Descripti on CATALYST FOR HYDROTREATI NG HYDROCARBON

O L, PROCESS FOR PRODUCI NG THE SAME, AND METHOD FOR
HYDROTREATI NG HYDROCARBON O L Technical Field [0001]
The present invention relates to a catalyst for
hydrotreati ng a hydrocarbon oil (hereinafter,
sonetinmes sinply referred to as "hydrotreating

catal yst"), a processpfoL ing the same, and a
nmet hod for hydrotreat?ng gpéggggcarbon oi | using the

hydrotreating catalyst. Mre specifically, it relates
to a hydrotreating catal yst having such excel | ent
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for producing the sane and a nethod for hydrotreating
a hydrocarbon oil wusing the hydrotreating catalyst. 1
Background Art [0002] Recently, a global trend toward

TechpicrbrFgaddity regul ation values for petrol eum

roducts (hydrocarbon
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The present invention relates to a catalyst for
hydrotreating a hydrocarbon o0il {(hereinafter, sometimes
simply referred to as “hydrotreating catalyst”), a
process for producing the same, and a method for
hydrotreating a hydrocarbon oil using the hydrotreating
catalyst. More specifically, it relates to a
hydrotreating catalyst having such excellent
desulfurization activity and denitrification activity in
hydrotreating a hydrocarbon oil that it can reduce sulfur
.compounds and nitrogen compounds contained in the
hydrocarbon o0il to a level lower than those attained in
the case that this kind of conventional hydrotreating
‘catalysts are used, and to a process for producing the
same and a method for hydrotreating a hydrocarbon oil

using the hydrotreating catalyst.




oils) has energed to inprove atnospheric environnments.
For exanple, a reduction of sulfur conpounds in gas
oils is desirable because sulfur may adversely affect
the durability of after-treatnent apparatus expected
to provide effective control of diesel em ssions,
such as oxidation catal ysts, nitrogen oxi de (NOx)

Balk&duehiRn acat al ysts, and continuous regeneration-type
filters for renoving particulate matter from di ese

[o@¥Bausts. Under these circunstances, devel op of a
technique of ultra-deep desulfurization for reducing
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ultra- deep desul furization of a hydrocarbon oi
oxwild¢hoot ositrdysts, nitrogen oxide (NOx) reduction
catalysts, and continuous regeneration-type filters for
removing particulate matter from diesel exhausts.

Under these circumstances, develop of a technique
of ultra—-deep desulfurization for reducing most of the
sulfur compounds in a hydrocarbon oil is being regarded
as important. A possible technique generally usable for
reducing the sulfur compounds of a hydrocarbon oil is to
use severer operating conditions for hydrodesulfurization,
e.g9., reaction temperature and liquid hourly space
velocity. However, when reaction temperature is elevated,
a carbonaceous matter precipitates on the catalyst and
hence catalytic activity rapidly decreases. Moreover,
use of a lowered liquid hourly space velocity results in

a decreased purification ability although desulfurization

is enhanced, so that it becomes necessary to enlarge the




severer operating conditions is to develop a catal yst
i having an excellent desul furization activity. Mny
i nvestigations are recently being made on various

subj ects such as the kinds of active netals, nethods

“of active-netal inpregnation, inprovenents of
catal yst supports, regul ation of catalyst pore

sciIGifings. apnd; agti,vati on nethods, and the follow ng
results of devel ophent have been reported and known

