DESCRI PTI ON CATALYST FOR HYDROTREATI NG GAS A 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 ystphevkngrexgel l ent activity
capabl e of reducing sul fur conponents and nitrogen
conponents in gas oil to a |l ower |evel as conpared
with cases using this kind of conventional catalysts
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catalyst, 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
0il 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 oil 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 conmponents 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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i npregnation, i nprovenents of catal yst supports,
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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
velocity.

However, use of an elevated reaction temperature
results in precipitation of a carbonacecus matter on the
catalyst and hence in a rapid decrease in catalytic
activity. On the other hand, use of a lowered liquid
hourly space velocity results in a reduced purification
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 o0il without using severer
operating conditions is to develcp 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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fupthar Gronpabneesal ack iprogptiorlus tohponedtbandrying at
200°C or lower.

Patent Document 2 disclcses a process which
comprises impregnating a y-alumina support with an
impregnating solution obtained by further adding a diol
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
pericdic 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 impregnating a support with a solutiocon
comprising a compound of a Group 6 metal, a phosphorus

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

as in the process of the present invention, followed by



a conmpound of a Goup 8 netal have been supported,
wWth a solution containing a specific anount of an
organic acid, followed by drying at 200C or | ower.
Furt hernore, Patent Docunent 5 discloses a process

whi ch conprises supporting a solution containing a
conpound of a Goup 6 netal, a conpound of a G oup 8
netal, and phosphoric acid on an oxide support, drying
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200C or lower. 4 In addition, Patent Docunent 7
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conprises inpregnating an inorganic oxide support
CoRpeng @6n@o@ﬁgup 6 metal, a compcund of a Group 8

metal, and phosphoric acid on an oxide support, 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 ha%d, 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 process
which comprises impregnating an oxide support with a
solution comprising a compound of a Group 6 metal, a
compound of a Group 8 metal, organic acid and phosphoric
acid, followed by drying at 200°C or lower to obtain a
catalyst, and further impregnating the catalyst with a
solution of an organic acid, followed by drying at 200°C

or lower.



of a Goup 8 netal and heteropoly acid of a G oup 6
nmetal, followed by drying. Mreover, Patent Docunent
8 discloses a process for catalyst production which
conprises inpregnating an oxide support with a

sol ution conprising nol ybdenum tungsten, a conpound
of a Goup 8 netal, nercaptocarboxylic acid, and
phosphoric acid. This process is nainly intended to
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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 i1s highly dispersed on the
support and, hence, it is difficult to form laminated
layvers 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
II sites of a CoMoS phase, NiMoS phase, or the like which
are especially effective as active sites for

desulfurization (i.e., active sites of cobalt or nickel

located at the edges of the second and overlying layers



| ower than the Type Il sites). In addition, since the
nmer capt ocarboxylic 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
conpound, then the acid may give not

desul furi zation-active sites (CoMOS phase, N MOS
phase, or the like) but inactive Co9S8 or N 3S2

ofSReCiBIenfhsai sihe ipfocesges f ofi €ad ahysh PredHethoB
descri bed above have drawbacks that sone of these

siDesessi +aba 160 Galed SteRs: &Nt ¢ hate soage of cEhenhe
catal ysts obtained are unSU|tabIe for use in the ultra

figggplg sul byr iz é/'b%rf?fm Lpi ldfor@n&mé%ta@thewty
e

iciéncy in th uItra furization range,

io Qg sape.have. a shart, EJ§3 Mor eover, Patent Docunent
g |sc?

oses a talyst conpr|S|ng a salt and/or

conplex o C}o up_8 selected fr hal t
f é 1t 51n gCIdmggcag%éng% gec ac1£

ni ck etéropo
sel ected ybdenun1and tquhf 0] an oxide
COEEﬁbBFt e EFeu fPHE concertIstt Jo"fyﬂtwl’é & Bipt 8e
ng is about from2 to 20% by wei ght based on_t he
acs prrPfe?ﬁétcéﬁ@éﬁﬁltdr AR He ot 6-metal Nis or
about from5 to 50% by meught based on the support,
fopRa ehecgreabaryon SEFRAR %ﬂqwe%o%ﬁ%l%%l%om$Ye@lve not
water. Furthernore, Patent Docunent 10 discloses a
degut Ahyseatapnaipséd Visy sdddishgl @NSRIroxazar bk P crhebd,
i n an anount
or the like) but inactive Co0ySg or Ni3zS; species.

Also, the precesses 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 exhibhit 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 & 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



of 0.3 to 5 equivalents to total noles of the netals
of a Goup 6 netal and a G oup 8 netal, to a catal yst
in which the Goup 6 netal and the G oup 8 netal are
supported on a support, and subsequently drying at a
tenperature of 200C or |ower. Although various

catal ysts as results of devel opnent have been
reported as nmentioned above, there is still no

caPhopesakuebrankeehng! e dom Hhiai Aidg gar&at al yst
having a sufficiently high desulfurization activity
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the Group 6 metal and the Group 8 metal are supported on

a support, and subsequently drying at a temperature of
200°C or lower.

Although varicus catalysts as results of
development have been reported as mentioned above, there
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 c©il without using
severer operating conditions.

[Patent Document 1]

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

Japanese Patent No. 2200771
[Patent Document 3]

Japanese Patent No. 2832033
[Patent Dcoccument 4]

JP-A-4-156948

[Patent Document 5]



[ Patent Docunent 7] JP-A-6-31176 [Patent Docunment 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 nethod and
capabl e of realizing the ultra-deep desulfurization

of sukfux_goppepents in gas oil without requiring
severer operating conditions as well as capable of

| g conponents sinultaneously, and to
[PgﬁgH?dgggﬁg%égés for producing the catal yst. Another

objeq}Pqé §ent invention is to provide a
process y efficiently hydrotreating a gas

ol | ctlon g the catalyst. For achieving the
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gdrotreatlng gas oil using the catalyst. (1) A
PehealySPerBrEydriot reating gas oil, which conprises

on an |nor%an|c oxi de support 10 to 40% by
JP-A-1-228552

[Patent Document 9}
JP-A-6-31176
[Patent Document 10]

Japanese Patent No. 3244692

DISCLOSURE OF THE INVENTION

An cbiject 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 o0il fraction using the catalyst.

For achieving the above cbjects, the present

invention provides the following catalyst for



wei ght of at |east one selected fromnetals in the
Goup 6 of the periodic table, 1 to 15% by wei ght of
at |l east one selected fromnetals in the Goup 8 of
the periodic table, 1.5 to 8% by wei ght of

phosphorus, each in terns of an oxide anmount based on
the catalyst, and 2 to 14% by weight of carbon in
terms of an el enent anount based on the catalyst,
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pores having a pore dianeter of the average pore
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according to the above (1) or (2), wherein an average
talnuabet . of tbafBndlyeddigyear o fofphosphorus, each in terms
of an oxide amcunt based con 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
averaée 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 tabkble is represented

by T6 group.



disulfide of the netal in the Goup 6 of the periodic
t abl e observed through a transm ssion el ectron

m croscope after presulfidation of the catalyst is
from2.5 to 5. (4) The catal yst according to the above
(1) or (2), wherein an average in-plane-direction

l ength of layers of disulfide of the netal in the
Group 6 of the periodic table observed through a
transgkssine ehealken Biceastope tafies a&s@@@l fidation
of the catalyst is from1l to 3.5 nm (5) A process for

whpireduCing the Lafal wsls of ﬁﬁWéoﬁﬁstPEbﬁﬁﬁoﬁbQK%t(%)ﬂd%lo
(4), which conprises supporting 10 to 40% by wei ght
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each |n terms of an OXIde anount based on the
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of an ROt a yunt 10 based on cat st n an
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area of 230 to 500 a_pore, vol of 0.5 to 1
"RREPGN 8hd 24 R RGBS O LR LRR L8UCES $50 A
g a salution conprising the netal in the Goup 6

dlSFigﬁgepgﬁlG&Q:Wﬁﬂﬂkalﬁtﬁﬁﬁmﬁ%ﬁuPn btpb E?@uﬁegloéﬂc

the periodic table, an organic acid, and phosphoric
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| ower. (6) A process for hydrotreating gas oil, which
after presulfidation of the catalyst is from 2.5 to 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 tréﬁsmission electron microscope

after presulfidation of the catalyst is from 1 toe 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 terms 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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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
to 420C, and a liquid hourly space velocity of 0.3 to
5 hr-1. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
drawi ng showi ng an NO adsorption FT-IR spectrum of

babatiabyisthd ebtailred,i @Ml dgadi@. oRidé dupport
phot ograph showi ng a transm ssion electron m crograph
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i nactive species of a G oup 6 netal, such as cobalt or
LoW@Ekel, and as a result, a high-perfornmance
desul furization catal yst can be obtai ned which
facilitates achi evenent of an ultra-deep

desul furization
(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 hrl.

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

11



reacti on without using severer reaction conditions
because the desul furization reaction and a
denitrification reaction proceed efficiently. As the
objective oils to be treated in the present
i nvention, gas oil fractions such as straight-run gas
oil, catalytically cracked gas oil, thermally cracked
gas oil, hydrotreated gas oil, desulfurized gas oil
fovaaUuAk tdivglenl lagt 1101 @ag 0t o M) sugpdrt hes| ikprag@ated
sui tabl e. Exanples of representative properties of

wiBHCH sbeadsbeck Ritas ritt] wde:dnbhohhd Ngr PRI Bkohipngemetal,
150 to 450C and a sulfur content of 5% by weight or
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The | ower the content of
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-
denitrificaticn 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 o0il, desulfurized gas oil, wvacuum
distillation gas oil (VGO), and the like are suitable.

Examples of representative properties 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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these inpurities, the nore preferable the alumna is.
The total content of all inpurities is 2% by wei ght or
| oner, preferably 1% by wei ght or |ower. The content
of each inpurity is preferably as follows: SO42- <
1.5% by weight, d-, Fe203, Na20 < 0.1% by weight. An
oxi de conponent for use in conposite formation wth
an alumina is preferably at |east one selected from

Tt z9) i hesevhel i prefilrired ard Zd GOMd@pditer €0sPDSEL €
formation wth these conponents i s advantageous in

coh @& DhD8q| aM:AdkLad akayeks nafi imelasidanum dissuwfade. to
Anmong t%ese conmponents, zeolites have an average

fuPahd Ciﬁﬁgbéﬁe’ﬂ@%u@%u@eitz%rtmd?le%&ﬁ\hhﬁ/ Coul ter counter
met hod Qbaqueous NaCl sol ution aperture 30 m

13 ULy asanify (At megle 3o PULRS)COL AROUL 2eb L10ufhnas

m preferab nore pre erably
In the zeol it the Egoeortlon of

Su%ar%%cteeiui%v. naPapacrre YdF‘inéLt'L High
bout r 7 0 referabl bout
21§ 7hve 22885 %Pe%?%r dr &Banl yeaBoG r b T 985
pased on all zeoll% rtlcles Such properties of |
Wh]z%&ltte@?‘é?lésaat?gn Qéeéu FGe Shesdisdt Qtihg* S
the pore dianeter so that substances which are
Prefiefredlt {0 HestifudeXe ¢apleadrpyig prudebile- the

pores. For exanple, when a zeolite having too |arge
Aluplnger g1 par fi &g idivarel exb@it t 38% hbyh We iebit et ofgher,

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

Examples of impurities in aluminas include S0,27,
Cl™, Fe 03, Nay0, 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: S045 < 1.5% by
weight, Cl7, Fey0;, NaC < 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, zecolites have an average
particle diameter as determined by the Coulter counter

method {1 wt% aqueous NaCl solution; aperture, 30 pm;
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coarse particles is used in the preparation of a
conposi te oxide support, the alum na hydrate (alum na
precursor) and the zeolite show different degrees of
shri nkage during heating and cal cining due to
differences in water adsorption and crystallinity

bet ween the alum na hydrate (alum na precursor) and
the zeolite, whereby a conposite oxide support having

ulf@ggghYgl¥re§%%%nﬁprQ§ﬂnlﬂu€%3 WE@Oab@utnECBOQBr%S ’
tends to form Noreover, these ['arge pores not onPy

pr£§99881 h%b%‘d[tf%Cetoa%e&lmgf;ain@zﬁ'&ee@ g&%ggdéﬁout 3

nponent s acti ng as C
d|f use i par h a case t hat the tal yst
topy Bsed 0t B O iites ! Mok ?%£§ﬂ€5¥
suc pores tend to r in decrease 14 in the
naB58d) 5; PaThOCI A tovag}?taeefsmf G by prena t16r s Boout
den rifi Llon r.acki.n Preferred_ex | es of
£x9807 Pt 58’ PBE oo TR NSt o of wak fogt o ¢ ROLE
t he prese invention include faujasite
Pr%f?{jag?ieaP PuE, em gsoi e Vi peP2 50| 91 21 { 3258EF £E,
nordenite zeolite, ZSMseries zeolites (ZSM4, 5, 8,
pay§icies.po, 21, 23, 34, 35, 38, 46, etc.), MOM 41,
MCM 22, MCM 48, SSzZ-33, UTD-l, CIT-5, VPI- 5, TS-1,
TS 2,Su R?@PGHREGSE@ﬁeéIEQIlWeﬁr &frér ra@bfaa)rt@qaowp‘éor
zeollte stabilized Y-type zeolite and (3 zeolite.
pr@@iﬁhéymeeplprtémm thep@eoldtaeaee pr eflat edubAbances

t he above boria, silica and zirconia, use can be
which are difficult to desulfurize can easily diffuse in

the pecres. For example, when a zeclite 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
precurscr} and the zeolite 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 suppoert having relatively large pores,
i.e., meso- or macropores, tends to form. Moreover,
these large pecres not only reduce the surface area but
also enable metallic components acting as a catalyst
poison to readily diffuse in the pores in such a case
that the catalyst 1s used for the treatment of bottoms.

