one was

extrusion-molded and then calcined at 600°C for 2 hours
to obtain a y-alumina support in the form of cylindrical
moldings having a diameter of 1/16 inch (pore volume,
0.85 ml/g; specific surface area, 249 m?/g; average pore
diameter, 100 A).

To 23.7 g of ion-exchanged water were added 10.27 g
of cobalt (II) citrate and 2.24 g of phosphoric acid (85%
aqueous solution), followed by heating to 80°C and
sﬁirring 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. At this
time, fhe pH of the impregnating solution was 0.52.

Into an eggplant type flask was introduced 30.0 g
of the above y-alumina support. The whole amount of the

above impregnating solution was added thereto with a
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solution was 0.53. Into an eggpl ant type flask was

i ntroduced 30.0 g of the sane zeolite-alum na

conposite support as in Exanple 1. The whol e anount

of the above inpregnating solution was added thereto

with a pipet and the support was imrersed in the

sol ution at about 25C for 3 hours. Thereafter, the

support was dried in a nitrogen stream and then dried
pipkR andaufhlee shypprade vand immemsadrinstheaspattion at

at nospheric pressure and at 120C for about 16 hours
aboli@ obrai Fo@atralysird] 48 Exanple 9 To 25.4 g of

i on- exchanged water were added 4.54 g of cobalt

car bpnat 8, £ L€ 6180k upRbyRdaphosphaid cimcd thitboddnd
of DL-malic acid, and 2.24 g of phosphoric acid 85%

e l4t 19Y)eq fOl | OuWRds PYe NegEhREet An80Enane aj
Strgtg#\r |(rgliltjl§jlgst gﬁé%lrﬁ%ultqlésé) At th(ias tinme, et hIe1 pH of tﬁlelr

e L B S g, 0 110,900kt o
it esal un ' in Exanple 1.
hou%%Qt@%%ﬂ%éfﬂr&%é%g?%ﬁ'é? support as In anmpl e

€ anou e above inpregnating solution
was added thereto with a pipet and the support was
imrersed in the solution at about 25C for 3 hours.
Thereafter, the support was dried in a nitrogen
Exagpl€a® and then dried in a nmuffle furnace and in an

air stream at atnospheric pressure and at 12QC_for
abouf©18>5.4 g of ioﬁzexchaﬂéed water were agg d 2.54

of cobalt carbonate, 17.61 g of molybdophosphoric acid,
3.97 g of malonic acid, and 2.24 g of phosphoric acid
(85% agqueous solution), followed by heating to 80°C and
stirring for 30 minutes to prepare a solution for
impregnation. At this time, the pH of the impregnating
solution was 0.53,

Into an eggplant type flask was introduced 30.0 g .
of the same zeolite-alumina composite support as in
Example 1. The whole amount of the above impregnating
solution was added thereto with a pipet and the support
was immersed in the solution at about 25°C for 3 hours.

Thereafter, the support was dried 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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-hours to obtain Catalyst |. Exanple 10 To 25.4 g of
i on- exchanged water were added 4.54 g of cobalt
carbonate, 17.61 g of nol ybdophosphoric acid, 4.27 g
of citric acid, 0.45 g of succinic acid, 0.57 g of
tartaric acid, and 2.24 g of phosphoric acid (85%
aqueous solution), followed by heating to 80C and
stirring for 30 mnutes. At this time, the pH of the
Exgmpteghating solution was 0.56. 49 - - - --
-------------------- Into an eggplant type flask mas
i nt r Studdd B 0% ioi-enechangedsvaterevarenassed 4.54 ¢
conposite support as in Exanple 1. The whol e anount
of ofobéhkt abavkonhapeeghdt.ibAgy o4 walopdeshaesichehieecetoid,
with a pipet and the support was imrersed in the
5. 50l it 6nDRtmabdut a256,f and3 2had g5 ofherteadplesrithecid
support was dried in a nitrogen stream and then dried
(859 agnubhibesbuunaea)andolncardity sdateany ato 80°C and
at nospheric pressure and at 120C for about 16 hours
stifrohbarprCabahyatitds Examplteikl thne2. the ©f of the
i on- exchanged water were added 10.42 g of cobalt (I1)

lmﬁfégﬁaﬁlﬁadsél%lanoma@,h%pfhaorI c acid (85% aqueous

sol utlon ol l owed by heating to 80C and stirring
for N ESqqtRSeaHepL! ¥1 éi 8959 i@t roduced 30
nDbe -ﬂ%osphor|§wacﬁd gﬁd a os ﬁunégiéﬁx%r|OX|deg

of the same zeolite-alumina comp051te support as in
Example 1. The whole amount of the above impregnating
solution was added thereto with a pipet and the support
was lmmersed in the solution at about 25°C for 3 hours.
Thereafter, the support was dried 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 I.

Example 10

To 25.4 g of ion-exchanged water were added 4.54 g
of cobalt carbonate, 17.61 g of molybdophosphoric acid,
4,27 g of citric acid, 0.45 g of succinic acid, 0.57 g of
tartaric acid, and 2.24 g of phosphoric acid (85% aqueous
solution), followed by heating to 80°C and stirring for
.30 minutes. At this time, the pH of the impregnating

solution was 0.56.
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wer e added thereto and dissolved, followed by stirring
at the sane tenperature for 15 mnutes to prepare a
solution for inpregnation. At this time, the pH of
the inpregnating solution was 0.57. Into an eggpl ant
type flask was introduced 30.0 g of the sane
zeolite-al um na conposite support as in Exanple 1.

. The whol e anpbunt of the above inpregnating solution

was addedshheket anitt ity epi Prislandas hensyuppocked Was 0 g
imersed in the solution at about 25C for 3 hours. 50

of el eafterzed et SUPP@RE n¥aSofHbed tieN sApHdrtogad in
streamand then dried in a nuffle furnace and i n an

Exadigle SiIearpat, @t POsphshhe BEG§§W R @mﬁ%ﬁ@:[ng
about 16 'hours to obtain Catalyst K Exanple 12 A

o#ﬁﬁ%&?(#QG 'Eﬁéf@@bhﬁit gaaﬁlébQZ QQQQ%%EEGEP was

aver age partl cle dianeter Zeol i te

1mPea£§‘ & fgyid 1080 th Y ogb%%”?tserc Yo 5 | qu

G%ert accoun al'l” t'he part
knea ﬁd t oget her g@th al um na hydrat e, The res It|n

m xt et (S G Hed'and f heR 441 &i Aed ot
6OOC f h bt [ it a, .
st i 2%%183@?%6?5°1§haawﬁﬁﬁﬁze%uéa%%a i it

haV|ng a dianeter of 1/16 inch (zeolite/alumn

SLRRATYHT rattosP?H8c BEFESYEFUREY 3Y69 <MY gforsp%k&‘?‘fl? ct®

surface area, 374 nﬂlg average pore dianeter, 67 A).
hours to obtain Catalyst J.