[opjovel deep desulfurization of a gas oil as one
exanpl e. For exanple, there has been known a process

for in catal yst ich copprises |npregnating

a sugéggfg%etgﬂﬂé”soqa%%ﬁ%m%i F iyt 2 oo ubie of L hra-

metal _i.nthe Goup 6_of the periodic table
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a phosphorus conponent,. a conpound of a netal in the
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referred to as "Goup 8 netal"”), and an organic acid,

haydpgoded siyF dryaTHy dRsWl fenatatom eacbiv209C or | ower

(see, Patent Docunents 1 and 2). Moreover, there has
been M@RWnikveatabpstionsontal memgrarl 0 et ¢ wppds torand
a salt or conplex of a Goup 8 netal selected from
varbpust sahd enitckelu@ncd s thadetiardpod §agtdioé AeEa0yp 6
netal selected from nolybdenum and tungsten thereon,
nephedei nfaacticerreetalon mpfe drirt @ 0UPi Mo 8L dheh 85 HEM
2 to 20% by weight in the
catalyst supports, regulation of catalyst pore structures,
and activation methods, and the following results of
development have been reported and known on novel deep
desulfurization of a gas o0il as one example.

For example, there has been known a process for
producing a catalyst which comprises impregnating a
support with a solution containing a compound of a metal
in the Group 6 of the periodic table (hereinafter simply
referred to as “Group 6 metal”), a phosphorus component,
a compound of a metal in the Group 8 of the periodic
table (hereinafter simply referred to as “Group 8 metal”),
and an organic acid, followed by drying at a temperature
of 200°C or lower (see, Patent Documents 1 and 2).

Moreover, there has been known a catalyst

containing an oxide support and a salt or complex of a

Group 8 metal selected from cobalt and nickel and a

3




basis of the support, a concentration of the Goup 6
nmetal is from5 to 50% by weight in the basis of the
support, and free water is substantially not present
(see. Patent Docunent 3). Furthernore, there has been

known a catal yst conprising a support and a G oup 6
metal and a Goup 8 netal thereon, which is obtained

helde a1 @ldhdﬂrngggﬁpogyhéga?cgglegt%f aIm)unt of

0.3 to 5.0 equivalents'to total nunber ©
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rwngata tenperatur & 6 0C"or
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veni with which the ultra-deep
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ut usjng severer operating conditions. However,
SuPPOFg st $reates lgevebspantdatldlytohaviagent (see.
further inproved activity and a |onger catalyst life.
PatgphaPopsitemt Sdcument 1 JP- A-2003-299960 4 4 Patent

Docunent 2: WO04054712A1 Patent Docunent 3:
JP- A-eBhgemore, there has been known a catalyst

comprising a support and a Group 6 metal and a Group 8
metal thereon, which is obtained by adding a
hydroxycarboxylic acid in an amount of 0.3 to 5.0
equivalents to total number of moles of the Group 6 metal
and the Group 8 metal, followed by drying at a
temperature of 200°C or lower (see, Patent Document 4).
As above, there have been proposed various
catalysts and processes for preducing the same and also
proposed catalysts.having higher desulfurization activity
which can be produced in a simple and convenient manner
and with which the ultra-deep desulfurization of a
hydrocarbon o0il can be realized without using severer
operating conditions. However, it is still desired fo
develop a catalyst having further improved activity and a
longer catalyst life.
[0004]

Patent Document 1: JP-A-2003-2999§60




Pat ent Docunent 4: Japanese Patent No. 3244692

Di scl osure of the Invention Problens that the
Invention is to Solve [0005] An object of the present
invention is to provide a hydrotreating catal yst

whi ch can be produced in a sinple and conveni ent
manner and whi ch can highly desul furize sulfur

CONMPOERAS ﬂ%ﬁ gﬁﬁ;ﬂi@@m gk, nd, can

si mul t aneously rogen compounds w t hout

necessgiiatiing, SEVEL q@gr&%iggGQQ?ﬂz%ions, and to

provide a process for producihg same. Moreover,
anot her ject of the inyention is to provide a
netho%afggQ %fln Fatin %P?R&ﬁ%c%?%%%goNP-a§2é4ﬁ?§h
efficiency. Means for Solving the Problens [0006] The
present inventors nade intensive investigations in