As & result, such large pores tend to result in decrease
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made of those generally enployed as support conponents
of this kind of catalyst. The above zeolites, boria,
silica and zirconia may be used solely or in

conbi nation of two or nore thereof. The anmobunt of the
conponents to be incorporated is not particularly
limted. However, the anount of the conponents in the
conposite oxide support is generally about fromO0.5

in tthdetome 2R04 by avweh ght yper akeut fu:omadigher than 80
to 99.5% by wei ght of the al um na, preferably about

deﬂf@fﬁ@léa$90r15o/%ﬁ&1 weLght nper about from 85 to 99.5%
by weight of the alum na, and nore preferably about

frompQeFd &e@%%ﬂﬁégh&f p%oﬂ?egg Fpemu%t%o&%] t%%éS%

by weight of th um na. 15 Too 0
It di ff .
coRTl %.féénr% %%?28393”3?‘1%@2331 ttﬂe”rpfﬁse'r%ddlwﬁ?wn

t h f t ffi t
ind s TR AP L2 OB 2k 8, b it el LS

S|tes while too | arge appunts thereof result in a
zeqldddendy %91@%upm%r%flérﬁ§ zegpédical |?;ﬁM—rﬁﬁ33ﬂ®ﬁsnum
to be difficult to hlghly di sperse. The_inarganic
Ze Wi T stppfdrts t 87 b& uded iTFt M0 pfksehdri Adenti®on 3& 46,
prepared throgﬁg calcination at from 580 to 700C for
eLF-rlomMEt-4 by ufd: MR¥-4&r aydr 3o @i hventTon i6PI-
prepared by nerely drying at 200C or |ower after
5, d¢tilve nemd sthavéike. Especially preferred are Y-
type zeolite, stabilized Y-type zeolite and P zeolite.
Furthermore, proton type zeolites are preferred.

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

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

The amount of the components to be incerporated 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 te 99.5% by weight of the alumina,
‘preferably about from 0.5 to 15% by weight per about from
85 to 99.5% by weight of the alumina, and more preferably

about from 0.5 to 10% by weight per about from 90 to

99.5% by weight of the alumina.
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been supported on the inorganic oxide support, as wll
be described later. Accordingly, the nmechanica
properties of the catalyst (e.g., side crushing
strength, conpacted bulk density, etc.) which will be
descri bed later should be obtained by calcining the

i norgani ¢ oxi de support. Wen calcination is conducted
at a tenperature lower than 580C for a period shorter

than 406 BaHILS, osUEELCLaRe MRERARILAlr %H&Q@t&d&g@gkts

be obtai ned. Even when calcination is conducte

reBiLah ti%rr@arfaftilguqtego%ﬁfﬁi L orf 0F é&fegﬁgéﬁkgeged

period exceeding a 3 hours, not € effects

Lci-nat i-on ; r | so densification
re%&%%%g%bf tg%iﬁ%%ﬁfﬁg%gpg%%?égH%+ft%%ouPﬁgrEéﬁf@ogxide
su .Suc S .S ific surface area,

re3uy EOE%' g&a c 10 pore i
SBPEnE" ARG O ASE ot A et & . O Pt Eheked | goid sites
syrface _area, .pore vol.une and average pore dianeter
°Tot"t'he Fhdrgani @deiwgbﬁﬁlptﬁ%?tl%%%lﬂn%‘é”%% LPBFPEHRs
red9 &hat the catal yst. has a high activity in the
CRYAFodBs @l FGPPEREY0rT 0 G Cartore b | seSTReiapéific
urface area of the support is from 230 to 500 n®/g,
moiYE@@PHB‘IrytPr 5 30d ftiewigo b/ oithe pbrrevetune
thereof s fromO0.5to 1 m/g, preferably from0.6 to
1 m /e THeeegerhgeopode dbpretér tohéeeafsdds ifrr grhe0
to 120 A, preferably from65 to 110 A The reasons
prepentef ohvansiag ifopirewsircbhd lGraouph 6earet shaandn Grouprom
8 netal in the
580 to 700°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 crushiﬁg 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
calcination 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,

16



i npregnating solution each is thought to be present in
the formof a conplex (the Goup 6 netal has

coordi nated to phosphoric acid to forma heteropoly
acid, while the Goup 8 netal has coordinated to the
organic acid to form an organonetallic conpl ex).
Accordingly, when the specific surface area of the
support is smaller than 230 nR/g, it is difficult to

pohbgbbyuﬁbspgh@egﬁ@ﬂég@ﬂﬁﬁréudlamgg@ﬁnat|on because of
t he bul ki ness of the conpl ex. aresult, it would

be diffd Cé%éd?l@f@ﬁk%ﬁbé hegyl ak;%rteh%lf&fw%cprh\%rage
t he above active sites (e.qg., phase

poPQa§§am@E%r) %V%%éMyﬂbﬂdghfé*BQfd@9%@8%@£%S£hb§1d be as

subj ected to sulfidation treatnent e specific

fo_nsif’%{d?cgoaq:ﬁ%tmtht h% %h%qg%"g Hass &;I'7h fgkgi ng 39\70{%&?_{1 the

€ support ot SO0 exce
r ter nd he ves cata al so
hyﬁgggﬁ% sorg%glﬁoﬁofé car %ﬁ th %a%%eFéflC

ef erabl e. t he dla t t he y is
sulF&FF SREsuPFuLhsad it e??i%ftﬂeiﬁ?é 48
cause the dlffu5|on of gvlfur conpounds into the
Pr%ﬁ?ﬁﬁ? ¥ hor8s 300 .onééror e 8nt . ek Atife Vedrans, difipreeof
of the support is 0. or nore, the anount of the
isghroent - Beﬁétﬁa@ﬁﬁ@rlﬁﬁ@ b Ipbrieeen U notteol sHa! 6 -
when a catalyst is prepared by the ordinary
The np¥egadei brrretheme tard themeo ft Hes chsenield to 120 A,

preferable. Since the solvent amount is small, the
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 precisely regulate the
formation of the above active sites (e.g., CoMoS phase,
NiMoS.phase, etc.) even when the resulting catalyst is
subjected to sulfidaticon treatment.

When the specific surface area of the support is
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conmpounds of active nmetals show poor solubility,
resulting in inpaired netal dispersibility to give a
cat al yst having poor activity. Al though a technique of
adding a | arge anount of an acid, e.g., nitric acid is
effective for enhancing the solubility of the
conpounds of active netals, the technique nmay result
in reduction of the surface area of the support when

500 he® aridk isnadoed, tMeto@phargenad ampunrlb, dddirgly

reduction is a major cause of a decrease in

sm&lESUbS HE | Bk heReaChhMi htn When e P o) dume0f o ey 56
support is 1 m/g or snaller, the support” has not so

hasﬁ%«& §@e§1h£md§%£ae§am%&%§,a% t&%ﬁa%ﬂé/eca@é al s

ence show good dispersibility, resulting in a

pr%@%. hawh&gi gi&gpgegéuld{i%@ie al,| oba %ﬁqseact i%&%gs-t is

e pore rof suppor

| oy ger, _t catalyst on.whi.ch the active netals are
sl porraa TaEThar 1l SRaiTiES: S MRt e TR ceSrese
case.Ls _preferabl The catal yst .having a smal] pore
NG EhEt G T HAsOT oaULEH dESIPPIPTZAL T 4dS AT y* DECaReTes
. the giffusion of sul fur conpounds into the catal yst
1S fp e F5CL¥Rsuf ficient. Wien the pore dianeter of the
support is 120 A or smaller, the specific surface
ar ea "ben fde QN iyt ueataf ysitei suppersoisndl- b addg or
hence the case is preferable. Wen the specific
noRgy fiee Hpeanbf ofheheasalysnti peswdlating into the

pores 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
cf active metals, the technique may result in reduction
of the surface area 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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the dispersibility of the active netals becones
insufficient and the resulting catal yst has reduced
desul furization activity. Preferred exanples of the
Goup 6 netal to be contained in the catalyst of the
i nvention include nolybdenum and tungsten. Ml ybdenum
is particularly preferable. The content of the G oup
6 nmetal is from10 to 40% by weight, preferably from
aclbviey35%by weight, in terns of an oxide anmpunt
based on the catal yst. The content of 10% by wei ght or

nor e WiseSUihd CheRE qf BhePERAUE RB Lt RRRIJBCti s 60 A or
attributable to the Goup 6 netal. en the content

la%§e999Q9¥ E%F%ﬁ&s%rdﬂanf%h EH%ZgEHfQ@HﬁggiPE 59@

oup 6 netal conpound does not occur in the step of

2 §E84058, Tsbeh TR caREh oD (URBLILTD) o UL e

dition nhanced talystic activity is observed
caBeoih B pREARTRS S, T A A, £ (SREE oS
.exceed ,the limt for efficient dispersion and the
AP P Ared C 5SS F5E LMty et bhlsh PRGARgt the
.the case is referable. Preferred exanples of the .
d1EBEpCB ﬁétéPeﬁﬁfl&&@PQﬂﬂﬂﬁtlﬁﬁﬂiWﬁ% taipat cBptedt 1s
. of the Goup 8 netal is from1l to 15% by weight,
1ngpbfaFaBny-from3 to 8% by weight, in terns of

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 prefeﬁable.
When the specific surface area of the catalyst is small,
the dispersibility of the active metals becomes
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
moiybdenum 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 amouni 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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an oxi de anmount based on the catal yst. \Wen the
content of the Goup 8 netal is 1% by weight or

| arger, active sites attributable to the G oup 8
metal can be sufficiently obtained and hence the case
is preferable. Wien the content is 15% by wei ght or
smal | er, aggregation of the G oup 8 netal conpound
does not occur in the step of Goup 8 netal

agd PPGLEDahi 8R thSURRGID BUne @S WdhdKhidd @998 not occur
di spersibility of the Goup 8 netal. In addition, it

in i €hd hougpt cEhatoapee ger0f ;GRRe .é%i5ﬁc(su%§éfbﬁﬂ?gh

precursors for species such as 9S8 and N

. : |. such A
re @B { AGCLLVELBAL 8l 5 e%glg)aflgrt he @0 ?‘%#smé %3@9?

as cobalt and ni ckel, an her a cobalt™ spinel,

In rﬁ&c&f’& i gﬁl ”?kh%c‘éﬁe claltléﬁ Fhedd %Sctz'ov:ﬂtncplrgofg}g&t;grdvé
suppor% attices are Rot formed. ccoﬁﬁlngly,
enhanced catal ytic activi IS served and hence the

be%%ﬁ%ﬁigh%r%?%#éﬁFeP%TEQEOE%Q%ﬁ %ﬁéaga%ﬁ%r??Bne%?eEd
the. Goup 8 al . to the Goup 6 nmetal, which are

th oF T Relo nE EFott PELpEaRos SRLATE ST Hoves #1522
%geferably about from 0.1 to 0.25 as a value of [the

dogg Jifpt et APFTPPhE EPGGF 258 nealthhtt Hh S &ipr 615
netal] in terns of an oxide anmount. Wen the ratio is

prefaryrleéarger, the formation of a CoMS phase, N MS
phase, or the |ike, which are thought to be active
si t e redre eslilFianzka s onf thkengrouphBbinegd]l include

resulting in a enhanced i nprovenent in desul furization
cobalt and nickel.

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

When the content of the Group 8 metal is 1% by
welight 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 cccur 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 Co0O, NiO, etc., which are precursors for species such
as CogSg and NizS,, 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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activity, and hence the case is preferable. Wen the
ratio is 0.25 or smaller, the formation of the above
i nactive species of cobalt or nickel (Co9S8 or Ni 3S2)
is inhibited, resulting in enhanced catal ytic
activity, and hence the case is preferable. The
content of phosphorus is from1.5 to 8% by weight,
preferably from2 to 6% by weight, nore preferably

intoepo3atedbimbyupRicght .14t 1€ 852 pE APt OXbdgegamount
based on the catalyst. Wien the content is 1.5% by

Acwekghhgok, | @ni@hcdd daaBfEesuned: {hat t he g%@@?v@? and
net al ?orns a heteropoly acid on the tatal yst surfac

heABd Bhahkysdl %L%%%%%QOAM yer MS2 crystals formin
et he step of presul fidation, ylelding 21 sufficiently

t he af}%%;?mgfe@eﬁghtvgg %%%;lo%f ofd Sul f “Zaté‘)” tal

so that t case 1s pref | cular,

b t l.yst t h d I er
R R B AR SR T A LR %ﬁi‘%ﬁsnu?ny °
a nunmber of 2. aver a

' 5 on
res??eleEe g BEVE Sp &S iPhsty %ﬂ]l?rﬁf%% f%ﬂ}yo?bgUt from
h | |ated to 1.5%
0. §resPly éESa's%af”?f% Ut i i it § fe”boht dhEDFoCB9D
or, smaller, the Goup 6 netal sufficiently
8 #‘%‘F% tﬁ@t ErEpBI ¢ F&it@ 1dn itthe @Etal y6tasupkade amgunt.

t he hosphorus not form ng the heteropoly acid
diSp@f ratio is 0.1 or larger, the formation of a

CoMoS phase, NiMoS phase, or the like, which are 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 is 0.25 or smaller, the formation of the above
inactive species éf cobalt or nickel (Cog¢Sg or NizS,) is
inhibited, resulting in enhanced catalytic activity, and
hence the case is preferable.

The content of phosphorus is from 1.5 to 8% by
welght, 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

Mo3; crystals form in the step of presulfidation, yielding
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the alum na surface and does not cover the above high-
quality active sites for desul furization during the
step of presulfidation, so that the activity is not
reduced and hence the case is preferable. In the
content of the phosphorus conponent, the optinal

wei ght proportion of the active netal, nolybdenum to
phosphorus is preferably fromO0.07 to 0.3, nore

suffriefenabl y (Ko PoPOmtnt orbdascaival uetefs for
| P2C61/ [ MD03]. When the wei ght proportion of

de Wl thderiim 40, PHOSRROT HRel 829607 50 rkatgethas t he,
above ratio, fromtw reasons that unification of Co

paAnd My 4 s Aeh eyed @adenga%n%h%dcggﬁg@toftmmenum

di'sulfide can be fornmed after sul ion, active
[ | fprjzat i 2 i MhS
la p %?Z?J gfsa em%l {’5 %%eb??u& t%eggg/fg\)§ %2%/%% pq%sgd;\%d as
Ni hase Lch exhibit high esul-furizatio
mo YR B Ot fe "L 7\ Bob B oF o7 SalSu P ) 2485 on
G RIT Y- 15 DI odUCete BEotHat ARG Chse e Brirarabs.
PhOSSAISE (e BEETUI1S BT ERELLAFRTYSP fs SHobY reditad o
ow ng to no decrease of surface area and pore vol une
largteri-he catalyst and the activity deterioration is

| ess apt to occur owing to no increase of acid anount
and ORothavictieirohagid catlson deposentont is 8% by weight

or smaller, the Group ¢ 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-
quality active sites for desulfurization during the step
of presulfidation, so that the activity is not reduced
and hence the case is 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 [P;05]/[Mo0O3].