Example 11

To 22.1 g of ion-exchanged water were added 10.42Z2 g
of cobalt (II) cltrate and 3.06 g of phosphoric acid (85%
aqueous solution), followed by heating to 80°C and
stirring for 10 minutes. Subsequently, 17.89 g of
molybdophosphoric acid and 0.50 g of tungsten trioxide
were added thereto and dissolved, followed by stirring at
the same temperature for 15 minutes to prepare a solution
for impregnation. At this time, the pH of the
impregnating solution was 0.57.

Into an eggplant type flask was introduced 30.0 g
of the same zeclite-alumina composite support as in
Example 1. The whole amount of the above impregnating
solution was added thereto with a pipet and the support

was immersed in the solution at about 25°C for 3 hours.
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To 19.8 g of ion-exchanged water were added 7.92 g of
cobalt (I1) citrate and 3.68 g of phosphoric acid (85%
aqueous solution), followed by heating to 80C and
stirring for 10 m nutes. Subsequently, 12.08 g of

nmol ybdophosphoric acid was added thereto and

di ssolved, followed by stirring at the sane
tenperature for 15 mnutes to prepare a solution for

| npr egeatiadterAt dHY ssuppoet vhe aHiel thea nitrogen
I mpregnating solution was 0.48. 51 Into an eggpl ant

stiepe ddaskhymsdrnéaodHcadnd@ £l ed fuomdde 8OVEn an air
zeol i te-al um na conposite support. The whol e anount

stlca‘aﬂi her a&eﬂesw@f@engkbggu%@ whion vas caﬂdﬁ%r t ms@t 016

with a pipet and the support was inmrersed in

hoSd Wtd ofy @l 5 b@HEaZ?Q%er 3 hours. Thereafter the

support was r|e a nitrogen stream and then dried
in anffle furnace and in, an air stream at
atnnspheric pressure and at 120C for about 16 hours

n Catalyst L. Exanple 13 To 24.6 g of
%Qﬁ] x anged wat er mere added 5.34 g of cobalt

carb nate nd 4 29 p phoric acid 5 a ueo

ol L GG L eRt T PGSt bR g0anaRd O bt o

for 10 n1nutes Subsequently 15. 26 g of nolybdenum
ratke oxf de (ay¥chadedrakéiels Qﬁ@mﬁﬁﬁﬁﬂ\ﬁxﬁ HIE ol Z@akHt By

stirring at the same tenperature for 15 mnutes to
Pamypbe® Ravbhut ponatéicileprdgmettioon oFALS thik ©©r smaller

account for 87% of all the particles) 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).

To 19.8 g of ion-exchanged water were added 7.92 g
of cobalt (II) citrate and 3.68 g of phosphoric acid (85%
agueous solution), followed by heating to 80°C and
sfirring 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. At this

time, the pH of the impregnating solution was 0.48.
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time, the pH of the inpregnating solution was 0.56.
Into an eggpl ant type flask was introduced 30.0 g of
the sane zeolite-alum na conposite support as in
Exanpl e 1. The whol e amobunt of the above inpregnating
sol ution was added thereto with a pipet and the
support was inmmersed in the solution at about 25C for
3 hours. Thereafter, the support was dried in a

ni t regeN ardbZ i Bant adgpeheénazgki &6 si i vathidel 30 nace
and in an air stream at atnospheric pressure and at

of HROGHeTeabayl 116-zhomlind Gl Nt Lag@bysttM  The
~ Conparative Exanple 1 In 21.6 g of ion-exchanged

whof@t5ﬁ0u§t3$fgtﬁg GRRA inf AN fhg Ido tlt JoRf was added
bdophosphoric acid, and 1.17 g ~of orthophosphoric

the?@fg WeLs. g'ﬁvg§¥g?g%§?g%§@@?bof¥”%ﬁéo Qfsed in the

npr egnati on an eggpl a type

soll&%i?n was .i.n h[toég;g’%d %Q’ Q %O%Ih . Sal um na suppor t

ol dme g; ‘specl urface area, 364
ave e ppye dlanet e mh unt
of t er%$%9 n%ﬁ%gﬁgppﬁﬁ sgﬁﬁtﬂé%jﬂag'aéﬁe Q?
pet an he sup orf. was inmersed. in
Strdemyeion TR 450G 2909 S Hour SRR caffern e it
support was dried in a nltrogen streang subse entI%
Str@ﬁmeatlﬁtROﬁEQQQ%QlHﬁﬁﬁ§¥§ﬁKPQ% ah laYCstPiafPapt 16

at nospheric pressure and at 120C for about 4 hour,
hougadtehertedrciGrdd@ s BJ0C for 4 hours to obtain

Example 13
To 24.6 g of ion-exchanged water were added 5.34 g

of cobalt carbonate and 4.29 g of phosphoric acid (85%
agueous solution), followed by heating to 80°C and
stirring for 10 minutes. Subsequently, 15.26 g of
moledenum trioxide was added thereto and -dissolved,
followed by stirring at the same temperature for 15
minutes to prepare a solution for impregnation. At this
time, the pH of the impregnating solution was 0.56.

| Into an eggplant type flask was introduced 30.0 g
of the same zeolite-alumina composite support as in
 Example 1. The whole amount of the above impregnating
solution was added thereto with a pipet and the support
was immersed in the solution at about 25°C for 3 hours.