D.ogggr to %gﬁo lish those objects. As a result, it
s GEET f § heRVenEaPal yst having a specific

composi tion and specific physical properties
Prs Hﬁamhﬁtkﬁﬁﬁré%%@%%l@hglantbnﬁegaaic oxi de support

contai ning a phosphorus oxide in a predetermn ned
[0293dnt with a 5 sol ution containing a conpound of a

Goup 6 netal, a conpound of a Goup 8 netal, and an

or ganke akjdctoofsipporiraseese icompmingds 1Hef@oproéPide a

predeterm ned anmobunts and drying the whole at a
hyteppeeating afat200G orwd D¥ercan be produced in a simple
and convenient manner and which can highly desulfurize
suifur compounds in the hydrocarbon oil and can
simultaneously diminish_nitrogen compounds without
necessitating severe operating conditions, and to provide
a process for producing the same. Moreover, another

object of the invention is to provide a method for

hydrotreating a hydrocarbon oil at a high efficiency.

Means for Sclving the Problems
[0006]

The present inventors made intensive investigations
in order to accomplish those objects. As a result, it
has been found that a catalyst having a specific
composition and specific physical properties obtainable
by impregnating an inorganic oxide support containing a

phosphorus oxide in a predetermined amount with a




does not yield inactive forns of cobalt or nickel and
hi ghly active desul furization netal sites (e.g., CoMS
phase type Il, N MdS phase type Il, etc., which refer
to Co and NI active sites present at edges of the
second or higher layers of nolybdenum disul fide and
type | refers to Co and NI active sites present at

sadgesfcdhesfhIsy al ays §9£?E8Ey?dgg%ﬁkgki%k&%gs’a

which is lower in activi a ype an

coiRRirseldF requl atsd result the catalyst is a
hfgﬁ%y active desul uﬁ?gg%foéﬂga a1 &P &Fid to
n reactjon

il t.at - d [ furizat.i
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tion reaction and a denitrification

n%gsulﬂuﬂ
and SEViGe T 23§ cf ehepeirEnrenefca0afgsor lower
0007]. Nanely,. in order_to acconplish the above
dOLSEj 881% ,er%% Prasdente i IRt | h prvlBegrandakeallyend
,fgg hy%notreating a hydrocarbon oil, a process for
highlyueichd Ve Kie bk BIssiat bom mebel hodtesr (e.g., CoMos

hydrotreati ng a hydrocarbon oil using the catalyst as
phegel swge Iy Aidrainhase oy dibi reati ngwhich refer to
hydr ocarbon oil, which conprises an inorganic oxide

Cosappoli eechtidienisiges @ prosphaiusedxésleof Nths 88BUAE or
of 15% by wei ght or I ess on the basis of the support

highdrhaeyrygspedvirddditdeneoniiail fehstannet gekect edrers
fromnmetals in the Goup 6 of the periodic table in
toafoaapdnNiohctiom BQ tteds 40%duht at edges of the first
layer of molybdenum disulfide, which is lower in activity
than type II) can be precisely regulated. As a result,
the catalyst is a highly active desulfurization catalyst
which facilitates an ultra~deep desulfurization reaction
without using severer reaction conditions because the
desulfurization reaction and a denitrification reaction
proceed efficiently with the catalyst.
[0007]

Namely, ih order to accomplish the above objects,
the present invention provides a catalyst for
hydrotreating a hydrocarbon oil, a process for producing
the catalyst, and a method for hydrotreating a
hydrocarbon oil using the catalyst as follows.