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 content of carbon is from2 to 14% by wei ght,
preferably from2 to 10% by wei ght, and nore
preferably from2 to 4% by weight, based on the
catal yst. The carbon is carbon derived froman organic
acid, preferably citric acid. Wen the content is 2%
by weight or larger, the Goup 8 netal sufficiently
forms a conplex conpound with the organic acid on the
Comatabyiskesuntia®@Mos PHAYS @Fcidliy Pyssumedsthat of
the Group 6 nmetal which is not in the formof a
CoROFPhRAsENhBe NS MR @fna St 681 Sr dath 05 4 spsyhf i di zed
prior to the sulfidation of the Goup 8 nmetal in the
deShePnof -REGSU! Bidatiion, MRS Lo acti V. Skiesse
edesuP?uF?zatﬁoﬁc(e.é.?’g'Coﬁgs 6%ase,l %ﬁhb% %haég,
ficiently f rqﬁg h 8..23_or
de%%%éé?ﬁ%EFgékaﬁgei%ﬁ%%ﬂ'ecépegﬁggjésﬂ%ﬁgg%ggu% §agaly5t
netal s. such,as .cobal t and. ni ckel d a cobalt :
hagTideltiohi akeR VIER nal PP LHE 11 K SpEHT eBie case is
iﬁcorgﬂrated in support lattices are not fornmed, so
Preh&fePh&-case is preferable. Wwen the content of
- carbon is 14% by weight or snmaller, the G oup 8 netal
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organic acid on the catalyst surface. On the other
prafprgablRebersuges thet alctdods hatf i reat @brpt exs not
- conpound with the organic acid, and the excess carbon
redesededvinomtehacodgariea saciaf doastawe ayemmind opotrhe

catal yst surface, so that the case is preferable.
volume of the catalyst and the activity deterioration is
less apt to coccur 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 1s 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 1s 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
the Group 8 metal in the step of presulfidation, whereby

active sites for desulfurization (e.g., a CoMoS phase,

NiMoS phase, etc.) are sufficiently formed and hence CogSg
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When the Group 6 netal has fornmed a conplex wth the
organic acid, the Goup 6 netal is sulfidized
simultaneously with the sulfidation of the G oup 8
nmetal in the activation (sulfidation). It is presuned
that in the sulfidation, active sites for

desul furization (e.g., CoMXS phase, N MbS phase,

etc.) are not efficiently formed and this leads to

ort ke épr Bt an Ofe COR3t Phe Ns8S21 e sWBIFChR nar @r‘oﬁf@ﬁtg ¥etals

species of the Goup 8 netals such as cobalt and
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decrease in acti Vi ty because it covers
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the nitrogen adsorption nmethod (BET nethod)) of the
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about from 180 to 280 n2/g. Wen the specific surface
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Group 8 netal, which each
form a complex 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.g.,
CoMoS phase, NiMoS phase, etc.) are not efficiently
formed and this leads to the formation of CoySy or NisS.,
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 poiscn.
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are thought to be present in the formof a conpl ex
(the Goup 6 netal has coordinated to phosphoric acid
to form a heteropoly acid, while the G oup 8 netal
has coordinated to the organic acid to form an
organonetallic conplex), each is in a sufficiently

hi ghly di spersed state on the catal yst surface even
when each netal conplex is bulky. As a result, it is
easy 110 Pre&stsebyenhagukatettihe thorimtden of the

af orementioned active sites through sulfidation,

hy¥herneby1dueat-alysin haw r&&umrﬁﬁ%iéyréza@égn011 the
activity is produced. Therefore, the case is

caggl%g&a@fe th\éhq@ld&eclwcgﬁa&lé%g@&etﬁé e@oﬂnﬁgg %BE/ g

I'ler, the pore di aneter becone not
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I amet er ence furiz n ac
rotreating i s not reduced because th ffu5|on of
Ség g% %o%ﬁguﬁ S it fhé)cé%éfy§¥ por%§ a%
sufficient. The pore volune of the catal yst as
Poa%t%%ﬁPﬁéaf the nercury penetration nethod is from
0.3tqg 0.6 m/ , referably from0.3 to 0.5 m/

When 't %?%186Fu§’érﬁéceoa§@ﬁ‘1 /lgSoFStgrgemeq Ry’ the
catal yst has sufficient desulfurlzatlon activity in
nlh?ﬂﬁ@ﬂréﬁ?Pﬁ@tBéEhG§%*Fﬁb (BERT meirr bl el e catalyst

compounds in the catalyst pores is sufficient, so
istpaeuthéremsd S5ls ter G068k aBVE, Ve otied L yperaee wiol firam | 580

0.6 n1/? or smaller, the catal yst has not
to 280 m“/g

When the specific surface area is 150 m/g or
larger, the Group ¢ metal and Group 8 metal, which each
are thought to be present in the form cof 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}, 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. Therefore, the
case 1s preferable.

When the specific surface area is 300 m’/g or

smaller, the pore diameter become not remarkably small so
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exceedingly small specific surface area and
dispersibility of the active netals is not | owered.
The resulting catal yst hence has high desul furization
activity, so that the case is preferable. The average
pore dianmeter of the catalyst, as determned froma
pore size distribution obtained by the nercury
penetration nmethod, is about from65 to 140 A,

thRtetarably tabqutc i Q0: tey 138 AL pBre areherakly 96
to 130 A Wien the average pore dianmeter is 65 A or

hehBBO8ES11FERGLAM IS AL 2P i £ P ﬁﬁfmyégot%gt&ha RQr é%t
and hence desulfurization reactions proceed

re8hERE aLLYse Qﬁé‘@lffd&&@s@f@uffﬁ:eié bsanﬁge@n%e

average pore dianeter 1s 140 A or snal usi on

thgnggtgﬂisho%%%éss 146 sq%;of{ sgl d‘g@ry and internal -surface

e pores is uced, so that effective
speci |c surface,area the atal st_ do ot decr ease
A ITTySY

and the" riRfir e Rg est 8 ygpe ﬁgs &ﬁ’éﬁﬁbmﬁ?
n_order to increase effective nupber por e
thg PRy Wy PR e ot Hetbnt S oSk bédtabﬁvé, SEE
gre dianeter distribution of the catalyst, i.e., the
PrEfERaPLYok ToM Pored halithd s #i ankher WhechOFs WPiNMmg is
about 15 A based on the average pore dianeter is
0.PeBll at €4 L8THET30 e Tovhalret chadpl §uBEieeen0Y nore
preferably 40 to 60% Wen the proportion is 75% or
degppfnei zathenc amyoumd- 1t o b sl Fert zed becapse the

limted
diffusion of sulfur compounds in the catalyst pores is

sufficieﬁt, so that the case is 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
résulting 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, is about 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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to specific sulfur conpounds and all the sulfur
conpounds can be desul furized, so that the case is
preferable. On the other hand, when the proportion is
30% or larger, pores not contributing to

desul furization of gas oil do not increase and, as a
result, the desulfurization activity does not

remar kabl y decrease. Myreover, the catal yst of the

saPy888RLokPVERLI QR tieS nanrefisraply one, Woerehd Abres is
average nunber of the lamnated |ayers of the Goup 6

nogﬁwauggay' Ehdensuch /a8 smlyb fﬁésyﬁﬁkgg?g%ggvs%

Frough a transm ssi on el ectron mcr oscope a r a

e ek b e b, Bab AT (s ot nese ] KBk b LS
h forHed ggnthg i@gﬁg%@iq oxi de support, 27 not only
<efve o 'icreaSe theYcont act area of the cat al yst

but al so have actjve sites, e.qg., a Co¥%§ hase,
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catal ysts wherein the gverage nunber of such | am nated
safh5ey $ngstbesrgre) FEgE e fiotds I T Hr e PPopert FBA

of [omﬂg active Tépell sites of a CoMbS phase, N MS
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that the case is preferable. On the other hand,
prepghtyoacefveorggpaaping tesligimet QoMIS. phase, WNEMLS

phase, or the like are formed and absol ute nunber of
ab¢he ACHiI Xebsskdsonsthet avieadweedbdre chiahyisé s wberei n

the average nunber is 5 or snmaller. Consequently,
re¢hbstedatal st $0exhi BiSE  hicgte ferably 35 to 70%, more
preferably 40 to 60%. When the proportion is 75% or
smaller, the compound to be desulfurized is net 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 oil 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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activity and hence the case is preferable. In this
regard, as photographs of the transm ssion electron
m croscope for the analysis, those capabl e of
visually observing the crystals of the Goup 6 netal
di sul fide such as nol ybdenum di sul fide in the nunber
of 200 or nore per field of view are enpl oyed.
Furthernore, the in-plane-direction |Iength of

nodi suliki derhyears ofctdesSonp Mphehst syehaasrt Bge
nol ybdenum di sul fi de, observed through a transm ssion

ca®h@GLiOR U GINAILMNEre IacSilfd abl Ve drom & t0a3céme§1 phase,
pre erably from2 to 3.5 nm on the aveérage. ~The
c
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pref rabl é because the
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to presence C ybdenum
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128515512 e S HE8 Thaes ™ i 0| FRESEapb PG agon of
t b f | ane-dj rectio
Lo LGP 8 TY PRt G Rl e |G Sy B er HbiigS Bhase,
becauie t he absol ute nunber of edges is not reduced

OroWAg lidendrichdredsse hav sildebrachby ybdentm Bhahl £hae

crystals and hence active sites of a CoMS phase,
Cafp\VBS praSerable-he A0 K aitver s@fﬁﬁledblr%hhy active
sufficient nunber. In this regard, as photographs of
Typheldr apsmisssifor CalMedt g as cribdoperfasct her the like
anal ysis, those capable of
are formed and absolute number of the active 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 caééble 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, observed through a transmission
electron microscope, is suitably from 1 to 3.5 nm,
preferably froem 2 to 3.5 nm, on the average.

The in-plane-direction length of 1 nm or larger is

preferable because the cobalt and nickel can form a
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visual ly observing the crystals of the G oup 6 netal
di sul fi de such as nol ybdenum di sul fide in the nunber
of 200 or nore per field of view are enployed. The
catal yst of the invention having the properties
descri bed above is preferably obtained by the process
of the invention which will be explai ned bel ow.
Nanely, the catalyst is preferably obtained by a

sq@é@@eé§r¥&ﬁi§ht9% pERES cOURPARLItR] &1 dgasit Aner ofe t he
af or enent i oned oup 6 netals, at |east one of the
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descri bed usi ng a sol ution con
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follomed by drying. Exanples of the conmpound
of &AAF nihglat @%%%dn@i\’élﬂg te Be dsedgata Het aboye of
i npregnating solution include nolybdenum trioxide,
mo kg dareap hdsphbf i ée ag s tasmsoandmh emsiey liddtiere ol i ef a
acid, and the |ike. Ml ybdenum trioxide and
COMﬂﬂ)&hﬁﬁmos®hM©ScpheBa,ape phef driked caBudie compoumdisin a
are added to the inpregnating solution in such an
sufahouingnt hatmibde. resul ting cat al yst

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
aforementioned 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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contains the Goup 6 netal in an anount within the
range shown herei nabove. Exanpl es of the conpound
containing a Goup 8 netal include cobalt carbonate,
ni ckel carbonate, cobalt citrate conpounds, nicke
citrate conpounds, cobalt nitrate hexahydrate, nicke
nitrate hexahydrate, and the |ike. Cobalt carbonate,
ni ckel carbonate, cobalt citrate conpounds, and

Grsugkgl mekhhat & CoMRRMARS &lif PIef e rede cPanpi 9%@&&1

preferred are cobalt citrate compounds and hi ckel
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deconpositjon rate is low, such a highly active phase
can e ei eht Fhef 6PREAUAE Femtédge Wart $I6TuR He metal
nol ybdenum di sul fide or the |ike. Exanples of the
LoabBvBsgebant téiet PRCE Sc OBt L imE | SRleuebpal inclnjie
citrate (CO3(C6H507)2), cobalt hydrogen citrate
mot ZofIEBHBOLY Logdlial t meiltvtetarlmgapric acid, ammonium
(C03(C6HB07)2.CO0) , and the |ike. Exanples of the
mohybieke, cinplabeicompiwndsirichdihalel nkekel bosyodéname
(Ni 3(C6H507) 2) ,
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 amcount within the range
shown hereinabove.

Examples of the compound containing a Group 8 metal
include cobalt carbonate, 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 decomposition
rate as compared with cobalt carbonate and nickel

carbonate.