Thereafter, the support was dried in a nitrogen
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Cat al yst a. Conparative Exanple 2 To 20.2 g of

i on-exchanged water were added 7.45 g of cobalt (11)
citrate and 1.17 g of phosphoric acid (85% aqueous
solution), followed by heating to 80C and 53 stirring
for 10 m nutes. Subsequently, 11.41 g of

nol ybdophosphoric aci d was added thereto and

di ssolved, followed by stirring at the sane

st rb@RPEA Wiresd oir 16 1 NIt 88T EDePEapaLEca as@l U Gfh fdix
i npregnation. Into an eggplant type flask was

strolhd QUGRGX bk fic Qbrd E@u:@é”ﬁnéeﬁltl hepaltumdia about 16
conposite support as in Exanple 1. The whol e anount

nouds the ahove, idpregnatipg  sol ution was added thereto

with.a pipet and the support was imersed in the
solution at about 25C for 3 hours. Thereafter, the
support was dried in a nitrogen stream subsequently

c drie q%guffL iurnace and in an air stream at
Omgﬁﬁﬁs é? Sufe and at 120C for about 1 hour,
and c IC|n .at 500C for 4 hours t tain
Cat at'§ b BofffardiRs 3% %5803 S g of cobalt
i on- exchan ed wat er wer e added 2 of, coba
carbe Gt o 1ge4h1ggoﬁfm%ypﬂaeheﬁpbpff&% el And g b7 o

~citric aC|d nonohydr at e, and of phosphoric
of SutdqEEBEYERRRIEETSE S UTEER) dlfsélolla’\%@d BRSERY iy to

80C and stirring for 30 mnutes to prepare a sol ution
sofgrion for impregnation was prepared. 1Into an eggplant

type flask was introduced 30.0 g of a y-alumina support
(pore volume, 0.69 ml/g; specific surface area, 364 m?/q;
average pore diameter, 64 A). The whole amount of the
above impregnating solution was added thereto with a
pipet and the support was immersed in the solution at
about 25°C for 1 hour.

Thereafter, the support was dried in a nitrogen
~stream, subsequently dried in a muffle furnace and in an
alr stream at atmospheric pressure and at 120°C for abouf
4 hour, and then calcined at 500°C for 4 hours to obtain

Catalyst a.

Cbmparative Example 2
To 20.2 g of ion-exchanged water were added 7.45 g
of cobalt (II) citrate and 1.17 g of phosphoric acid (85%

agqueous solution), followed by heating to 80°C and

53




I mpregnation. At this time, the pH of the inpregnating
solution was 0.82. Into an eggplant type flask was
‘introduced 30.0 g of a y-alumna support (pore
volune, 0.61 m/g; specific 54 --------c-mom--n- -
--- surface area, 240 nR/g; average pore dianeter, 72
A). The whol e anount of the above i npregnating

sol ution was added thereto with a pipet and the

st SHPPOS t rYas1DMIBhEedsi.n S scsRldHd 0N, at1 appuly 48C for
1 hour. Thereafter, the support was dried in a

mo%?ﬁ&é&ﬁ@sp%&f?é”hc§ﬁb§%%u%@ﬁéﬁ(¥Hé¥bﬂé]éh@uéiégolved,

urnace and in an air stream at atnospheric pressure
0 .aho h ckned. at
fo BB 77 R 400 et Vg TS ER P B
; le 4 3_g._0of iqn-e anged wat er. were added
i o T patey =l PRI TR g e i g 17!
phos ric acid 5% ueous_solution), follo y
oot RS GTBGOBAR b FIEnBIraE Wosmihzedhicsd 5% o
bsequently, .12. 64 of  nol ybdophosphori c aci d was
of SRR TRE: BEBLARA 61 CEOR e O] re PSP SE | 7 | BB at
the same tenperature for 15 mnutes to prepare a |
Exaggp i i bn fORe| WRPeGnaIPHRE AL s 2R e, Inpkegrpbing
the.inpregnating solution was 0.46. Into an eggpl ant
n

sokybon | wagk addePnthededed Wit &g pisgfet ndaplee support

zeolite-al um na conposite support as in
was immersed in the scolution at about 25°C for 3 hours.

Thereafter, the support was dried in a nitrogen
stream, subsequently dried in a muffle furnace and in an
alr 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 were added 2.61 g
of cobalt carbonate, 6.41 g of molybdenum trioxide, 6,14
g of citric acid monohydrate, and 2.77 g of phosphoric
acid (85% aqueous solution), followed by heating to 80°C
and stirring for 30 minutes to prepare a_solution for
impregnation. At this time, the pH of the impregnating
solution was 0.82.

Into an eggplant type flask was introduced 30.0 g

of a y-alumina support (pore volume, 0.61 ml/g; specific
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Exanpl e 1. The whol e anmobunt of the above inpregnating
sol ution was added thereto with a pipet and the
support was immersed in the solution at about 25C for
3 hours. Thereafter, the support was dried in a
nitrogen 55 -- ------- - oo - oo ----
---------------- stream and t hen drled inanmffle
furnace and in an air stream at atnospheric pressure

sur&ﬁdeahrﬁaﬂ32mﬁrﬁb@utaﬂérigéﬂﬁbﬁ@ @bimébeEat abydl .d. The
Conparative Exanple 5 To 22.6 g of ion-exchanged water

wholer amided oF Ihd awdveobabt-ganbonat %o%%llmlz«egs OJdded

phosphoric acid (85% aqueous solution), fol

the?%%b'ﬂﬂjﬁpaﬁqg¥ﬁﬂ% aﬁ&'fﬁénguﬁgﬁrlo gbnﬁhﬁ%rsed in the

Subsequent | y g of dophosphoric acid was

Solﬁ@@%%'gﬁ§ Bl angds gk s g}vgdhougollomed by stirring at

the sanme tenperature 5 mnutes to prepare a

S0l Uthonc Lot L IPEeanatlon, A Lhide; LhEs Lhe,pHoot,

régnati ng sol Ut
e fI sk was |ntr duced, he sane
Strfé i et Doroes l’gugpl&ﬂﬁfig ERErataang o an
whol e anmount t he above |npre nating .solution
alrw& r&fde &t r?et}l‘écl%’ol%ﬁlfhcapﬁ?ﬁé’tlrﬁnan hé‘ts&% bt fQfpgbout
i mrer sed |n the sol ution at_about 25C for 3 hours.

4 DoHEr ederiPThe BlphRet @hs® 8P|€dfpﬁ 4 RSy obtain

stream and then dried in a nuffle furnace and in an
CatgilystsiG-eam at at nospheric pressure and at 120C for
about 16

Comparative Example 4

To 15.3 g of ion-exchanged water were added 8.28 g
of cobalt (II) citrate and 5.76 g of phosphoric acid (85%
agueous solution), followed by heating 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. At this
time, the pH of the impregnating solution was 0.46.

Into an eggplant type flask was introduced 30.0 ¢
of the same zeolite—alumina composite support as in
Example 1. The whole amount of the above impregnating
solution was added thereto with a pipet and the support
was immersed in the solution at about 25°C for 3 hours.