(1} A catalyst for hydrotreating a hydrocarbon oil,

which comprises an inorganic oxide support containing a




wei ght, at | east one selected fromnetals in the Goup
8 of the periodic table in an anount of from1l to 15%
by weight, and carbon in an amount of from2 to 14%
by weight, 1in terns of respective oxides on the basis
of the catalyst, which has a specific surface area of
from100 to 400 ne/g, a pore volunme of fromO0.2 to

pHb i fgs ERIdaninMBanRenE +dbdMeE.r QR0
200A. (2) The catalyst for a hydrotreg{fﬁgﬂﬂygfgégyﬁ%% on
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wei ght between the netal in the

peri Og:‘tcl'é%%:te or?endsél\l'}egc:[gl]éé& g}fr.zﬁet% a%oijﬁeg@gg@%ggp 6 of

periodic table as a
£ . i 0 + . (metal in_the Gaoup_ 6)]
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weidperhe catalyst for hydrotreating a hydrocarbon oi
according to the above (1) or (2), wherein, when a 7

l'ine ggai¥si% in the crossw se direction of
crossSsettP8h COfr SGJE GRS deimemeist by b ehecBromp 8 of
probe .m croanalysis (EPMA) apparatus, a phosphorus
thEt B dPSS ai??t?]cﬁn a3 fieeugheof of Fomi hgteqlati by
gl . S=exp(0.04xl ave. +0. 013xI max- 0. 014xI m n)<_5.0 (1)
we érePRY max is a naxi num val ue of the neasured val ue

of carbon in an amount of from 2 to 14% by weight,
in terms of respective oxides on the basis of the
catalyst,
which has a specific surface area of from 100 to

400 m®*/g, a pore volume of from 0.2 to 0.6 ml/qg, and an

mean pore diameter of from 50 to 2004,

(2) The catalyst for a hydrotreating hydrocarbon
0il according to the above {1), wherein a ratio by weight
between the metal in the Group 8 of the periodic table |
and the metal in the Group 6 of the periodic table as a
value of [metal in the Group 8]/[ (metal in the Group 8) +
(metal in the Group 6)] is from 0.1 to 0.25 in terms of

respective oxides.

{3) The catalyst for hydrotreating a hydrocarbon

0il according to the above (1) or (2), wherein, when a




the concentration of the phosphorus atom by EPMA |ine
analysis, Imnis a mninmmval ue of the neasured
value of the concentration of the phosphorus atom by
EPMA | ine analysis, and lave is an average val ue of
t he measured value of the concentration of the
phosphorus atom by EPMA |ine analysis.) (4) A process
1ifrey ot iddid heng £or 4 eatd _ .
hydr ocarbon oi | accgégéﬁgﬁ%%eaﬁipéggggﬁ'%Fnggggbgﬁfﬁlon
tHr® o) , - i €00 & p | a al _.in the .
(30&%961§$(§%% peri%%?% %gb ggégpgg g%%g Bt Fesmalisis
09 i.ght , in_the Gqup,8,0f the
e o s Tt ekl Fofh 92 B 189 et gt
S to. be at from?2 14% by wei ght in
Sa?g%nfg%%?%heesgfeoﬁﬁ%vgl%ii%%%a%ho?héi gési s of the
catalyst, wusing a solution containing a conpound
containing at |east one selected fromnetals in the
Goup_8 of the 8 periodic table, a conmpound contai ni ng
at | e3SEXBAR - V4Tl ebred Of OdA AnEZY .0 e i@ el 6 of (1)
the periodic table, and an organic acid, on an
i norgani ¢ oxi de support containing a phosphorus oxide
at 15% by weight or less on the basis of the support
(WRRrehnhdBa® dped Mo isnmf avel wr eaf ofhd rosa 280etiovalle of
n2/ g, a pore volunme of fromO0.5to 1 m/g, and an ’
theegAnpepsraitamst of dhef mimsthdmsl80Amn B¢l tpMedi bye
drying at 200C or lower. (5) The process for producing
anghgstat alpén fier a minimum value of the measured value

of the concentration of the phosphorus atom by EPMA l1line
analysis, and Iave is an average value of the measured
value of the concentration of the phosphorus atom by EPMA

line analysis.)}

(4) A process for producing the catalyst for
hydrotreating a hydrocarbon oil according to any one of
the above (1) to (3), which comprises supporting a metal
in the Group 6 of the periodic table so as to be at from