Namely, when the decomposition rate is high, the
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ni ckel hydrogen citrate (N HC6H507), nickel (11)
citrate oxysalt (N 3(C6H507)2.NN O, and the like. The
citrate conpounds of cobalt and nickel can be

produced in the followi ng manner. In the case of
cobalt, the conpounds are obtained by dissolving
cobalt carbonate in an aqueous solution of citric
acid. Acitric acid conpound obtained by such a

coPBl pod My e 1used-as dd dvh 1@&@t§éy§£a9ég§ak%fﬂoehe
wi t hout renmoving the water therefrom The
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solution i such an anmount ‘that t resu
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t hydr at
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I|c aci d, .succinic .acid, glut ric acid adi
thacgawﬂeaf&.t&ogc.r&tepﬁt%m% e T Sk h Fet g nase
salicylic acid, malonic acid, and the like. Gtric
Ca%c]Pa HHhORGAERIE Y £ PmerbrdbiEn 19998 PP t aft the use
nmpounds cont ai ni ng substantially no sulfur as the
mobY@ﬁﬁPEma@F§§lf%ﬁ§hQ§tﬁhﬁ:%ﬂ%?ﬂ|s used as the organic
acid, the citric acid may be in the formof citric
aci d Baaowel o ofrayhgeabpveheobeith off ta adiet dompagindis
compound with a Goup 8 netal such as cobalt or
inpletel cabakbnt(iidned idbete (Cosz(CeHsO7)2), cobalt hydrogen
citrate (CoHCgHs04), cobalt citrate oxysalt
{Co3(CgHs07}2.C00}, and the like. Examples of the nickel
citrate compounds include nickelous citrate (Nisz(CgHsO7)2),
nickel hydrogen citrate (NiHCgHs07), nickel (II) citrate
oxysalt (Nis{CgHsOy)..Ni0)}), 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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It is inportant that the organic acid should be added
in such an anmount that carbon remains in the content
as nentioned above in the resulting catalyst. It is
advant ageous that the addition anbunt of the organic
acid relative to the Goup 8 netal is such that the
nmolar ratio of the organic acid/ Goup 8 netal is from
0.2 to 1.2, preferably from0.6 to 1. The nolar ratio

of 0x2Qf1lAr Q87 drse RELE SN Abl £- 1 Becausgqactiive 1S tRS ¢
attributable to the Goup 8 netal are sufficiently
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achieved and thus the case is preferable. . .
acidy 36t oY %Ci?cFé'aﬁééﬁPéﬁeéﬁsldt'hé’P Hd addi £ on C1tric
anmount of the organic acid _relative to the total of
ackdonplypr Bt fet &l PARASTRE LG oud '8 Ifet PGt Fife ht¢ hate
the nolar ratio of the organic acid/[(Goup 6 netal)
COWC{@%pCO@t%FhFV] spbspass 1 lyndd eﬁrl%lfp%l”éf%? a@ll%/
0.28 or snmaller, nore preferably 0.26 or smaller. The
orgmilia? aaid®- of 0.35 or smaller is preferable because
t he excess organic acid which has not forned a
conpldewictif rtilve aretdl i gloesedods teaabmgenithecid, the
catal yst surface. When the organic acid
citric 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 menticoned 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 attributeble 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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remai ns on the catalyst surface, the acid may fl ow out

together with a feedstock oil in the sulfidation step.

Exanpl es of the phosphoric acid include various

phosphoric acids such as orthophosphoric acid,

nmet aphosphoric acid, pyrophosphoric acid,

triphosphoric acid, tetraphosphoric acid,

pol yphosphoric acid, and the 1|ike. Othophosphoric
fudt{ydihsopanhkeubarhy prefield ediphsrt hee PhESPNOELCLhat a

aci d, nol ybdophosphoric acid may be used, which is a
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met al C n t does,.not
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n_aci ch as__nitric acid, .an organi.c aci e,
andlof e THE"oRdpde Rl A i di e a5  mad hoe
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GrREr 6 BB Loenl HhenTant o gl as e CedC Phere
re cases where carbon deer%p fromthe organic aci d
Mo+ dkaf A5 Pn L hENEaPEPFE ¢ AL /MBI TP i & BHkf bt oF e (Group
ingortant to regul ate the carbon content in the
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above inpre%nating solution, the solvent to be used
mof@rpeesespblirglt R alowaaddgoneritise imolat eratio of 0.35

or smaller 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 o0il in the sulfidation step.

Examples of the phosphofic 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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When the anobunt of the solvent used is too small, the
support cannot be sufficiently inpregnated. \Wen the
anount is too large, a part of the active netals

di ssol ved i s not supported on the support and remains
adherent to the rimand other parts of the container
for the inpregnating solution, so that the desired
supporting anount cannot be obtai ned. Consequently,
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within this r.an e above resp ctive conpone
aCléh ba* te & sfagét ar ﬂ%}: g I R 1 C?hiéo‘%%ﬁ}%ﬁt"”’?ﬁethe
H of the_above inpregnating solution is referably
CORBRRPIt haflls CXAREH & K 1 15 K esse14H 55¢He  HABUNED
of hydroxyl ions is not increased and the
Or%%BFalﬁﬁﬁﬁoﬁsa&ﬂqu/qﬁﬁRﬁ%ﬁf§tﬁ?%ﬁ%dﬁh%r%c?@rﬁﬁa t he
Goup 8 netal is strengthened and thus formation of a

deééﬁﬁﬁeﬁr@‘“ the oreepig metid yenabeel B atled. cAEadyst
result, the nunmber of the active sites for
Obﬂésuﬁﬂuriiétnént@@ﬂﬁﬁ9rqﬂnmn9ru¢nﬂﬁi@ha@@ul@tethhe
i ke) can be greatly increased and hence the case is
cappefierabbtentThe ither gartiad yod deo suppoithis ther egngted
with the
shown above.
In the above impregnating solution, the solvent to
be used for dissolving the above components is water.
When the amount of the solvent 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
g, 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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i npregnating solution thus prepared to thereby deposit
t he above respective conponents contained in the
solution on the above inorganic oxide support. The

i mpregnati on may be conducted under various

condi tions. However, in general, the inpregnation
tenperature is preferably higher than 0C and | ower
than 100C, nore preferably from10 to 50C, and nost

wiBheherabky rbnegm, 13 HoO 3ze T Sgbé@tffﬁé‘aébﬁﬁoﬂ@ﬁtgdcbﬁ be
preferably from'15 mnutes to hours, nore preferably

sa%&@@a@@o@ﬂ%t %S.Lss%l%é?:p'\“/i\hen }‘tﬁiﬂdscy@éénpf eferably from

mnutes to 1 hour e |1 npr egnatl on

tenpef@é 4 L £R9 gbgt}e. iﬁgggggla%% OGRUT, u@{anlgsthe

|npregnat resul URevenness o

ree-of dlsper i_on. fe o_st
pre%% ugéydurlng thg'l re&ﬁﬁ?f&ﬁj At e+5t%%5§o#h?
atiaon, e water, content is renoved to sone
amaﬁﬁfﬂ 3? by SREr L GEB o G ot SR ST 50% or
m a tenperature of roomtenperature to _about
CO%éélPﬁtaom BPdgert Yo &4 %t ridtim Dr93 i vargpd and the
Thereafter, drying is conducted in an air or nitrogen
GrupPednTBE Ainde! STaRGRRNas tistherhtar ko pRavboT of a
| ower, preferably from80 to 200C for a period of 10

comphares Lt 6hepfumin 8 motel pief ecabllgretem- 102 o2 150en1t,

for a period of 5 to 20 hours. Wen the drying is
theondubeedodt thet empervat widesf for desulfurization (CoMoS
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 abkove inorganic oxide support.

The impregnation may be conducted under various
conditions. However, in general, the impregnation
temperature is preferably higher than 0°C and lower than
100°C, more preferably from 10 to 50°C, and most
preferably from 15 to 30°C. The impregnation period is
preferably 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
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200C or lower, the organic acid, which is thought to
be in the formof a conplex with a netal, is not

rel eased fromthe catalyst surface. As a result, it
is presunmed that it is easy to precisely regulate the
formation of the above active sites (e.g., CoMbS
phase, N MoS phase, etc.) in sulfidation of the
resulting catalyst, and that Co9S8, N 3S2, etc. which

un@F EnhB3ET HYEL BREALES O FORAlL, ANG ol CKkBl AL 6 POFerable
formed and the average nunber "of the |amnated |ayers

tooétipetﬁ%oHPX?ugetahrq.%ugwﬁﬁiﬁgﬁgbé?%i&wjybdenum

disulfide 1s from2.5t cat al yst havi ng

S0 o3 4 201 0 96 35 RRRCERD 200, P58

the caseis pr eh rying i

. _conducted_in_yvacu t he 6 drying is preferabl :
5 coRitEe dateoshE8, BeakiRary & R anavs™ Mifper it e of
r

ange.ln terns 05 ressure at 760 nnﬁ%. The _range of
abHo 57 boQlr LORE L hE " dry LRTET 2500°% & S0 FE bz ature
preferably 700 to 850 nmHg, nore preferably 730 to 800
Lo gt ahd frost BrBfEFaBRY £FmAdghetitett s ute. TRRER-
t he Fressure at the drying is 300 nmmHg, or higher, the
Theypgd ﬁ%rpo@ﬁflB@Céﬁe§oﬁ§PCﬁP§héﬁlﬁﬁhﬁ”ﬁOGGﬁWﬂt¥%@%%
of pressure at 760 nmHg, so that the organic acid
sty hot sunpferhe afcoym oft o corppexatbrh atn@tlldl G motower,
easily released. The organic acid, which is thought to
proeerabineffonnBof ta e6ApLexXow th reemetdlof i) notnutes to
released fromthe catal yst surface and, as a result,
24 ihouss pasyréopreferably 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 catalyst surface. As a result, it is presumed
that it is easy to precisely regulate the formation of
the above active sites (e.g., CoMoS phase, NiMo$S phase,
etc.) in sulfidation of the resulting catalyst, and that
Cog8g, Ni3S;, 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.

Hlowever, when the drying is conducted in vacuo, the
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precisely regulate the formati on of the above active
sites (e.g., CoMOS phase, N MoS phase, etc.) in the
sul fidation of the resulting catalyst, and Co9S9,

Ni 3S2, etc. which are inactive species of cobalt and
ni ckel are not formed. Nanely, a catal yst having high
desul furization activity is produced and hence the
case is preferable. In the invention, the shape of

dr&hﬁgCQEaEX%%éféﬂyy c&%ﬂ&éf@&5§$yaé'E&tggtﬁggynﬁﬁebgbove
any of varlous shapes ordinarily enployed for this

te% 8 r%a 1rf &m0 FY, @géufgl bogﬁ andThe
TR e FE g Ik

In general , Size O e ca Iyst
ra?%é?%ﬁn%éﬁﬁp%f S“%Ea%?aht RS A AR 40P ol R,
PrFRERPhE EPehat A CSCEl et S arb abr i about 59 CPo&Pfim
et = Sfﬁw@svt“giﬂéf%r@?%f TR Yo DPREREH 0 o

reactor are destro ed to generate a pressure
dlfféﬂéﬁ%ethﬁﬁ?ﬁ?ﬁsPﬁé PEadher AnydRignd & RP 0 mmig or
continuation of hydrotreating operation inpossible.
highercohpacbed Ibwick rdemsi thed@BB) wét thegkatrathsn R§0°C in
preferably fromO0.6 to 1.2 g/m . The state of ,
tedinst pfbotressusk e &6t ivveigetad stiiat the cagahyst ardgd
preferably of the uniformtype in which
which is in the form of a complex with a metal is not
easily released. The organic acid, which is thought to
be in the form of a complex with a metal, is not released
from the catalyst surface and, as a result, it is easy to
precisely regulate the formation of the above active
sites (e.g., CoMec3 phase, NiMoS phase, etc.) in the
sulfidaticon of the resulting catalyst, and CosS5g, NiaS,,
etc. which are inactive species of cobalt and nickel are
not formed. Namely, a catalyst having high
desulfurization activity 1s preoduced 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
crdinarily 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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the active netals are evenly distributed in the

catal yst. The hydrotreatnent process of the invention

conprises bringing a gas oil fraction containing

sul fur conponents into contact with the above

catal yst under the <conditions of a hydrogen partia

pressure of 3 to 8 MPa, a tenperature of 300 to 420C

and a liquid hourly space velocity of 0.3 to 5 hr-1
frb@ desdl Euminze the gas oil fraction and thereby

di m ni sh the sul fur conmpounds i ncluding sul fur

POWDWW%“ﬁ%éﬁiﬁiégktsEth%HﬂV%f WC R 5 @y, GONt Bl Ly s
in the gas oil fraction. The product oil obtained by

oftQF?Qregﬁéﬁiﬂ% *gﬁgeg%rt%e@cé)n,vefé igpefgpaﬁweﬁgﬁut 2

sul fur conten nitrogen content ower "t

b5 AR, bhﬁigﬂ%‘%.byw%%nh%q{eo%&até@ ﬁ&%‘é"&%#f%t%é Swer

conventi on art. For practicCing the hydrotfeatnen

rocess of .the _invention o commercial scale,, .
enfOFE it REY e L Rorthici et By BrEer dPRg gd into a
fi xed-bed, noving-bed, or fluidized-bed tng_%%tal st
TeaGyRF B °t HESCAPASYst- DI THE 2t hve T oS TR ad L S4B GFCE

_introducing a feedstock oil into this reactor, and
WlF%éEtFH@ rE2GhA&r fRE1ICGhdiltg gt He'seripedohbove. In
the nost common case, a fixed-bed catalyst |layer is
hydrepssaliing areeastion dmpPas FTdeuzst ock oil is
i ntroduced into an upper part of the reactor and
passedthe tepropght ¢dhebfil kedebed tir d@BHe afppdre trttdkyst is
| oner side
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 process of the inventicn
cbmprises briﬁging 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 contained in the gas o©il fraction.