Thereafter, the support was dried in a nitrogen
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hours to obtain Catal yst e. Conparative Exanple 6 To
20.5 g of ion-exchanged water was added 7.27 g 56 of
cobalt (Il1) citrate, followed by heating to 80C and
stirring for 10 m nutes. Subsequently, 11.10 g of

nmol ybdophosphoric aci d was added thereto and

di ssolved, followed by stirring at the sane
tenperature for 15 mnutes to prepare a solution for

stidt egnat then Atrikhl Sn @ fthe p®icéhgnd in an air
i npregnating solution was 0.78. Into an eggpl ant type

stfd@Apkavagthptpadueed p3Q L 8- Ofand Nee SBPB°c for about 16
zeol ite-alum na conposite support as in Exanple 1.

hodfe WHobs:armRuBRL +@fi ihe ;above i npregnating sol ution
was added thereto wth a pipet and the support was

imersed in the solution at about 25C for 3 hours.
Thereafter, the support was dried in a nitrogen

CO@?&F@Q%@QdEQQﬁﬁlgr'ed in anmffle furnace and in an

réam at “atnospheric pressure and at 120C for
about, 1 urs to,obtajn Catalyst a v
oo 27 15 o E 4S8 E%sﬂaagsﬂawaéﬁweg% Fri i e
) obal t carb%n e and. 12. 29 0
OfrﬁégﬁngHBE HBFF@ &9%1 %{%ﬁi6%%&@ﬂﬁ@k%&%ﬁgaFéd8®éﬁg
and stirring for n1nutes to prepare a solution for
aq?%%?%gﬁ%@?%honﬁw FRQ§QWQQ3 by thaatipgfte g0 C and

|npregnat|ng solution was 1.95. Into an eggflant type
STITBERIVART| APr BAB®EES30. Fupsequently, 11 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. At this
time, the pH of the impregnating solution was 0.54.

Into an eggplant type flask was introduced 30.0 g
of the same zeolite-alumina composite support as in
Example 1. The whole amount of the above impregnating .
solution was added thereto with a pipet and the support
was immersed in the solution at about 25°C for 3 hours.

Thereafter, the support was dried 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 ©

To 20.5 g of ion-exchanged water was added 7.27 g
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of the sane zeolite-alum na conposite support as in
Exanpl e 1. The whol e anount of the above i npregnating
YA e sol ution
was added thereto with a pipet and the support was
imrersed in the solution at about 25C for 3 hours.
Thereafter, the support was dried in a nitrogen
stream and then dried in a nuffle furnace and in an

of @idbaldlream atietapsphesiltopeassyr ecatd i t2EbfOrand
about 16 hours to obtain Catalyst g. The el enental

stignanpisval @Jetﬁll@@@'thySSﬁBlseqﬁ%ﬁl%qv i s ofp thesr
catalysts obt ai ned i n Exanpl es and Cbnparat|ve

Mo l?é)?:{@ t‘: b§gl<§b\9¥§ Qﬁaeah Q%fe't:o-ra%ﬂc? (illss-r@fved

and analytlca I nstrunments used neasurlng
oLy e B PO At oo refS, FEREele i s 5
i S Fu St ho S%E '“C o TBedAE e g B¢ LEfs
SRt o £ Ae ML 2 gga??ﬁér BBIER bl Lot 26)
o HOE Ot AR By agLankr eoa Eﬂm%%‘%%%“vé%)”fm g of
etc. ] Pore vol une, average pore di aneter, and pore

thes iSA8NE (ﬁ%‘f1=+B%Tii%ﬁmt\éﬁecﬂ@?@|sﬂﬂtﬁe@u@pqrﬁe aferigurixample

penetration
1. The whole amount of the above impregnating solution

was added thereto with a pipet and the support was
immersed in the solution at about 25°C for 3 hours.
Thereafter, the support was dried 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 cbtain Catalyst £.

Comparative Example 7

To 25.3 g of ion-exchanged water were added 4.34 g
of cobalt carbonate and 12.29 g of molybdophosphoric acid,
followed by heating to 80°C and stirring for 15 minutes
to prepare a solution for impregnation. At this time,
the pH of the impregnating solution was 1.95.

Into an eggplant type flask was introduced 30.0 g
of the same zeolite-alumina composite support as in

Example 1. The whole amount of the above impregnating
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method. 58 - - ------ T - - - - As
an apparatus for nercury penetration was used a

por osi meter (M CROVERI TI CSAUTO PORE 9200; nanufact ured
by Shi madzu Corporation). Measurenent was made after
the sanple was heated at 400C for 1 hour under vacuum
to renove volatile matters therefrom [ Masurenent of
nol ybdenum di sul fide |layer (TEM1 The nunber of

solhamiomated | a3 the rotybdenum gipel idel was nBasst ed
in the foll ow ng manner using a transm ssion el ectron

wasTHERSeRRe (MTEMe (46 20€18AMBL" dBML 2010 mywfagidued,
by JEOL Ltd.). 1) A catalyst was packed into a

f1 owph BL-QUGH LY P& hd QRGO tiibe. g Thegcabalyst t%%‘éﬁd
eld at or

mas_h room tenperature in a nitrogen stream
strpall METn AN NEY 2 SOUAFETE 939,905 (SR AReA A

heat f C/ mn., ALt Id t al.yst
steolf M50 S Slfe 2L BleoREL TR AL S0 £l AlYSt: 16
t he tegg%%atur %$£y1 hour and then cooled to 200C in

hourize TP R HoSph Stlnsequent 'y, the surrounding

gas was replaced with nitrogen and the catal yst was
cooled to roomtenperature to conplete sulfidation

treatnment. 2) The catal yst after sulfidation treatnent
was The elemental analysis values and physical

properties of the catalysts obtained in Examples and

Comparative Examples described above are shown in Table 1.
The methods and analytical 1lnstruments used for

measuring the physical properties of the catalyst shown

in Table 1 are shown below.

[Measurement of specific surface area (SA)]

Specific surface area was measured by.the BET
method, which is based on nitrogen adsorption.

As a nitrogen adsorption apparatus was used a
surface area-measuring apparatus (Belsorp 28)
manufactured by Bell Japan Corporation.

[Measurement of pore volume (PV), average pore diameter
(MPD), etc.]