10 to 40% by weight, a metal in the Group 8 of the
periodic table so as to be at from 1 to 15% by weight,
and carbon so as to be at from 2 to 14% by weight in
terms of respective oxides on the basis of the catalyst,
using a solution containing a compound containing at

least one selected from metals in the Group 8 of the




hydrotreati ng a hydrocarbon oil according to the above
(4), wherein the above inorganic oxide support
contai ning a phosphorus oxide is prepared by a
kneadi ng net hod of kneading a starting material of
the inorganic oxide support and a starting materia
of the phosphorus oxide. (6) The process for producing
digr gt af wstef o eal.l,ng:a.hydrocarhon oil

P ® e ShivehlafbaR B ST FeA Yl Bngove

according to the above ere
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is prepared by calcining at
f - 10, hours. (7) A method for hydrotreating a
@ C{/%ﬁo%a%o%gl%i?& wher efh 47RAFalyF| engéctsi‘lé’ﬁoir§
r.i ut at a hydrogen, .partial pressure of from
Cog‘i[i‘%ng%é?oﬁpé’?}loasﬁ%%%%? ot o tol PFoRV2YEigBtapeCcless on
N | iquid hogél space velocity of from 0.3 to 10 hr-1
hien DA 5o é:r\ihee DIPRHEL catbflyshasor Shyaidtrestivigos
hydroc%rbon il according to any one of the above (1)
areg e4) T8 2 b de 50 earioyi g rame tvielumment i Hom 0.5 to
[0008] Gls to be treated in the present invention are
1 &' Gablppds ehaligan mat aphametecab &l §romalDytaodsbied
napht ha, catalytically cracked naphtha, catalytically
fodlawkedbgasialyiime, att rod ot orundeerrasene, strai ght-run

gas oil, catalytically cracked gas oil, thermally
cracked gas oil, hydrotreated gas oil, desulfurized
gas oil, vacuum

(5) The process for producing the catalyst for
hydrotreating a hydrocarbon oil according to the above
(4), wherein the above inorganic oxide support containing
a phosphorus oxide is prepared by a kneading method of
kneading a starting material of the inorganic oxide

support and a starting material of the phosphorus oxide.

{6) The process for producing the catalyst for
hydrotreating a hydrocarbon oil according to the above
{(4) or (5), wherein the above inorganic oxide support
containing a phosphorus oxide is prepared by calcining at

from 400°C to 700°C for from 0.5 to 10 hours.

(7) A method for hydrotreating a hydrocarbon oil,
wherein a catalytic reaction is carried out at a hydrogen

partial pressure of from 0.7 to 8 MPa, a temperature of




distillation gas oil (VA& , and the like.
Representative exanples of properties of such
feedstock oils include a boiling point range of from
30 to 560C and a concentration of sulfur conmpounds of
5% by weight or Ilower. [0009] In the invention, in

or der to inprove desul furization activity, an

' t det d
R A0 ofo o BRaxpitor e b 0t T8 oBL e egﬁ%r”é;mfgom

anou
[ 11t t h |nor ani c xi de su por
08%f$%u€§Fﬁgrgéﬁf§h0x $ AT B%EJ§% B Y%Br@%ﬁic
nyi des cont ai ni.n % alun1§a as.the mmin conponent 10 are
pretert %Ln%o? ? CBP poFBPR NG the CHREEHRGH 8 GRivdene of
t|nt the |€ oxi de contai ning alum na as the
%e ? {d) be a support, a preparation nethod
i's not part|cularly limted and the incorporation can
be effected by a equilibriumabsorption nethod, a co-
preci pitation nethod, a kneadi ng nethod, and the |ike.
Best ¢iqsie ofo bia By g Lokt bhgsﬁnhamtmgna hi gh
desul furization activity, it is preferably carried out
[08W8]t he kneadi ng net hod of kneading an al umina gel as
a starting material of the support and a starting
mat er Dals 6b bke tpkospkiorins thd dereddnt hadvdntEent Hee
starting nmaterial of the phosphorus oxide is