The product c¢il obtained by the process of the
present invention can have a sulfur content and a

nitrogen content lower than those obtained by
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t hereof. The product oil is discharged froma | ower
part of the reactor. The process of the invention nay
be a single-stage hydrotreatnent proc.ess in which a
feedstock oil is treated in a single reactor packed
with the catalyst of the invention, or may be a

mul ti stage successive hydrotreatnent process in which
several reactors packed wth the catalyst are used.

nyBebereahenkg tesef ildud o Pri Ky é&nwﬁtl&{giosﬁat ment
process of ‘the invention), the catalyst of

i nventd on, i s-acti Mgt edcby yauhhix gu&%(}&; ggsl{&eegsea&f Of e

The sulfidation tréatnent i s con f ur

in§ APoUAd: saogt al ﬂg{é%o‘l%tf @d'@&é@}sa rﬂepta%ged 39

ereto, Sult ng "agent™ suc
Ifld or__carhaon dIS If| usi n r,ogen
Cogdﬁ%tge ? grovéﬁpgﬁhture cggﬁﬁgto h%g % T8t ePabl y
5% g under dro en at nosphere havin
ley %588 r YRR Cﬁr y%ﬁcﬁ aF@ep?%Eéhygton the
. gher Throu h the sulfldatlon treatpent, the
in¥GPLEQBt 1B @ £RE S FentiTtr FBITET ot haeddtPajepslofingo
Goup 6 netal disulfide such as nol ybdenum di sul fide
thﬁévFﬁ@C5ﬁravéP§géea|C§rhWat1etd yngest Herbeendi t208sto 5
and an average in- plane-direction length of 1 to 3.5
deparippdoabpRe- catal yst forns highly active sites of a
CoMbS phase, N MoS phase, or the like formed in
ri medgpetlparmmasofcohmeon 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 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 méy 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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nol ybdenum di sul fide or the |ike. In general, at
present, the structure of the active sites wdely
recogni zed as active sites of catalysts for

desul furization is a CoMoS phase, N MS phase, or the
| i ke proposed by Tops(De et al. (N-. Y. TopsOe, H
Tops(De, J. Catal. 84, 386 (1983)). Tops(De et al.
have found that as a result of investigation on the

thetehasce 20fs A £ 1CaMY Sat & yst adeEﬁgEh% Hransfqym
infrared spectroscopy (FT-IR) after sul fidation

ort tcg%ras%nm%nﬂfl%sorcp} o0y a%. h @npggyg%ggl geule,

t he hi gher the desulfurlz |V|ty 0

teﬁ%%@%¥%&e'%f t L3y aggq e %p? §8£ ?p%ggrkve 5B&§m

e Co side and the smm Ier ion ive

ungrgn]t% d%% %ﬁp%ﬁ:The eg%¥eh resuh%ggggg%eggggép§

enone CCUTS e ause

te n a catalyst having high
prSéEuFFuP.z&Fi égﬁﬁgﬁﬁékémﬁftmég%% Zlyst g} tgheIg

i nvention is oﬁserv d.on a diffuse-reflectance FT-1R

af t er  RUP 9 3at PEnSPEEAFREAC A kT coSTSSEqudite o talyst of
adsorption, a value of the 18 group/(18 group + 16

thgy ét}ﬁf—‘ntéow RIS HATHa e df laygrs ool aheFeip 6 metal
intensity of NO spectrum (1840 cm 1) adsorbed on the
digpdhipdegsishale s §rleprdssam el byl idgrivapiandan average
intensity of NO spectrum (1700 cm 1) adsorbed on the
lamipaped davalk ingmbeapresehtieddys 1ngraupavdhegraline
of 0.7 or larger is preferable because
plane-direction 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
like 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/A1,0; catalyst by Fourier transform infrared
spectroscopy (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 from the Co side and the smaller

the absorption derived from the Mo side. They have
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the CoMbS phase, Ni MOS phase, or the |like, which is
thought to be active sites for desulfurization, is
sufficiently formed and hence enhanced desul furization
activity is attained. As nentioned above, the value is
preferably in the range of 0.7 to 1. Wen the value is
1, a CoMbS phase, N MOS phase, or the like, which is
active sites for desulfurization, is sufficiently

prd OhMBY ERat Bhcgdge phakimetfot e dpl ¥ denum di sutbide

or the Iike and hence high desulfurization activity

ph%§%°Q§f5¥€gv@%%Pg#%er§h9%kﬁgkﬁﬂyeB%%k%?Eéé“fﬂ“ﬂté%églyst

16 group . The aforerrenti"oned characteristic
he. cat : 1 nvent. IS an inportant
haggﬂéeﬁ%§9a§%¥§%Fﬁglkgglég%¥§gﬁjg% ] 'ect of the
i nvention. 41 LES The followng wll describe
Lhe. PRUGhi TG Tor 6L Cpecht| EAFI y AF PR LPE dFefta g ed on a
. Exanpl es _and, Conparative Exanples but the invention
dlfﬁ“ﬁ fr?FﬁFFEBHFS fHe 15 GG mg* e Behbhent and
powder of zeolite SHY having an Si 02/ A1203 nol ar
subpzedeedf BO(aderagéipart ifclVe ldicarkt e 3L oo FBe
particles having a particle dianeter of 6 mor smaller
gregRotint 6f BECBRY, 6F HILILhike thar thadlass)ods- knleadedvherein
together with alum na hydrate. Ige resulting m xture
inpersiext plisNEnspekdedmardd Stdferrcal chdedrhed600Cther G2oup

hour s
8 metal is represented by I8 group and intensity of NO

spectrum (1700 cmd) adsorked on the Group 6 metal is
represented by 16 group.

The value of 0.7 or larger is preferable because
the CoMeS phase, NiMoS phase, or the like, which is
thought to be active sites for desulfurization, is
sufficiently formed and hence enhanced desulfurization
activity is attained. As mentioned above, the value is
preferably in the range of 0.7 to 1. When the value is 1,
& CoMcS 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
afecrementioned characteristic of the catalyst of the
invention is an important cause of achieving the desired

object of the invention.
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to obtain a zeolite-alum na conposite support in the
form of cylindrical noldings having a dianeter of
1/16 inch (zeolite/alumna weight ratio, 5/95; pore
volunme, 0.79 m/g; specific surface area, 311 nR/g;
average pore dianmeter, 93 A). To 22.3 g of
i on- exchanged water were added 10.27 g of cobaltous
citrate, and 2.24 g of phosphoric acid (85% aqueous
ex8@btEEoNn), followed by heating to 80C and stirring for
10 m nutes. Subsequently, 17.61 g of

”Dlybﬂgﬁgﬁ§f¥§%+%%gﬁig&mﬁés@gggg ther 81914 on more

di sso stirring at the same
[ e_f. i nut es t e olution_for
sobSIPEEILITOLKOD 10cPAUIER | DLEPELE g oLUbb 2010k
[ egnating.sol.ution.was .0.52.. JInto an eqggpl ant type
TR ROWRL ] AP Fodted HOT0 5 0% HThpge £0 Ehd
¢ i oILte-aIuniga conposite support. The whole anpount
Obt Ot hBYabBFBPI Afregnati ng sol uti on was added thereto
wWith a pipet and the support was i mersed in the
solution at about 25C for 3 hours. Thereafter, the
supgort was dried in a nitrogen streamand then dried
Exampaemlif fl e furnace and in an air stream at
at nospheric pressure and at 120C for about 16 hours
to obft avawdar abfsteal i Exafififeh2viong24n9 5§ Cuf A1,03 molar
i on- exchanged water were added 4.53 g of cobalt
rathobonate, a¥2r8§eg pafr triwl b dermms ttet ,0x3 de, pb; 3declite
particles having a particle diameter of 6 pm 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 meoldings having a diameter of 1/16 inch
{(zeolite/alumina weight ratio, 5/95; pore volume, 0.79
ml/g; specific surface area, 311 m®/g; average pore
diameter, 93 A).
To 22.3 g of icn-exchanged water were added 10.27 g
of cobaltous citrate, and 2.24 g of phosphoric acid (85%
aqueous soluticn), followed by heating to 80°C and
stirring for 10 minutes. Subseguently, 17.61 g of
molybdophosphoric acid was added theretc and dissolved,

followed by stirring at the same temperature for 15

minutes to prepare a solution for impregnation. At this
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g of citric acid nonohydrate, and 2.63 g of phosphoric
acid (85% aqueous solution), followed by heating to
80C and stirring for 30 mnutes to prepare a solution
for inpregnation. At this tine, 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.

tidde vhel pHaRpuRh cOfi rddie Alavied s BENaL: NGas SOL Ybi on
was added thereto with a pipet and the support was

i mergad, id, thegsphuti eppat f@Q%%t w22C i é’dJkQéH%o 0 g

Thereafter, the support“was dried in a nltrogen

or Stheam,and then duied din . M c?sfé'é”?&lil%@?go

air  streamat atnospheric pressure and
u hqur Catal
wng 8 hnddpe BT ShEnaReE | i A Bt 16t 8 g g patded
) _citrate _an . horic acid, (85%
el Lt Pbi ¢ PR | @gtjomé%@s%ﬂd”(‘ Bhe
irrin Qutes ubsequently, 17.89 g of
50 ?b%ﬂo%ﬁo@ HBFl 5ati ¢ Sa thereto and
di ssolved, followed by stirring at the sane
t enperRFaL ¥F - 181 nF ROPRE Lt B2Fr 8Fdre 4Ns@l MitaIPFBr
i npregnation. At this tine, the pH of the
st g et PRGNS BFGERoA Phals TOLTHA. e | Hixnane eyepl Bnt anyper
flask was introduced 30.0 g of the sane
styeadni2e- afuAPRhecomposicts syppord as 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 melybdenum trioxide, 5.34
g of citric acid monohydrate, and 2.63 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 0.54.

Into an eggplant type flask was introduced 30.0 ¢
of the same zeoclite-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 sclution at about 25°C for 3 hours.

Thereafter, the support was dried in a nitrogen
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Exanpl e 1. The whol e anobunt 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 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 C. Exanple

stfedR 8hadtBedf draR<EXGhangRdr Med ef ;185 8eadfad 10,79 od »
44 of cobalt (Il) citrate, and 3.91 g of phosphoric

st@éb}q aQSQ%%@%%%%CSngggame 1041 oped, By -heat | 2%55%8 16

OC and stirring f 10 m nutes. Subsequently,
h of « p ¢ @cid was added thereto and
© Fsso ve§¥gqﬁo%eﬁﬂh§k%y1§tlrrlng at the sane
tenperature for 15 mnutes to prepare a solution for
i npregnation. At this tinme, the pH of the
[ egpating solution was 0.54. Into an eggplant type
Ex?ﬁgiﬁ s introduced 30.0 g of the sanme
zeolite-alum na conposite support as in
The v@ﬂﬂ@a Ain?T ot OPRE*EBBVE SFnprdGratiHE %%%Jo% 42
was added thereto with a pipet and the sugport was
ofj arBrdbd (LA)t e t&aitet iFgH at- HboutoDoeheephgrhsupsid (85%
Thereafter, the support was dried in a nitrogen
aqeepeaNPanE tiRen s dificdd owed hiufffeat ¥ng naeeS8Rd endan
air streamat atnospheric pressure and at 120C for
staboungl6orhddr sinwtelst-ai P Cmalystt Dy, 17.89 g of

Q0

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—;lumina 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
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Exanple 5 To 22.3 g of ion-exchanged water were added
8.21 g of cobalt (Il) citrate, 2.06 g of nicke
citrate, and 2.24 g of phosphoric acid (85% aqueous
solution), followed by heating to 80C and stirring
for 10 m nutes. Subsequently, 17.61 g of

nol ybdophosphoric acid was added thereto and

di ssol ved, followed by stirring at the sane

oft eapenat yre)f o ths dd Nuhes 3 00 Prepes ﬁ@ﬁgh%h@nat:%
45 inpregnation. At this time, the pH of the

(85%pé§g@@hisngol%®ilgﬂaqn mslc%é&l-b)hnﬂ@a@ﬂnsgael agk ct ¥Rg
flask was introduced 30.0 g of the sane

£222h hbe TRl UTIoNA; CAROST T & SHAROILL A8, | N1g BXRMB 81
° The m%oleranounﬁ'of the above ﬁ%}edﬁatlng ggluflon
r.et i{h pi pet d the support s
molPBABUHREPRIEE 2t st MR rottEe orPE b pdToea,
reafter, .the .support ,was dried in a nitrogen
fog?rgaﬁ1§HdSFﬁ§§l€FP§%iq?%i%ﬁﬁ?l%@?ﬁﬁﬁ%%%r%nganlgn
, ali stream at atnospheri.c pressure and at K 120C for ,
nifsbee° t BRoRrCS: 6 oRtiatrl Chay sk  hambPe- 6 b this
. 22.7 of ion-exchanged water were added 8.34 g of
t”&‘abaFge( PH) ofi thgt eMPX 99 af 1979 nickatientyatel - ahd
3.06 of phosphoric acid (85% aqueous sol ution),
foll og%foo A1 TP hynE ot BOE Ahdskt Wasi Agtiredued 30.0 g
m nutes. Subsequently, 17.89 g of nol ybdophosphoric
of gbhd Gareadgedite-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 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% agqueous 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 sclution for
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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

i npregnating solution was 0.54. Into an eggpl ant type
flask was introduced 30.0 g of the sane

zeolite-alum na conposite support as in Exanple 1.
The whol e amount of the above inpregnating 46 sol ution

sgaddednt henet @ Widt i i Pl Rat dhecsap Feghas
lm]?\@rm%rsed |nn the sol uti oln at abeoﬁE%HjZSC for g@%o{a?s. g

Solﬁgggﬁf&gg ot B@ support was dried in a nitrogen
stream and then 'dried in a nuffle furnace and in an

air he u a QC, f
abour i Toorefe SR ETRE BRERILI e e tn ' 0
OfAJC n SmmgydrageL was .kneaded and the kneaded one was
ex FUSFBR- AoPded ar?&utl%e]r? ca(inﬁ%s eats%%@?o? 2" Hour s
? ?hg :n mna su ort {_]? form
EX%@P'ﬁd ica PG g S A g T Tt ey e %mfilf‘i%n?hi&ﬂg
i&ore volunme, 0.85 nl/g speC|f| c. surface area, 249
SO Fgonaveﬁaaedﬁeréhed?%tverth PP et Tendathye gdgpport
i on- exchanged water were added 10. 27 of cobalt (rr)
wagj {FBEESEAdLR. 2heg Sl WHEED T iab Al dzg? %%Oﬁq%e%%rs
solution), followed by heating to 80C and stirring for
10 m?hﬂre%af%mlbse*qlmenﬁuypom. Basgdgfied in a nitrogen
nol ybdophosphoric acid was added thereto and
std¢éasohuddihen dried in a muffle furnace and in an air

e}

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

hours tc obtain Catalyst E.