Pore volume, average pore diameter, and pore size

distribution were determined by the mercury penetration

method.
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pul verized in an agate nortar. 59 3) A small portion

of the catal yst pulverized was dispersed 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 ning part of

the TEM and exam ned at an accel erating voltage of

200 W The direct magnification was 200, 000

di angtens, appdrhitve fdweldsr@iryi spynsereresanivagdused a

Each phot ograph was enlarged so as to result in a
poréBanidtiaat iwrcredves PPPc §R0TL atREe b2 00ST RN UG & PR X by

16.8 cm. The nunber of the |lam nated | ayers of
Shiﬁ@d&QﬂQﬁ&Eﬁéﬂé&ﬂéﬁﬁ? and the in-plane-direction | ength

of the layers were neasured using a photograph in

whi ¢ r 0 S o) [ i de f

C}ou%eégﬁgﬁgﬁngﬂgﬁs %gﬁﬁ%fi d%%u%?%i%%*%?geaagrggated at

\6i l.ly, recogni.z per .. fel f_view. asur ement
4ODorcsﬁ%raalsohropl?ligo%n : Iﬁafﬁgﬁr itg’r %tefngﬁ’s?f gf)[r%l\é%llﬁjfer an}naleet&ers

spectroscopy) (NOIR)] For investigating the anmount of
theﬁggﬁﬁﬁ%brption onto active netals (Co, M, etc.) in a

catal yst after pretreatnment, NO was adsorbed onto the

catal yst after pretreatnent and the catal yst was

observed on a diffuse- reflectance FT-IR (FT-1R-8100M
[Mqﬁﬂﬂﬁqﬁgqﬁegﬁkmo%mp@g@g@ disulfide layer (TEM)]

The number of laminated layers of molybdenum
disulfide was measured in the following manner using a
transmiséion electron microscope (TEM) (trade name “JEM-
2010” manufactured by JEOL Ltd.}.

1) A catalyst was packed into a flow-through type
reaction tube. The cataiyst packed was held at room

ftemperature in a nitrogen stream for 5 minutes, and the

. surrounding gas was replaced with a mixture of H;S (5% by

volume} and Hz. The catalyst was heated at a rate of
'5°C/min. After the catalyst temperature reached 400°C,
the catalyst was held at the temperature for 1 hour and
then cooled to 200°C in the same atmosphere.
Subsequently, the surrounding gas was replaced with
nitrogen and the catalyst was cooled to room temperature
té complete sulfidation treatment.

2) The catalyst after sulfidation treatment was

pulverized in an agate mortar.
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60 --------- T Corporation). At this
time, a heat-vacuumtype diffuse- reflectance cel
(KBr aperture plate) manufactured by Spectratech Inc.
was used. a) Pretreatnent of catalyst (sulfidation
treatnment): A catalyst was placed in a diffusive
reflectance cell after pulverization and heated in an
He stream After the catal yst tenperature reached
400C3) thencaAtlalpysit ies b€l dhat challerpeiatiere ff w3
m nutes. Then, the surroundi ng gas was replaced with
digbditddir n OfkcetBHe(5% and H2 and the catal yst was
held at the tenperature for 2 hours. Subsequently,

the syr meNdidid; 1 dyWist
afterqflashlng oﬂg%%gm%§%%§gé§§ﬁe %%tgl§§?gﬁg§§ggbled

regi
ml%ﬁéﬁ#ﬁéﬂ%ﬁﬁ?&£g%HF$Fl%Oﬁgggﬁi lﬁgter kﬁg catalyst
sa hold at. roomtenperature for 30 mnutes in an NO
_ das stream the surrounding gas was replaced with He
gas d.after acuatlon of 3 nutes F
neasgﬁeﬁgﬁiEﬂa§jcoﬁﬁﬂ%t%%t Oﬂ@ggﬁrFﬁﬁm&Bﬁaﬁtﬁﬁ%$ of the
wavel ength: 4600 to 400 cm - Resol ut i on;
TEP??&T?&‘ SN 8L on, SO TA Heaslr BrRdR OBt ok
ensity of NO spectrum (1840 cm 1) adsorbed on the
TheGr : %9%Fféﬁatnlﬁfleﬁ’§15t ¥ &t Q48 shiatetan g4 7@pd chive

. 1) adsorbed
. fields of view were examined.

6} Each photegraph 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 laminated layers of
molybdenum disulfide and the in-plane-direction length of
the layers were measured using a photograph in which 200
or more of crystals of disulfides of a Group 6 metal such
as molybdenum disulfide were visually recognized per

field of view,

[Measurement of NO adsorption FT-IR (Fourier transform
infrared spectroscopy) (NO-IR)]

For investigating the amount of gas adsorption onto
active metals (Co, Mo, etc.) in a catalyst after
‘pretreatment, NO was adsorbed onto the catalyst after
pretreatment and the catalyst was observed on a diffuse-

reflectance FT-IR (FT-IR-8100M, manufactured by Shimadzu
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61 ------------ oo on the G oup 6 netal was
“investigated and the nunber of a CoMS phase, N MS
phase, or the like, which is though to be active
sites for desulfurization, in edges of the Goup 6
~nmetal disulfide such as nol ybdenum di sul fi de was
conpared using the value represented by the foll ow ng
formula: Active sites of | CoMbS or the like = 18

Corp®rpt{d8) gr onp +hlG qrigiD) avirral ny 8¢ OPpe diffgse—

represents intensity of NO spectrum adsorbed on th

- refIOUP; ScHeLRL 1anER16 a?{?‘il’tﬁ?lrer %Hraec%%n:rgﬁ\rﬂﬁ%@gﬁﬂédof)ym

spectrum adsor bed on e Goup 6 ne

Spé§%4§§ggﬂa¥h%§tgégwgg%dian NO adsorption FT-1R

spectrumo yst ‘s shown in Fig..1. Also, a

{rana San sl eRbienor Legige (TEMe o G alvst B
eréagiedi| b bocRbeRE PARARD) DR G BB LU Lg
re@&;gwgﬁ_ogg%g gégpg %)u?v';r;:izczg)ti%)n ’\'clm% %ggterdoj).n NaM Il—\IIe
‘stream. After the catalyst temperature reached 400°C,
the catalyst was held at the temperature for 30 minutes.
Then, the surrounding gas was replaced with a mixture of
H;S (5%) and Hr and the catalyst was held at the
temperature for 2 hours. Subsequently, the surrounding
gas was replaced with He gas and after flashing of 30
minutes the catalyst was cooled to room temperature in
the same stream to complete pretreatment.

b) FT-IR measurement: After the catalyst was hold
at room temperature for 30 minutes in an NO gas stream,
the surrounding gas was replaced with He gas and after
evacuation of 30 minutes FT-IR measurement was conducted.