supitefbdnald iy aisgct -asirama@ateoUSc Ut 08ally modified
naphtha, catalytically cracked naphtha, catalytically
cracked gasoline, straight-run kerosene, straight-run gas
0il, catalytically cracked gas oil, thermally cracked gas
oil, hydrotreated gas oil, desulfurized gas oil, vacuum
distillation gas o0il (VGO), and the like. Representative
examples of properties of such feedstock oils include a
boiling point range of from 30 to 560°C and a
concentration of sulfur compounds of 5% by welight or
lower.

[0009]

In the invention, in order to improve
desulfurization activity, an inorganic oxide support
containing a predetermined amount of a phosphorus oxide
is used as the inorganic oxide support. As the inorganic
oxide support, various inorganic oxides can be used but

inorganic oxides containing alumina as the main component
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A content of the phosphorus oxide in the inorganic

oxi de support is not particularly limted as far as it
is 15% by weight or lower on the basis of the support
and is wusually in the range of fromO0.1 to 15% by

wei ght, preferably fromO0.5 to 15% by wei ght, nore
preferably from1 to 13% by wei ght, further

arl efied Bbl Yo d I onidy t 0 0%, DY YBED cont.en
of%{he phSthorusroxide %g XEgggbghﬁe'g%%p%E%%§M§%l e

Lrkhe id S APydihe: bt DacSHEL 8,500 WA g Tl yhdenum
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disulfide 1's” arranged ar e n% ?823 rgﬁgg}?ﬂsaglﬁ [
coto &l re qg} of _ nol ybdenum di syl fi de does

n%t occu9¥;?%%é%%%§h% Fhe? %ﬁﬁégra lﬂﬂl?ﬁg AGmis not

[ fi ryst.al s, doe ot 11 ~rt dimnished, and
P agbtggquujtagrelr?ﬁ rrlblenllrlq:o?d é’dl}ist FaseSCERAr RFAVBB CpRabEs as
ef%%s Iggrization active sites does not decrease, soO a

EGIeh U furs PH G 488 Y19 R RhoBenRERAgal ACES—On

t he qt her, hand, when the content of the phosphorus
PrEsithe Latd ® PRtfrdweigHtnerdingheethed, efndcthef like.

enhanci ng desul furization activity by the addition is
InoBt&ned ahdaimdmce a e toakes tt shavbheraedigBy

control ling the content of the phosphorus oxide to
depné fapdva tiongectd ddtal yist Imwreferdbdh carried out by

desul furization catalyst is obtained. As the starting
thepkeepalindofnetthe dplods reradsi roxi atesa 1 unvai 4 Ogis1 cogpounds

may be used. For exanpl e,
starting material of the support and a starting material
of the phosphorus oxide. At that time, the starting
material of the phosphorus oxide is preferably used as an
aqueous solution.

A content of the phosphorus oxide in the inorganic
oxide support is not particularly limited as far as it is
15% by weight or lower on the basis of the support and is
usually in the range of from 0.1 to 15% by weight,
preferably from 0.5 to 15% by weight, more preferably
from 1 to 13% by weight, further preferably from 1 to 10%
by weight. When the content of the phosphorus oxide is
15% by weight or lower, the sites on the alumina surface
on which molybdenum disulfide is arranged are not
narrowed. As a result, sintering (aggregation) of

molybdenum disulfide does not occur, the area of the

edges_of molybdenum disulfide crystals does not
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ort hophosphori c aci d, metaphosphoric acid,

pyr ophosphoric acid, triphosphoric acid, and
tetraphosphoric acid may be nentioned but

ort hophosphoric acid is particularly preferred.
[0010] Exanples of the alunina to be used as the
support include various alum nas such as a-al um na,