Example 6

To 22.7 g of ion-exchanged water were added 8.34 g
of ccbalt (IT) citrate, 2.09% g of nickel citrate, and
3.06 g of phosphoric acid (85% agqueocus sclution),
followed by heating to 80°C and stirring for 10 minutes.
Subsequently, 17.89 g of molybdophosphoric acid was added
thereto and dissolved, followed by stirring at the same
temperature for 15 minutes te 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
cf the same zeclite—-alumina composite support as in

Example 1. The whole amount of the above impregnating

46



followed by stirring at the sane tenperature for 15
mnutes to prepare a solution for inpregnation. At
this tinme, the pH of the inpregnating solution was
0.52. Into an eggplant type flask was introduced 30.0
g of the above y-alum na support. The whol e anount of
the above inpregnating solution was added thereto
with a 47 pipet and the support was imrersed in the

so§9£QBtha%tad@Q%PEh%¥%gd”ﬁf%ﬂ“%”ﬁﬁpé@eéﬁéfEﬁé’SEEFPgS

support was dried in a nitrogen ‘stream and then

wa.énifﬁm Efe!deifrlur‘c'?l%c%o%]ldcdﬂcg} ad}zgc‘!ég?%?téiiﬂﬁ%g 3, hours.

at nospheri c pressure an hour's

to o [ ys Exanple 8 _Tg 25.4 .9 of _.
| on- ehihbsgar b rSuarEERhben e Br i af Eomitrooer

carbonat.e, . 17. 61 .g of. nol ybdophosphoric acid,. 3.97
SCEPRar O £P50 AT L5 12 24 gt prOSPHOrT AL D PBSRT

aqueous solution), followed by heating tp 80C and
SLEQRRr Pho S BP SO RUPEE TG G 'a B0 LF1 6ACT BPout 16

i npregnation. At this tine, the pH of the inpregnating
howugputPoRPHad "0 88 2 lvstto Fan eggpl ant type flask was

i ntroduced 30.0 g of the sanme zeolite-al unm na

conposite support as in Exanple 1. The whol e anount

of the above inpregnating solution was added thereto
Exgicphea’pi pet and the support was imersed in the

solution at about 25C for 3 hours.
Alumina hydrate was kneaded and the 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 HF/g; average pore
diameter, 100 A).

To 23.7 g of ion-exchanged water were added 10.27 g
of cobalt (ITI} 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 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 0.532.

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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Thereafter, the support was dried in a nitrogen
stream and then dried in a muffle furnace and in an
air stream at atnospheric pressure and at 120C for
about 16 hours to obtain Catalyst H 48 Exanple 9 To
25.4 g of ion-exchanged water were added 4.54 g of
cobalt carbonate, 17.61 g of nol ybdophosphoric acid,
5.11 g of DL-malic acid, and 2.24 g of phosphoric acid

piéé?ggﬁgu% Us g g%b%&%o%ks'ﬁ 'le 91?9 @nd

frrrin m nut es S tlne t he

ab#?? ggagtkgg %oég&& n was 0.56. Into an eggplant type

s Irntroduced 30.0 ¢ of t he sane
zeol ite-alu na c€$305|te S ort as in.

The BT e 3  RePEBE Ve hpFaget iy Eﬁﬁﬁ%%
was addgd hereto LBaiﬁgng t he suggg ,
SUYGBreBY FACPhETLE ﬁ”or"f‘é‘i =258 For hbﬁr@n air
Thereafter, the support was dried in a njtrogen
St%??%aﬁFaﬁEmPﬁéﬁe&ﬂFe@QQ§%?ﬁﬁﬁqﬂﬁeq%r%%%ecaﬁ%r APgRt 16
air stream at atnospheric pressure and at 120C for
howpsuto18btRénr Satte lokttain Catal yst |. Exanple 10 To
25.4 g of ion-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 ¢
ExgfipléaBtaric acid, and 2.24 g of phosphoric acid (85%
agueous

To 25.4 g of icn-exchanged water were added 4.54 g
of cobalt carbonate, 17.61 g of mclybdophosphoric acid,
3.97 g of maleonic acid, and 2.24 g of phosphoric acid
(85% aqueous solution), fcllowed 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 zeclite-alumina composite support as in
Example 1. The whole amount of the above impregnating
sclution 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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solution), followed by heating to 80C and stirring for
30 mnutes. At this tine, the pH of the inpregnating
solution was 0.56. 49 Into an eggplant type flask was
i ntroduced 30.0 g of the sanme zeolite-al unm na
conposite support as in Exanple 1. The whol e anount
of the above inpregnating solution was add thereto
with a pipet and the support was imrersed in the
Exgﬁ%yél gn at about 25C for 3 hours. Thereafter, the
port was dried in a nitrogen streamand then dried

|0 3 e (rnace And, LNLARoR lasBt 6AAaaca 4. 54 g

atnn eric pressure an or “about
ob st J. a Ie 11 T . : :
of | %b%iﬁ‘h%% méfeer“b-r%é Jigt o %ph%?p%%ﬁaﬁam;
trat and 3 06 phos 85% ueous
5. £b1 G onf L PoRowad by RS g £ & & émaspe? Firi Agd
for 10 m nutes. Subsequently, 17.89 ¢
S%DI%%H%ﬁHBSEHéPFéOQéVd@ﬂ%}qy chﬂeﬁﬁh@%t%ﬂ BPi oxrBE
wer e added thereto and di ssolved, followed by stirring
stp¥ripfel gan8Ot BAPELSSUr e Morthiss i Hig estho @geﬁﬁréhﬁ
solution for inpregnation. At this time, the pH of
imppeanahpnreggRal Lhgosola@si ¢h Mas 0.57. Into an eggpl ant
type flask was introduced 30.0 g of the sane
zeol iltrd=calaumi e ebapost yeesdppekt was iimt rédamede 30.0 g
The whol e anbunt of the above inpregnating
of the same zeclite-alumina composite support as in
Example 1. The whcle 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 I.

Example 10

To 25.4 g of ion-exchanged water were added 4.54 g
of cobalt carbonate, 17.61 g of molybdophesphoric 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 (.56.
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sol ution was added thereto with a pipet and the
support was inmmersed in the solution at about 25C for
3 hours. 50 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 Catal yst K Exanple
12 A powder of zeolite SHY having an Si Q2/ Ai 203 nol ar

rati an@b Gl ARIAGR Par§pel g1 dipnpher 1n§réd%eae@ld toe 9
particles having a particle dianeter of m or smal

cﬁfqgﬁ?%ﬂ&néOieﬁffﬁgiaﬁhﬁﬁgg cgﬁb%%ﬁk%sk

together wth alum na rate. The res |ng mxture

I
N R

t he formdgftﬁg dri C%!h rml d| n s havi a di anet er

[
SOlonnC]l?Ilé”aS (zeo Ftesar arlrdattl Qrt was

, | m/g; f f 374
imfi e i s rut T Skt @E%'ué Yl Cr‘ig?aréﬂe%lﬁ

i on- exchanged water were added 7. 92_g of cobalt (I1)
ci tr aPET&RT 158768 t@%f“ﬁﬂb@%o‘i’?% ‘?;\EiLﬁd(%O/@ Q&Gé@@§n
solution), followed by heating to 80C and stirring for
st DR AR elh e@u%%é%ﬁeﬁ’ﬂl ¥, myffgg gugmace and in an air
nol ybdophosphoric acid was added thereto and
stiftas gl ivertmo seh¢ pivedrbgsstirer fng &t tIR® Sar about 16
tenperature for 15 mnutes to prepare a solution for
houmpriegnetioim @etahyst J.

Example 11

To 22.1 g of lon-exchanged water were added 10.42 g
of cobalt (II) citrate and 3.06 g of phosphoric acid (85%
aqueous solution), followed by heating to 80°C and
stirring for 10 minutes. éubsequently, 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 zeolite-alumina compesite 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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time, the pH of the inpregnating solution was 0.48. 51
Into an eggpl ant type flask was introduced 30.0 g of
t he above zeolite-al um na conposite support. The

whol e amount of the above inpregnating sol ution was
added thereto wth a pipet and the support was
imrersed in the solution at about 25C for 3 hours.
Thereafter, the support was dried in a nitrogen

streamandh thep, deh8dsiPpariufbke dhulhage, and, i an
air streamat atnospheric pressure and at 120C for
t r : ai I e.13_T0._ .
Sy B o SrdRshon Aty er & Bich §34'p Brats
lt.,c d 4.29 of 0 ic~acid 5%
s E et TR Y sttt oy LT ngt d oo BbkT apott 16
1 utes., Subsequently, 15.26 g of

stirring,for g m .
hoﬁﬁ?y%@e%ﬁﬁ?ﬁpi Ritde YRds fadded thereto and di ssol ved,

followed by stirring at the sane tenperature for 15

m nutes to prepare a solution for inpregnation. At

this time, the pH of the inpregnating solution was
ExamnB6S LAto an eggpl ant type flask was introduced 30.0

g of the sanme zeolite-alum na conposite support as in

Exanp} eeawdeheo fihat el ARkpufitlYohavhadapsy & itapréghatiakar

sol ution was added thereto with a pipet and the
ratuppoft 6 Waseirager ped tiln ltchal isolatteon at5 alpout z@5Cifer

3 hours. Thereafter, the support was dried in a
panticdgenhaving a particle diameter of 6 pum 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, 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 ccbalt (II) citrate and 3.68 g of phosphoric acid (85%
agueous solution), followed by heating to 80°C and
stirring for 10 minutes. Subsequently, 12.08 g of
molybdophosphoric acid was added thereto and dissolved,
followed by stirring at the same temperature for 15

minutes to prepare a sclution for impregnation. At this

time, the pH of the impregnating solution was 0.48.
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52 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 M Conparative
Exanple 1 In 21.6 g of ion-exchanged water, 3.31 g of
cobalt carbonate, 11.41 g of nol ybdophosphoric acid,
and 1.17 g of orthophosphoric acid were dissol ved,
whereby a solution for inpregnation was prepared.

I nto anc&99R! ahgp1hnpecibaskivas Wiy aduced 3@ 9 of 4

a y-alumna support (pore volune, 0.69 nl/g; specific
of?rﬁgéa%%o%%e%eoqucél%{lgimir?é’ XS POLEE hAPBLEL, BhA) -

whol e amount of the above 1 npregnating sol ution

Wh%%mére Q%gxﬂ_tt Rer &hQ Whih, 2 ir@éPeZ%%%?Paégg?%ﬁPg%t wi8S added

rsed in the solution at our.
Thereafter, the _suppor s dried in a nitrogen. .
ehge EE S LB 2 JIsRT PR 0 Sk fy 3o r L3R g amy e
n_.air _stream,at,_at heri.c pressure and at 120C for
soTRBEE" AThghP tand ther el dIHEH" at 500C for 4 hours
to obtain talyst a. Conparative Exanple 2 To 20.2 ¢
of i oM*eXEhanged WAEePURBPE Caddsd dF 148 ¢ Gt HobHtqen
(I'l') citrate and 1.17 g of phosphoric acid (85% _
st z8aBoasdsSRER GHLec Gt et bl hebt T RYCE 02 BBCIANANES1T
stirring for 10 m nutes. Subsequently, 11.41 g of
stream at atmospheric pressure and at 120°C for about 16

hours to obtain Catalyst L.

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%
aqueous solution), followed by heating to 80°C and
stirring for 10 minutes. Subsequently, 15.26 g of
melybdenum 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 sclution 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 amcocunt 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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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 npregnation. Into an eggplant type flask was
introduced 30.0 g of the sanme zeolite-al um na
conposite support as in Exanple 1. The whol e anount
of the above inpregnating solution was added thereto

sthebh @n@'E%%n@@gnkﬂﬁJ§PQPQ%IffM@SfﬁPW§£§eQanlhh§n air
solution at about 25C for 3 hours. Thereafter, the

st§HBfﬂ°Eﬂ: %&o%ph%%aﬂ Paféygdw%dsgé epsm ° éUPéfqgsth 16

dried in a nuffle furnace and In an air stream

hog%gD?Ehggkglgf%g%ghgmgg at 120C for about 1_hour,

en cal ci ne for 4 hours to obtain
Catal yst b. Conparative Exanple 3 To 30.0 g of
i on- exchanged water were added 2.61 g of cobalt
carbonate, 6.41 nol ybdenum tri oxi de, 6.14 g of
CouppfrEiyEi §% &%ygra and 2.77 g of phosphoric
aci d (85% aqueous solutlon foll owed by heating to

80C HhdstPriing +68R- %Cﬁ?ﬁﬁﬁé{swﬁéeﬁweﬁa@é & <O digkmlt
for inpregnation. At this tinme, the pH of the

carhpragfat ing 4 lsol Ofi §19 R IgEPh o B arcEdgprBadt 1t ¥Ped
flask was introduced 30.0 g of a y-alum na support
of (pbEBORBPERBOrAC6 BOHY gerspatiFiclvead, sulrdaelyarea,

240 nR/g; average pore diameter, 72 A). The whole
soanbunt 6P rt hepalegve tiimpr e@mtm@mmti ohnasaaddedplant
type flask was introduced 30.0 g of a y-alumina support
{pore volume, 0.69 ml/g; specific surface area, 364 mz/g;
average pore diameter, 64 A). The whole amount of the
above impregnating sclution was added thereto with a
pipet and the support was immersed in the soluticn 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
air stream at atmospheric pressure and at 120°C for about

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

Catalyst a.

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

aqueous solution), followed by heating to 80°C and
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thereto with a pipet and the support was i mersed in
the solution at about 25C for 1 hour. Thereafter, the
support was dried in a nitrogen stream subsequently
dried in a muffle furnace and in an air stream at

at nospheric pressure and at 120C for about 4 hour,
and then cal cined at 500C for 4 hours to obtain

Catal yst c. Conparative Exanple 4 To 19.3 g of

thopiaychangad wakefaer e added, &.2819, of gebgl Le(ll)
> citra?e and 5.76 g of phosphoric aci% (85% agueous

mo§9babgae)sphfoqlilco\g%qcbwgea&&d@j 1.0, 80L 8ndngShi E6bRYed,
for 1 64 g of

m nut es. Subsequently, 12.