"Measuring conditions;
Range of wavelength: 4600 to 400 cm™

Resolution: 4 cm™

c} Analysis of results of measurement: Each of
intensity of NO spectrum (1840 cm™) adsorbed on the Group

8 metal and intensity of NO spectrum (1700 cn™) adsorbed
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be NclNive sites for

o~

esulfurlzatlon, in edges of the
Group 6 metal disulfide such as molybdenum disulfide was

compared using the value represented by the following

formula:

Active sites of ICoMoS or the like =

I8 group/ (I8 group + I6 group)

wherein I8 group represents intensity of NO
spectrum adsorbed on the Group 8 metal and I6 group
represents intensity of NO spectrum adsorbed on the Group
6 metal.

As a representative example, an NO adsorption FT-IR
spectrum of Catalyst A is shown in Fig..1l.

Also, a transmission electron micrograph (TEM) of

Catalyst B is shown in Fig. 2.
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Z O0r Wr (OCO"It 7t- 4 (OOd NOMO U4 U
Lou (o (o M(O(O(O(OB M(O(O(O(O 0O) T o0 co
QQ UOWLL (92-Y-] mnO-0a wo) n mU®63
R ---- [Hydrotreating reaction of
straight-run gas oil] Using catalysts Ato Mand a to
g prepared in the above Exanpl es and Conparative
Exanpl es, a straight-run gas oil having the

[Hyahoper éh esnghovachebanwowas t rayidiai-reat efhacepr ding to
the follow ng procedure. First, the catal yst was

packeg iy -t du @ Presssrng ahbow thr gughebube d aactiale
to forma fixed-bed catal yst [|ayer, which was

bRFEtEeahsd- 4ndg LQWen @« LNndid | i -
2 Subsequelﬁt?e,ga&fltgiﬁpggﬁa;?mee@é‘ thfaggf e%isfto%il%lillf run

d
gaiih A MiﬂaeEn&Og&aFewqe%a%.hwncg;&aogdt 0 heated to

the reaction tenperature was | ntroduce rough an

hycﬁpcpg cab8 taBEoEB%ge%t %ﬁle: (h}éj |l|0c1 CI)% :%rdor&tzé é' ng

reap IOD 0O procee ander _ conditrons. A

LU0 e Oy o PG SOLL PR 93502088 on rooure
£1 MR OGSt cOhL YRS 880208180 1 4 fixed-bed catalyst
layer, which was pretreated under the following
conditions.

Subseguently, a fluid mixture of the feedstock oil
and a hydrogen-ceontaining gas which had been heated to
the reaction temperature was introduced through an upper
part of the reactor to allow a hydrotreating reaction to
proceed under the following conditions. A fluid mixture
of a product ocil and gases was discharged through a lower

~part. of the.reactor, and the product oil was separated

-~ with a gas/liquid separator.

Pretreatment: Each catalyst was subjected to liquid
sulfidation with the feedstock oil.
Pressure (hydrogen partial pressure): 4.9 Mpa
Atmosphere: Hydrogen and the feedstock oil (liquid
hourly space velocity, 1.5 hr™*; hydrogen/oil ratio, 200

m® (normal)/kl)
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with a gas/liquid separator. Pretreatnent: Each
catal yst was subjected to liquid sulfidation with the
feedstock oil. Pressure (hydrogen partial pressure):
4.9 Mpa Atnosphere: Hydrogen and the- feedstock oi
(litquid hourly space velocity, 1.5 hr-1; hydrogen/oi
ratio, 200 nB (normal)/kl) 64 Tenperature:
I ntroduction of hydrogen and the feedstock oil at
aboutre2@er et imt wéddct aée 6F heebhen heldivde at
300C for 24 hr, and subsequent elevation to the
Fod@ACH 0N ENDET abURE, 2bce.,, 320Gt idn at rAtLef 28T hr
Hydrotreati ng Reaction Conditions: Reaction

204Enpe AU EnGORE BoBseuLe:( UdRagenparthalequent
pressure Li quid hourly space velocity: 1.5

o / 0] ornal )/ kl
_ rope?wg(g glfé":gé (s:tEg%E Beﬁggﬁ:gﬁél%f g{ilg st:?r%(lj g%‘t-?Ena
ra%a % M ddl e East Density (15/4C): 0.8570
atlon characteristics: Initial distillation

p0|nt of 212.5C, 50% point of 303.5C, 90% poi nt of
354.0C, end point of 372.5C Sul fur content: 1.61% by

Hygw%é&eatg%érggggtgggt8g£dl i%nppﬂ1by wei ght

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

Properties of Feedstock 0il:

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

Density (15/4°C): 0.8570

Distillation characteristics: Initial distillation . .

point of 212.5°C, 50% peint of 303.5°C, 90% point of

354.0°C, end point of 372.5°C
Sulfur content: 1.61% by weight
Nitrogen content: 140 ppm by weight
Dynamic viscosity (@ 30°C}: 5.857 cSt
Pour point: -2.5°C
Cloud point: 1.0°C
Cetanelindex: 54.5

Sayvbolt color: -6
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Dynami c viscosity (@30C): 5.857 cSt Pour point:
-2.5C Coud point: 1.0C Cetane index: 54.5 Saybolt
color: -6 65 The results of the reaction were anal yzed
by the follow ng nethod. The reactor was operated at
350C. Six days thereafter, the product oil was
sanpl ed and properties thereof were anal yzed. Degree
of desul furization, desulfurization reaction rate
consthAt reghdtsped fihe nRaghiqy were sapévkadelivaghe
follows. The results thereof are shown in Table 2.
folltjwipaymeettsfd desul furi zati on (HDS) (0): The
proportion of sul fur conponents which have
di safppearedcitoamwiaze dreadstatkatoi 350 ht oughigodwessi on
to hydrogen sulfide by desulfurization reaction is
thedefifted, ashea wegieet obilesakf sanpatidonndThe degree of
desul furization was cal cul ated fromthe anal ytica

thetdidesver SUTpiegoNt BAGred blieqteed¥ieGk Aiilorand
product oil in accordance wth the follow ng

de sRAURIY 104kt 90eLa O 1 §8SHAEHr E3akkaRt( Y [Hpoefcigp)d Sf]
X 100 [2] Desul furization reaction rate constant

acﬂﬂgaty-ug%éfﬁéi@@féﬁéﬁtagff@lﬁS@%t'o%hrak%§ﬂ¥ﬁg' reof

which gives the 1.3 order of reaction Wi th respect o

are escl{o%ﬁf'e.l.n Table 2.