dl)ﬁlﬁlllé‘?ﬂer&la £id ABEE N e aﬂ'\ﬂn@éy%ﬁacgﬁgﬁ #:ﬁaa'élg glr NiMos

an alumna which 1is porous and has a ge spec

f I I [
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Soﬁéﬁ"ﬂﬁé e u%zaart%“er $%f%§I§b' e Balgratted. on
' t I | ude 5042-

thy B B RSB e KT TREE The PBuBROSPRETBBNpEARS

. oé Eg Ee i mpurities, the nore preferable the alum na

15 he%t SEdihdore it ezl a0 Mptif$Et eafi gnbpreirgabl y

2% b gEht or lower, nore preferably 1% by wei ght
degpl FRRerating @oHiaHt Yoo eddie aniitigni bs Ppbsbnadl gnd
as follows: S042 < 1.5% by wei ght and C - Fe203,

hengo O-kep casehyl swiirgierrfegb11]  Anot her oxi de conponent

Is preferably added to the alum na and the other

oxi deBx onpobent liggptkéecabtgnonef dhenphe syeloaatedxide

fromzeolites, boria, silica, and zirconia. Use of
tothleen abovenpanget, s aotcak adgmpogidwing a high
desulfurization catalyst is obtained.

As the starting materials of the phosphorus oxides,
various compounds may be used. For example,
orthophosphoric acid, metaphosphoric acid, pyrophosphoric
acid, triphosphoric acid, and tetraphosphoric acid may be
mentioned but orthophosphoric acid is particularly
rreferred.

[0010]

Examples of the alumina to be used as the support
include various aluminas such as oa-alumina, y-alumina, &-
alumina, and alumina hydrate. However, an alumina which
is porous and has a large specific surface area is
preferred. In particular, y-alumina is suitable.
Aluminas having a purity of generally about 98% by weight

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

preferable. Examples of impurities contained in aluminas
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advant ageous in formng nmulti-layers of nolybdenum

di sul fide. Anong them zeolites have an average
particle dianeter as determ ned by the Coulter
counter nethod (1 w % aqueous NaCl sol ution;
aperture, 30 pm ultrasonic treatnent, 3 mnutes) of
about from2.5to 6 m preferably about from3 to 4

| nPAY, gk shhe Z LLt _Ath oporti.qn of. . particl es
Ravi ng glg ar t%“lqcl e%%izgﬁ‘eﬁqear of %81& &qn%eo?lls 11 efh? ghtower
r ef er abl bout . from

' | t f 1 70 1.0 98%
e BB nY, Bor e rCruiat 5 S Fhht o YelenapLe Che

noré pref
based on al

zeqlites particles, Such, properties of
a1 383RF( 48 ar " SV g OIS $r © hrobl SEIGLF bbUPAL iAg
t?e ggge ggagpter,s t hat substances which are
PIELPfRrCult “fo dedRYUYS AF v dasitgr ip¥eseraBlynig by
_ the pores. To the contrary, for exanple, when the
wehgBFagE pareiccl e Weamsrdents alocach ginperihe tont ent
of particles having large particle dianeter is too
prefegeblynast ﬁ@lélo@f@ss§%?‘ pr dpdrd iy twel ginor gadi €17,
oxi de support, the alum na hydrate (al um na
FeglseciesOr ¥ 8And %t by 2edlditte show different degrees of
shri nkage during cal cination of the inorganic oxide

[O8Lpport due to a difference in water adsorption or
crystallinity between the alum na hydrate and the

zeol iAreytlond dahide phenporent tengscFergbl§ akided to the
i norgani ¢ oxi de support having relatively |arge pores,

alimEna ARGOther oFRGKORRLES MAARlt 6 tdF &8 POF ESne
not only reduce the specific surface area but al'so

or ek €selected from zeolites, boria, silica, and
zirconia. Use of them as components of a composite is
advantageous in forming multi-layers of molybdenum
disulfide. Among them, zeolites have an average particle
diameter as determined by the Coulter counter method (1
wt% aqueous NaCl solution; aperture, 30 pm; ultrasonic
treatment, 3 minutes) of about from 2.5 to 6 Hm,
preferably about from 3 to 4 pm. In the zeolites, the
proportion of particles having a particle diameter of 6
pm or smaller is generally about from 70 to 98%,
preferably about from 75 to 98%, more preferably about
from 80 to 98%, based on all zeolites particles.