. d q
rofPLYBHOBRO SIS AT e SHe LfBL LR, PR ror 15
te ure for 15 m-nutes t are a ggéHEion for

. er at { re

mi OB POREAC thito 11T 1Ho PEPBIo?
i mpregnating solutio s 0.46. Into an e | ant type
1 Bsk i Tt SOHHERAr 3hugeg F 1P e ds ame Totuctd 3¢PF o
zeolite-al um na conposite support, as in Exanple, 1.

oI ThREWABIME ZRGdmtSor ¥ b GFER Mk 'y n3t P gL t sef uton
was_added thereto with a pipet and the support was

Exphperséd i AREhehedieutmandt abdite 280 torBrhsgpating
Thereafter, the support was dried in a nitrogen 55
sospf éam dAd BRERddhed 4l & ilf fa eofrethaged abldei Aupport
air stream at atnospheric pressure and at 120C for
wagbdumetgedhéur $heo setudiiprCattalafsiuid. 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 ¢f molybdenum trioxide, 6.14
g of citric acid monchydrate, 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, (.61 ml/g; specific
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Conparative Exanple 5 To 22.6 g of ion-exchanged water
were added 3.31 g of cobalt carbonate and 1.17 g of
phosphoric acid (85% aqueous solution), followed by
heating to 80C and stirring for 10 m nutes.
Subsequently, 11.41 g of nol ybdophosphoric acid was
added thereto and di ssolved, followed by stirring at
the sane tenperature for 15 mnutes to prepare a

sué%%é%iQPe&PrZEUpﬁeg€?t$98ra@E g%&% diifRt dhe PHOf  rhe
the i npregnating solution was 0.54. Into an eggpl ant

whcgy@eaIEJJ@ﬁJF %Sth@t E\Bgl&%eqn?upeggorgat:ﬂ{g tg@l%ﬁggn%l tgai added

zeol 1 te-alum na conposite rt as in

T : 0 h b ' tin sol.utjio
R e RePLrs Wi £ UG (AL sUBBor st vl Tre
So'ny§g§edtigbth§ ggh tiog thab%yt 25C for 3 hours.
ereafter?°rh upgoFP s died in a nitrogen
stregm and then dried in a nuffle furnace and in an
air %‘&erreefrﬁtaptr'at%%p%‘éﬁ’?%rﬁr Ba8UFAE 1A 1& 2129EHasen
about 16 hours to obtain Catalyst e. Conparative
St@&%ﬁpl%u%s?%uﬁﬁtéygdéﬂeﬁoﬁfb%bH&H§3§Hﬁ#%ﬂa%%sa%ﬂdéﬁ an
_ 7.27 g 56 of cobalt (Il) citrate, followed by heating
aly csBoRmnyt 3ERPEPREGIR6r PIGSHUAR ed Subsktieht fgr about
11.10 g of nol ybdophosphoric acid was added thereto
4 e di 39| Vedn chorlowrdd aby SO0 1T iy at hdersape obtain
tenperature for 15 mnutes to prepare a solution for
Catiadyslgnation. At this

Comparative Example 4

To 19.3 g of ion-exchanged water were added 8.28 g
of cobalt (II} citrate and 5.76 g of phosphoric acid (85%
aqueous solution), followed by heating to 80°C and
stirring fbr 10 minutes. Subsequently, 12.64 g of
molybdophesphoric acid was added theretc 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 g
of the same zeolite-alumina composite support as in
Example 1. The whole amount of the above impregnating
solution was added theretc 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 hitrogen
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time, the pH of the inpregnating solution was 0.78.
Into an eggpl ant type flask was introduced 30.0 g of
the sane zeolite-alum na conposite support as in
Exanple 1. The whol e anobunt of the above inpregnating
solution 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

| sthﬁﬁOQ%@ tidreqipsand then gdred. i pya,guEfLesf ypn %ealr

|n an alr stream at atnospheric pressure an

st%%g (Er a%ﬁ%é%kpeqi J]%JEIE(S) %%%bé%nagaigbyét fr:)r gbout 16

arative I on- exchange
cobal t carbonate and 12.29 g of
ho‘ﬁ'_’E % %cégéhoi&lagca dt CPT ol l oned by heating to 80C
and stirring for 15 n1nutes to prepare a solution for
i npregnation. At this tinme, the pH of the

i mpre natl solution was 1.95. Into an eggpl ant type
Copgg E%@FEH&% 30.0 g of the sane
zeollte alun1na conposite support as in 5gyle 1.

The whdl €4 afrotin®Lof OPhe%&heve SchpiRd@atiais s7AdA uti 3
was added thereto with a pipet and the support was
ofj prRERSEd CRAPORE tsoland on lat albputP2eErherig heéds.(85%

Thereafter, the support was dried in a nitrogen
aqyepggnsand ttiven ,dricdd dwed brufli¢et fng nece8@nd endan

air stream at atnospheric pressure and at 120C for
stabodhglGorhdlr :nitmteist.ai e Caeaystty, 11.41 g of

e

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 compaéite 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 6

To 20.5 g of ion-exchanged water was added 7.27 g
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The el enmental anal ysis val ues and physical properties
of the catal ysts obtained in Exanples and Conparative
Exanpl es descri bed above are shown in Table 1. The

met hods and anal ytical instrunments used for measuring
t he physical properties of the catal yst shown in
Table 1 are shown bel ow. [ Measurenent of specific
surface area (SA)] Specific surface area was neasured

of b¥obhetBETT) metihedit Wit i Bg8d 10a i A§088N80°C and
adsorption. As a nitrogen adsorption apparatus was

st¥sedng raur fiacqiangadTeasilNgy aRparat us) (Bel sorp 28)
manuf actured by Bell Japan Corporation. [ Measurenent

mog%&?ﬁﬁo\égh&g}%d BV &S %Qﬁe@r‘g}@}@%t%d %ﬁ’go@r%ved,

Por une, average pore aneter, an

fofiég?ggb.g%k?#%#%%dg%ggh.e%%&&!ﬂ%gmg ré@ergefggr 5

pene n an apparatus fof Rnercury

. pepetration was used por osi et er . .
i B CROVERPTPESAGTS. BERE 9200, T HantfRRT IR 2By At this
. Shi madzu Corporatiqn). Masurenent. was made after the
CiERm T BowRY REAteE STPATeE Ford & ot I dne vacim 1o
renmove volatile matters therefrom [Measurenent of
nnly%%%%uﬁ?d?gapiﬁaé Fﬁ?@rf@?@%]wasﬂﬂﬁﬁﬁﬂﬂﬁﬁe%f3o-0 g of

| am nat ed Ia¥ers of ol ybdenum
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 cbtain Catalyst £f.

Comparative Example 7

To 25.3 g of ion-exchanged water were added 4.34 g
of cobalt carbonate and 12.29 g of mcolybdophosphoric 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
cf the same zeclite-alumina composite support as in

Example 1. The whole amount of the above impregnating
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di sul fide was neasured in the foll ow ng manner using a
transm ssion el ectron m croscope (TEM (trade nane
"JEM 2010" manufactured by JEOL Ltd.). 1) A catalyst
was packed into a flowthrough type reaction tube.
The catal yst packed was held at room tenperature in a
nitrogen streamfor 5 mnutes, and the surroundi ng
gas was replaced with a m xture of H2S (5% by vol une)

so2Ndiba wike sCRlR] YSle Mas heatied: abi Betf 8830 he SELBLB -+
After the catal yst tenperature reached 400C, the

waSai Ah¥sEWas nhehd %&ﬂhﬂ?ﬁh?ﬂ?@réﬁ&&€ EgﬁclfBQUQ Addrs.
cint ere.

then cooled to 200 e same at nosp

Subseaepll vy o L e aur %gggg&@g w335 Mas J epl aced WL,

ni trogen and e cafa was cooled to room
t enper at.ur to, conpl.ete sulfidatjon treatnment. 2) The
StERPR GLF GREEr SE ot fontt bE nbRt P OGS 2Bl 0Br Phed T
in an _agate nortar. 59 3) A snall porijop_ of the
StESPR §or SpUPTBIIIET RS KpetRachT i A0eFongr apotfie 16
resultin% suspensi gn was dropped onto a mcrogrid and
holrpedCabPlgom Caifdratur® to obtain a sanple. 5) The
sanpl e was set on the exam ning part of the TEM and
exam ned at an accel erating voltage of 200 kV. The
direct nmagnificati on was 200,000 di aneters, and five
fiel dshofelemontet eabrdnisagédvalues and physical

properties of the catalysts obtained in Examples and

Comparative Examples described above are shown in Table.l.
The methods and analytical instrumenits 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 Corporatiocn.

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

Pore wvolume, average pore diameter, and pore size

distribution were determined by the mercury penetration

method.
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6) Each photograph was enlarged so as to result in a
magni fi cation of 2,000,000 dianeters (size: 16.8 cmx
16.8 cm. The nunber of the |lam nated | ayers of

nol ybdenum di sul fi de and the in-plane-direction | ength
of the layers were neasured using a photograph in
which 200 or nore of crystals of disulfides of a
Group 6 netal such as nol ybdenum di sul fide were

vi suald yar ego@ntzedspebr hiekdrof penewr tNRaswamMed a
of NO adsorption FT-IR (Fourier transform infrared

poSBEEhELECORW) CRNIERDII dsutdMesid 0t d MY hheu aREAL8f by

gas adsorption onto active netals (Co, My, etc.) in a

Shg@ég%s%g%gggtimﬁpr eatment, NO was adsorbed onto the
catal yst after pretreatnent and the catal yst was

obseryed. oL | {ysesbel LaeLanes FIARICET-LRBAAUN 4

manuf actured by madzl 6 Fporatio

b a heat-vacuum type diffuse- reflectance, cell
100 B TaBe e BPRY R MR EL (A iy SheltT Bt Soh FReze
phas used. a) Pretreatnent of catal yst (sulfidation
ther@bf{8nt): A catal yst was placed in a diffusive
reflectance cell after pulverization and heated in an
He stream After the catal yst tenperature reached
400C, the catal ¥LSt was held at the tenperature for 30

[Mad puF e8ent TRéEn Mot e dggmio gHd e ighs daeF eptBlékH with

a mxture of H2S (5% and H2 and the catal yst was
hel d Hte ttHgnber of laminated layers of molybdenum

disulfide was measured in the following manner using a
transmission electron microscope (TEM) (trade name “JEM-
2010” manufactured by JEOL Ltd.).

1) A catalyst was packed into a flow-through type
reaction tube. The catalyst packed was held at room
temperature in a nitrogen stream for 5 minutes, and the
surrounding gas was replaced with a mixture of H;S (5% by
volume} and H;. 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
to complete sulfidation treatment.

2) The catalyst after sulfidation treatment was

pulverized in an agate mortar.
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tenperature for 2 hours. Subsequently, the surrounding
gas was replaced with He gas and after flashing of 30
m nutes the catal yst was cooled to roomtenperature in
the sane streamto conplete pretreatnent. b) FT-IR
nmeasurenent: After the catal yst was hold at room
tenperature for 30 mnutes in an NO gas stream the
surroundi ng gas was replaced with He gas and after

evacuat iOnsf1 BO,HLAULESoFTHhR pRASURSTER WAS i zed was
conducted. Measuring conditions; Range of wavel ength:

di 48909 490.em L Resolution: 4 cm-1 c) Analysis of
results of neasurenent: Each of intensity of NO

specty.u 4 1) .a . al
and i ot o sr NG pearp o P ob e s b AR et
.on_the Goup.6.netal was investigated and the nunber
miGroU T OoRba SRASE. o NOSThHAIS S5t (e 11 K& CRRTCR i s
t hough to be active sites for desul furization, in
Sa%%g%s of the Group 6 netal disulfide such as
nmol ybdenum di sul fi de was = conpared using .t he val ue

r epr eSent’Bd TPRHe YoF | B8R ng" FBRNGRAMIRINN @it &F dike

| CoMbS or the like = 18 %;PupL(IS group + 16 rouEﬁ

TE%m%@%i%Xiﬂlﬁﬁéuﬁtréﬁré99% EQH%ﬂ&nW%ﬂ%#g$K?fsg%Qt m
adsorbed on the Goup 8 netal and 16 group represents

The ndehastt ynagnNOispédrnumsgd e bril tdeet@oup and five

fields of view were examined.

6) Each photograph was enlarged so as to result in
a magnificaticon cof 2,000,000 diameters (size: 16.8 cm 2
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 ontc
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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6 netal. As a representative exanple, an NO adsorption
FT-IR spectrumof Catalyst Ais shown in Fig. 1.

Al so, a transm ssion electron m crograph (TEM of
Catalyst Bis showmn in Fig. 2. 62 9 MMONI-- CDd
ONCO(DU (DCOcCcoN U WOOO()) O WOO O W
r- O (gto(DtO Z- aO0O0000O0O0O0O0OOOOOOO
OO0 LO WC mU aMc COr-r WOOONOWO O

@) _
COEQQ\)A%[Q_I:E.Q’IQ S)'N Mé@r% rN_l%é\l @%M%%%z‘h‘cﬁ?ﬁ@ﬂf@@se

refledchncd céll %P' g\éﬂ\é&éé\ﬂgﬂé\%y’ %%\DA&%%%N %&N
N OQto o
Spggkg%tech Inc. was used.

a) Pretreatment of catalyst (sulfidation
treatment): A catalyst was placed in a diffusive
reflectance cell after pulverization and heated in an Ule
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 H; 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 ﬁeasurement: 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-TR 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 cm™!) adsorbed
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Active sites of 1ICoMoS 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.

BAs a representative example, an ﬁO adsorption FT-IR
spectrum of Catalyst A is shown in Fig. 1.