[1] Degree of desulfurization (HDS) (%):

The proportion of sulfur components which have
disappeared from the feedstock oil through conversion to
hydrogen sulfide by desulfurization reaction is defined
as a degree of desulfurization. The degree of
desulfurization was calculated from the analytical wvalues
1of sulfur content in the feedstock cil and product.oil in

accordance with the following equation:

Degree of desulfurization (%) = [(Sf-Sp)/Sf] x 100

[2] Desulfurization reactilion rate constant (Ks);

The rate constant of a reactibn rate equation which
gives the 1.3 order of reaction with respect to décrease
in the sulfur content of the product oil (Sp) is

determined as a desulfurization reaction rate constant

€6




in the sulfur content of the product oil (Sp) is
determ ned as a desul furization reaction rate constant
66 - - c-ememeaan e (Ks). Also, the higher
the reaction rate constant is, the nore excellent the
catalytic activity is. Desulfurization reaction rate
constant = [1/ (Sp) (1.3-1) 1/ (Sf) x (LHSV) In the
above formul ae as for degree of desulfurization and

(Keesul hulsiz atiHen Hieaed+ ofh& af 82 -£095t 28te Sb sﬁ‘c%'&%s%@ S
sul fur content in feedstock oil (% by WEIgR

théei%%%e'&t Seuldit Gantenta] 0 % by

wei ght), xhnd LHSV represe%tgt??q%?giﬁégyll% space
velocity (hr-1) [3] Specific activity Specific
activity .((each desul furization reaction rate

ConStﬁQ%&ifu%SEQQEf g%%k&pn riéglcgbgaée cqgstant of

arati ve

Table taliyst, natLomperature 350C Sul fur
Degre@féfgﬁgte Spgiﬁfgg?Nltro ert ®ht desul furi -
constant activity content (ppm by zation (ppm by

In the above formulae as for degree of
desulfurization and desulfurization reaction rate
constanE, Sf represents sulfur cohtent in feedstock oil
(% by weight), Sp represents sulfur content in product
0il (% by weight), and LHSV represents liquid hourly

space velocity (hr’ly).

[3] Specific activity (%):
Specific activity (%) =
'n((each desulfurization reaction rate constant)/
.(desulfurization reaction rate constant of

Comparative Catalyst a)) x 100

67




wei ght) (% weight) A 9 99.9 36.7 270 <1

B 8 100 38.1

280 <1 C 8 100 38.1 280 <1 D 10 99.9 35.4 261 <1 E
8 100 38.1 280 <1 F 8 100 38.1 280 <1 G 13 99.9 32.4

238 <1

H 10 99.9 35.4 261 <1 |
J 12 99.9 33.3 245 <1

99.7 20.5 151 3 M9 99.9 36.7 270 <1

100 41 b 88 99.5 16.3 121 27

13 99.9 32.4 238 <1
K 10 99.9 35.4 261 <1

L 48

a 142 99.1 13.6

c 170 98.9 12.6 93 50

e 179 98.9 12.4 91 38 f 126

99 2 14 2 105 6 g 214 97 5 11 3 83 40 As is apparent
Pkt S TR A o 2 DV
Catal ystls UGV e BEPaGT o & RAB) ocpeSPeRTc, | Nirogen
- - © ~°"-content - " desuffuri- - “constant ©|  activity content
{ppm by zation (ppm by
weight) (%) weight)
A 9 99.9 36.7 270 <1
B 8 100 38.1 280 <1
C 8 100 38.1 280 <1
D 10 99.¢ 354 261 <1
E 8 100 38.1 280 <1
F 8 100 38.1 280 <1
G 13 99.9 324 238 <1
H 10 99.9 35.4 261 <1
l 13 99.9 324 238 <1
J 12 99.9 33.3 245 <1
K 10 99.9 35.4 261 <1
L 48 99.7 20.5 151 3
M 9 99.9 36.7 270 <1
a 142 99.1 13.6 100 41
b 88 99.5 16.3 121 27
c 170 98.9 12.6 93 50
d 120 99.3 14.5 107 3
e 179 98.9 12.4 91 38
f 126 99.2 14.2 105 6
g 214 97.5 11.3 83 40

As is apparent from Table 2,

an ultra-deep desulfurization region can be easily

it is understocd that

attained using Catalysts A to M according to the process
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of the invention. Also, as is apparent fromthe

results given above, it is understood that the

catal ysts according to the invention has highly

excellent activity in the desulfurization reaction

and denitrification reaction of gas oil in the

ul tra-deep desul furization region under about the

same conditions, e.g., hydrogen partial pressure and
of rdectiorentehgerature, as in the case of conventi onal

hydrotreati ng processes of gas oil. Wile the
i nvenllisen has ikeepmasait betom ntHet akkulasdgiividh above,
reference to specific exanples thereof, it will be

it apParidritosdecskt! tpd bAthN st ddairdsaid oUS the
changes and nodi ficati ons can be nmade therein w thout

inAePardh NG { remyh e sREENT AR 23GARA tHiheneofhe The
present application is based on Japanese Patent

b
' ' = 36 6 4fil-ed. . : . 200
B e e e e e S
ga{%il'\/bﬂfhtﬁ@' f@P&déBg 40 GRNLANLS e ]{J;@P&P%&égg
ereirn by Feference. The present apﬁ1|ca ioh’is a
t ent | ti .relati t | t f t t
oo 3L e B BB LS5 B R ot
. research of 2002.from New 69 Ener an Industria%
Pr g D). EROOLbPNehERBFSaN Fa 6F i1 ddth iy O
devel opnent_ of reducti,on of oil refine;¥ confaninant

COTRtRP b HIN R+ KBY X AFF PRI &P IOPEP RS SSp &y #as oll.

While the invention has been described in detail
and with reference to specific examples thereof, it will
be apparent to one skilled in the art that various
changes and modifications can be made therein without

departing from the spirit and scope thereof.

The present application is based on Japanese Patent
Application No. 2002-366916 filed on December 18, 2002
and Japanese Patent Application No. 2003-091844 filed on
March 28, 2003, and the contents are incorporated herein

by reference.