Also, a transmission electron micrograph (TEM) of

Catalyst B is shown in Fig. 2.
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part of the reactor to allow a hydrdtreati ng reaction
to proceed under the followi ng conditions. A fluid

m xture of a product oil and gases was di scharged
through a Iower part of the reactor, and the product
oil was separated w th a gas/liquid separator.
Pretreatnent: Each catal yst was subjected to liquid
sulfidation with the feedstock oil. Pressure (hydrogen

ga&gt%a@&ﬁ s&re%)ctl%@ A\@astﬂf@wspace 5%0'599?“ and

he feedstock oil (I |qU| | oci
o) 0 or

Terrperg%gqri (95?5?#155 |g% glfg dgir%o(tgn gnﬁJ(f)%}#I)ecp in the
pheedstock.ail at, about 22C._ elevation at_a f.
20558 R thaFd A i oo %%mpgn% suoebhuEaBt-run

el evatjon.,to reactl er at i.e., 350C, at
92§ S¥d BESH T0EMe SRR | T R ACT IR TARd Li ons.
Reaction tenperatyre: 350C Pr essur e, (hydrogen part| aI

hygrassgrepd &%OW&nng%M“%oﬁHHP%Jp%‘éePl&%F%@PF?
hr-1 Hydrogen/oil ratio: 200 nB (normal)/kl
Propefti®s ofFedSROERT VRS RPRFUSSF 161HC Sstidiyiitgemire
gas oil fromMddle East Density (15/4C): 0.8570
flijst:hlrpaghoﬁY@ﬁarra?@tcéqqrstﬁQ:sfonrm|4 i Bl xeisoedl| aatahyst

layer, which was pretreated under the following
cenditions.

Subsequently, a fluid mixture of the feedstock oil
and a hydrogen-cecntaining 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 oil and gases was discharged through a lowef
part of the reactor, and the product oil was separated

with a gas/liquid separator.

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

m® (normal) /kl)
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poi 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
wei ght Nitrogen content: 140 ppm by wei ght Dynamc
viscosity (@30C): 5.857 ¢St Pour point:.-2.5C C oud
point: 1.0C Cetane index: 54.5 Saybolt color: -6 65
The results of the reaction were anal yzed by the
foll owi ng nethod. The reactor was operated at 350C.

Si X d@ys,e b EQ“?EtrEBEcE&%U%gF ‘Pﬁgg%%%rﬁaamﬁ &, and

propertles er eof ‘'were analyze

red§SULE ﬁt {9 dlesy S Zeafé&&{&?%{% raLe of

cons?ant act were cal cu éd as

oL LS AR 1B 1 e

g Ortlon o% sul fur conponents mhlch have
el V§ bBEaFth FomQﬂ%¥¥Qﬂx£ﬁWRﬁF%ﬁWr?hrbu%hrc%ﬁ@eruBﬁ a
rQgen sul fide by desul furization reaction is
raH@fPﬁeaO gé hg degree of desul furization. The degree of
desul furi zation was cal cul ated fromthe anal ytica
values of sulfur content in the feedstock oil and

product oil in accordance with the follow ng
Hydgoarkehing Reaction Conditions:

Reaction temperature: 350°C
Pressure (hydrogen partial pressure): 4.9 Mpa
Liquid hourly space velocity: 1.5 hr™

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

Properties of Feedstock 0il:

Kind of o©il: straight-run gas oil from Middle East

Density (15/4°C): 0.8570

Distillation characteristics: Initial distillation
point of 212.5°C, 50% point 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

Cetane index: 54.5

Saybolt color: -6
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Degree of desul furization (%9 = [(Sf-Sp)/Sf] x 100

[2] Desulfurization reaction rate constant (Ks): The
rate constant of a reaction rate equation which gives
the 1.3 order of reaction with respect to decrease in
the sulfur content of the product oil (Sp) is

determ ned as a desulfurization reaction rate constant
66 (Ks) Al so, the higher the reaction rate constant

s, 81%08'15' PAL the calal yi g agt '113}/2%% }3?37 the

DESU| Url za Ion reaction rate constant

Sf) (1.3-1)] x (LHSV)xI/ (1.3-1) 1In the
f01é8vén @hégas for degree of desulfurlzatlon and

desul urlzatlon reaction rate nst Qt represents
sul f U CORLRREOF N A SeHBESER %61 P Y okoby C weityHt )4
represents sulfur content_in product oil (%b

ChGERGREFT s arkdt oL BSP T DT sleht™@ 7 | %ﬁﬂ‘%ll%u?w Eﬁﬁ@@rtles
velocity (hr-1) 3] Specific activity (s):

thepeeff Fergc ANAEIEEY) Deqraacht déawnl frrzapténn,
reaction rate constant)/ (desulfurization reaction

depgi fugdmetann sleactomparatie cantayst a)y xre0dféz

Tabl e 2 Catal yst Reaction tenperature 350C
activity were calculated as follows. The results thereof

are shown in Table 2.

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

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

accordance with the following equation:
Degree of desulfurization (%) = [(Sf-8p)/Sf] x 100

[2] Desulfurization reaction rate constant (Ks):

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

determined as a desulfurization reaction rate constant
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Sul fur Degree of Rate Specific Nitrogen content
desul furi- constant activity content (ppm by zation
(ppm by weight) (% weight) A9 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 | 13 99.9
32.4 238 <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 M9 99.9 36.7 270 <1 a
(K42 9%1bol3tbeld@olsér DhE88rOQCHLIdG. ZtRkdstantlEE, the
98.9 12.6 93 50 d 120 99.3 14.5 107 3 e 179 98.9
molZ 4£:geldgntf the6ce9alyviicaqobvty gis214 97.5 11.3 83
40 As is apparent from Table 2, it is understood that
an ul tra-deep desul furization region can be easily

Desulfurization reaction rate constant =

[1/(sp) 3P -1/¢(sf) V] x (LHSV)x1/({1l.3-1)}

In the above formulae as for degree of
desulfurization and desulfurization reaction rate constant,
Sf represents sulfur content in feedstock o0il (% by
weight), Sp represents sulfur content in product oil (% by

weight), and LHSV represents ligquid hourly space velocity

(hr™%) .

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

Comparative Catalyst a)} x 100
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attai ned using Catalysts Ato Maccording to the

process

the results given above,

68 of the invention.
it

catal ysts according to the

excel l ent activity in the

Al so,

as is apparent from

is understood that the

i nvention has highly
desul furi zation reaction

and denitrification reaction of gas oil in the
ultra-deep desul furization region under about the
TaSi@™e conditions, e.g., hydrogen partial pressure and

reaction tenperature, as in the case of conventiona
Ogthiydtr gat i ng pr ocesseRexctidaseniperatthé [360r0e
i nventi dn_has bheen described in detail and with :
ref erende t@Ulpeci f iRewswramll ps tRaleeof | Spewifia | bdlitrogen
apparent| t ski | In the at vard qus
changes angoﬁ%z.‘ltfi a({el%g#gﬂcan B@r‘#ﬁhg he%ivﬁywi 1 hocfﬁntent
departing (ppembiyhel spratidn and scope thereof. The| (ppm by
present |application is basedl on Japanese Patent )
Appl i cat|i oWel@ht) 2002- 366b16 filed on Decenber 18| 2w@eight)
ang,—Japanese rat ent ARGy §cat | o oz 20p3- 08184411 Ted
on%'Nhrch 28Fr2003, ang'$he contents are i ncorpo ated1
hein |by reference. e presergs.appl{cat?em isia <1
patent ppl fcation relati ngto r esults of contract
re§ear ch sporfsor ed by 1¥hpanese 3&ler npent28@&ont f act <1
resgar cty of 202 fromgd 6p—Er y—apd—tgghostria
Technol dgy Devel opnent gan za#ﬁ%ﬁ 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

I 13 99.9 32.4 238 <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 88.9 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,

it is understood that

an ultra-deep desulfurization region can be easily

attained using Catalysts A to M according to the process
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(technol ogy devel opnment of reduction of oil refinery
contam nant and the like), Article 30 of the Speci al
Measure Law for Industrial Vitality Regeneration is
applied thereto). | NDUSTRI AL APPLI CABI LI TY Accordi ng
to the invention, the follow ng effects can be .
exhibited. (1) The catal yst has high desul furization
and denitrification activity and hence is capabl e of

ofgéﬁétlﬁve g yging the sulfur and nitrogen contents in
gas oll. % nost the sanme reaction conditions as in

convgxtional hydrotreatingfgégcgﬁges caagbe e Io¥§§%ve
us !

Accor diigl v-° conventi onal  appar TE3N b8 (e
.. Wth ' [ id bl ification. .
1t (5 gas bR koa thal g ot egucad SU T Hifd P ¢ Ben

., contents can be easily supplied. 70 CLAIMS 1. A
ingeribi QR hedr NAGHL 8t PESELAG §ad iV Whildh 'dpri ses on
an_inorganic oxide support 10 to 40% by weight of at
degpehlerbaet senecteaattPampet e ity itfiead iqup rerefienect
periodic table, 1 to 15% by weight of at |east one
gasebbbt e thonihbrardeep theudioup 78 tofort heePpiepi ogider

table, 1.5 to 8% by wei ght of phosphorus, each in
abqef nghe ofama ogidétanpent ebgsed homindyerc gtattyst] and 2

to 14% by weight of carbon in terns of an el enent
pramourd dadedesntion temperature, as in the case of

conventional hydrotreating processes of gas oil.

While the inventicn 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 meodifications can be made therein without

departing from the spirit and scope thefeof.

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

by reference.

The present application is a patent application
relating to results of contract research sponsocred by

Japanese Government (Contract research of 2002 from New
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the catal yst, wherein the nolar ratio of the organic
acid / Goup 8 netal is from0.2 to 1.2, wherein the
catal yst has a specific surface area of 150 to 300
n2/ g, a pore volunme of 0.3 to 0.6 nil/g, and an
average pore dianeter of 96 to 130 A and wherein,
when the catal yst is observed on a

di ffuse-reflectance FT-1R after sul fidation treatnent

Engggg éHgsigH%%ErNglaqéa1ﬁﬁ#§ﬂ%%aD¥@éP§pﬁ% E899§8H?/S%§on

rou IS W € range o

1 d bed
(- $HRbR §%-%%§' t “S%upr"%&%#t“% ér%ﬁ‘i BeabreY s
NO t
R R
the periodic table is . represented 16 group. 71 2.

b
MegRBrEataly $PTadleditig alo ‘it 1 4y %%%?%?ﬁth%n is

catal yst has a pore distribution that a ratio of pores
2PRAVPAGTRSE6I€)di aneter of the average pore diameter

15 Ais from30 to 75% 3. The catal yst according to

claim1 or 2, wherein an average nunber of [|am nated

| ayers of disulfide of the netal in the Goup 6 of
INPHETBéRLOAPELISBBE Id3%er ved t hrough a transm ssion

el ectron microscope after presulfidation of the

cat alAstoi@idig ot 2t bet dn¥endiofhe that dojdtovaacpradi frg-t s

toclaim1 or 2, wherein
can be exhibited.
(1) The catalyst has high desulfurization and
denitrification activity and hence is capable of greatly
reducing the 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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an average in-plane-direction length of |ayers of
disulfide of the netal in the Goup 6 of the periodic
tabl e observed through a transm ssion el ectron

m croscope after presulfidation of the catalyst is
from1l to 3.5 nm 5. A process for producing the

catal yst of any one of clains 1 to 4, which conprises
supporting 10 to 40% by weight of at |east one
selected fromnetals in tbeatmeup 6 of the periodic
table, 1 to 15% by wei ght of at |east one selected
fromnetals in the Goup 8 of the periodic table, 1.5
to 8% by wei ght of phosphorus, each in terns of an

OX'dela"DHnEabéi%@tOEdﬂ“%yaﬁdﬂﬂ@ﬁt1&6“535t@li4@%HYch

wei ght of carbon’in terns of an el enent” anount based

coﬁmg)wl%eté“eor{:aér?" i g O @”okﬂ&égé‘ﬁ?ﬁo%' 49 $UPReY! by

ng a specific sur ace area of 230 to 500 nQ/g,

weg%rh% ;’er% ]g%as éllé Os%\lgl:(:gd ?Pgmaﬂe%\é&r ag¢, RYLE Group

i"ane u3|ng Gtrion conpr|3|

taI i.n he C} e peri odi
6 O%e ﬁ“%%e oup T %heO pgrlgglge%gé at leaSt

G LSRNy a8 LA DL 0.

tio of the grganic acid / G oup metal is fromO0.2
fb oy 2-%.5n sésvgemth%rﬁlil%ab?ﬁtjsga§am Angttiears
conprlses subjecting a gas oil fraction to a catalytic

of @acta¥oifla mihE rivasedt eCbf thheCtBRAVYSr S dary t@ne‘t‘l@f by

claine 1 to 4 under conditions of a hydrogen partia
weight of carbon in terms cf an element amount based on

the catalyst,

wherein the molar ratio of the organic acid / Group
8 metal is from 0.2 to 1.2,

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 96 to 130 A, and

wherein, when the catalyst is observed on a
diffuse-reflectance FT-IR after sulfidation treatment and
subsequent NO adsorption, a wvalue of I8 group/(I8 group +
I6 group) is within the rangé of 0.7 to 1 wherein
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 I6 group.
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pressure of 3 to 8 MPa, a tenperature of 300 to 420C,
and a liquid hourly space velocity of 0.3 to 5 hr-1.
73

2. The catalyst according to claim 1, wherein the
catalyst has a pore distribution that a ratio of pores

having a pore diameter of the average pore diameter £ 15

A is from 30 to 75%.

3. The catalyst according to claim 1 or 2, wherein
an average number of laminated layers of disulfide of the
metal in the Group 6 of tThe periodic table observed
through a transmission electron microscope after

presulfidation of the catalyst is from 2.5 to 5.

4. The catalyst 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 transmissicon 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
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 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

12



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 pericdic 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.

wherein the molar ratio of the organic acid / Group
8 metal is from 0.2 tc 1.2.

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
claims 1 to 4 under conditicns of a hydrogen partial
pressure of 3 to 8 MPa, & temperature of 300 to 420°C,

and a liguid hourly space velocity of 0.3 to 5 hr™t.
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