The present application 1s a patent application
relating to results of contract research sponsored by

Japanese Government (Contract research of 2002 from New

69




Measure Law for Industrial Vitality Regeneration is
applied thereto). I NDUSTRI AL APPLI CABI LI TY Accordi ng
to the invention, the follow ng effects can be

exhi bited. (1) The catalyst has high desul furization
and denitrification activity and hence is capabl e of
greatly reducing the sulfur and nitrogen contents in
gas oil. (2) Alnost the same reaction conditions as in

Eneogyeahdobabiubydiatlr faidhrg jprpe eBses] canehe epphayedtion

Accordi ngly, conventional apparatus can be used

(t&¢chhoUbgyneeessbbalkintg o cansideiabl of nedi feathepy
(3) A gas oil base having reduced sul fur and nitrogen

coORh eAbAtCaRabenRATl e )SURDH Bh o T8 GAI MR dpePial
catalyst for hydrotreating gas oil, which conprises on

Me &8 +BOF, 9ANIEE rOX i dig s$YRRAN by 4 i&ﬁ%&anewwghog&t ﬁg

east one selected fromnetals 1 n the Goup

I
L. Qdi , 1 to 15% by weight of at |east one
apﬁg é@tgge?gghﬁﬁetals in the Goup 8 of the periodic

table, 1.5 to 8% by wei ght of phosphorus, each in
terms of an oxi de amount based on the catalyst, and 2

ol tiaEYagleibyagar bon 1 Lo, of an elerent

has %uiﬁﬁgéiﬁg ggrgggeig%ggtggn, the fellowing effects
can be exhibited.
(1) The catalyst has high desulfurization and
denitrification activity and hence is capable of greatly
reducing thé sulfur and nitrogen contents in gas oil.
{2) Almost the same reaction conditions as in
conventional hydrotreating processes can be employed.
Accordingly, conventional apparatus can be used without
necessitating a considerable modification.

(3) A gas oil base having reduced sulfur and nitrogen

contents can be easily supplied.
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150 to 300 n2/g, a pore volunme of 0.3 to 0.6 m /g, and
an average pore dianeter of 65 to 140 A and wherein,
when the catal yst is observed on a
di ffuse-refl ectance FT-IR after sulfidation treatnent
and subsequent NO adsorption, a value of 18 group/ (18
group + 16 group) is wwthin the range of 0.7 to 1
wherein intensity of NO spectrum (1840 cm 1) adsor bed
on the netal in the G ogpa8mgf the periodic table is
represented by 18 group and intensity of NO spectrum
(1700 cm 1) adsorbed on the netal in the Goup 6 of
‘the periodic table is represented by 16 group. 71
""1;"Aﬁbhfaly%t-@B%(ﬁ§&48§feéﬁfﬁ§dbgg be1¢! ahmcdy
wherein the catalyst has a pore distribution that a
| f __por.es. ' a ' r Y ge

T R L o U
.cat.al yst_accordin 0 [ r. 2, wherein
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tal inthe Go of .t he r.i odi c t.abl.e observed
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presul fidation of fhe catalyst is frgom to 5. 4. .
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average_in-plane-direction length of |ayers of,
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tabl e observed through a transm ssion el ectron
of Hrerpskdpeamount based on the catalyst, and 2 to 14% by

~ weight of carbon in terms of an element amount based on

the catalyst,

wherein the catalyst has a specific surface area of
150 to 300 m?/g, a pore volume of 0.3 to 0.6 ml/g, and an
average pore diameter of 65 to 140 A, and

wherein, when the catalyst 1s cbserved on a
diffﬁse—reflectance FT-IR after sulfidation treatment and
subsequent NO adsorption, a value of I8 group/ (I8 group +
I6 group) is within the range of 0.7 to 1 wherein
intensity of NO spectrum (1840 cm™t) adsorbed on the metal
in the Group 8 of the periodic table is represented by I8
grouﬁ and intensity of NO spectrum (1700 cm™}) adsorbed on
the metal in the Group 6 of the periodic table is

represented by I6 group.
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after presulfidation of the catalyst is from1l to 3.5
nm 5. A process for producing the catalyst of any one
of clains 1 to 4, which conprises supporting 10 to 40%
by. weight of at |east one selected fromnetals in the
Goup 6 of the periodic table, 1 to 15% by wei ght of
at least one selected fromnetals in the Goup 8 of
the periodic table, 1.5 to 8% by wei ght of

phospghor us, ' e N +Qxi 0
t he catalygiqgiﬁ%lgs%oé?gegggnaﬁe% ﬁ?%& rbg%ﬁﬁgﬂn the

cat£l PBrofadn, epe&%md %M%é&aosrﬁdtﬁ& 2 J?Q@ cal ’f" 8hes

on an inorgani c OXi dé dupport aV|ng a spec
surface area of 230 to nQAg por e volune of 0.5
et i g andoat Ao Pdod 5o S o ABoRe b T 26 15
é? Sén938 zélon conprising the netal in the Goup
of OFha p i'¢ table, the netal in the Goup 8 of

the periodic table, an organic acid, and phosphoric
aci d, follomed by drying at a tenperature of 200C or
| over.. process for hydrotreatln% gas oil, which
conpri sesTlé%bcf%%‘i‘Jr)ﬁ@t a2 ga’reingf factilodm 3 @rca alwhérein
reaction in the presence of the catalyst of any one of
an QEeRede pvrkegngér leadaiatioshs asfers hydrdigenl padei af the
pressure of 3 to 8 MPa, a tenperature of 300 to 420C,
metenl 0 | Fhei @rAvhr by ofpabe welmsidic dfalll@ dlos&rhedl.
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thzough-a-transm1551on-electronnmLCEoseope-after

presulfidation of the catalyst is from 2.5 to 5.

4, The cata;yst according to claim 1 or 2, wherein
an average in-plane-direction length of layers of
disulfide of the metal in the Group 6 of the periodic
table observed through a transmission electron microscope

- after presulfidation of the catalyst is from 1 to 3.5 nm.

5. A process for producing the catalyst of any one
of claims 1 to 4, which comprises supporting 10 to 40% by
welght of at least one selected from metals in the Group
6 of the periodic table, 1 to 15% by weight of at least
one selected from metals in the Group 8 of the periodic
table, 1.5 to 8% by weight of phosphorus, each in terms
of an oxide amount based on the catalyst, and 2 to 14% by

weight of carbon in terms of an element amount based on
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the catalyst, on an inorganic oxide support having a
specific surface area of 230 to 500 m?/g, a pore volume of
0.5 to 1 ml/g, and an average pore diameter of 60 to 120
A, using a solution comprising the metal in the Group 6
of the periodic table, the metal in the Group 8 of the
periodic table, an organic acid, and phosphoric acid,

followed by drying at a temperature of 200°C or lower.

6. A process for hydrotreating gas o0il, which
comprises subjecting a gas oil fraction to a catalytic
reaction in the presence of the catalyst of any one of
claims 1 to 4 under conditions of a hydrogen partial
pressure of 3 to 8 MPa, a temperature of 300 to 420°C,

and a liquid hourly space wvelocity of 0.3 to 5 hrt.
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