Such properties of zeoclites are advantageous for

precisely regulating the pore diameter so that substances

which are difficult to desulfurize can easily diffuse
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metal I ic conponents functioning as a catal yst poison
to readily diffuse into the pores in such a case that
the catalyst is used for the treatnent of bottom
oils. As a result, such large pores tend to result in
decrease in desulfurization, denitrification, and

cracking activities. [0012] In the invention,
be ad to

: ef npl f zeolites. to de n

e, e Tou hs FePREETHe "FR0) PRETD iy i he
Y-type zeaql.te 3-zeplite rdenite zeolite,

av ﬁgeéﬁ%£}5ﬁ§ﬁi%%%m?5%$ﬁﬁ? ESOSEaii? ?3, tig opptepg of
34,. 35, 38, 46, etc.), MCM 41, MM 22, MCM 48,

Pa%zl%%g GrYing ‘gn9s, PyprisleTdlameteroisafgo Aarge, in
like. Especially preferred are Y-type zeolite,

they BEOGE Y O RARPSELIY t Bhe 13naRgap3czesifee support, the
Furthernore, proton type zeolites are preferred as

alpgdinier dyArada he abwiea bio¥ ¢aurset) candahliezzeodiita caow
‘be used ones generally enpl oyed as support conponents

digf erepits deigreesf chtglybrkaghedabive ceadtihesiochowifathe
silica, and zirconia may be used alone or in

inpowbiniat icord def sumpart mue tdes edf ffefOAE3] iTheaaapunt
of the other oxide conponents to be incorporated is

adgemertdbhy ofr emyGta 1o desg hdiane 20%HY awWehohb hydrate
relative to fromhigher than 65 to 99.4% by wei ght of

antihehal uebna tand s sl opiyn el gt tond5% By swekoht
inorganic oxide support having relatively large pores,
i.e., meso- or macropores. Moreover, the large pores not
only reduce the specific surface area but alsc enable
metallic components functioning as a catalyst poison to
readily diffuse into the pores in such a case that the
catalyst is used for the treatment of bottom oils. As a

result, such large pores tend to result in decrease in

desulfurization, denitrification, and cracking activities.

f0012]

In the invention, preferred examples of zeolites to
be added to an alumina include faujasite X-type zeolite,
faujasite Y-type zeolite, B-zeolite, mordenite zeclite,
ZSM-series zeolites (ZSM-4, 5, 8, 11, 12, 20, 21, 23, 34,
35, 38, 46, etc.), MCM-41, MCM-22, MCM-48, 58Z2-33, UTD-1,
CIiT-5, VPI-5, TS-1, TS-2, and the like. Especially

preferred are Y-type zeolite, stabilized Y-type zeolite,
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of the phosphorus oxide, preferably fromO0.5 to 15% by
wei ght relative to from70 to 99% by wei ght of the
‘alum na and from 0.5% by weight to 15% by wei ght of
the phosphorus oxide, and nore preferably from0.5 to
10% by weight relative to from80 to 98.5% by wei ght
of the alumna and from 1% by wei ght to 10% by wei ght
an%fBLh%xﬂp osphqéus oxi de. \When &he anmount of .the ot her
\iPdé “Compohent &% F HEOF ficoPpBEARed YPEI PSRN 3%
a range, e diameter  regulation can be suitably
prae(l:%%:ég:veeag,ag%rz-%g‘{%%esati d sites or Lewis acid sites can
be sufficiently inparted, and Goup 6 netals,
espec ﬁl%bewﬁb?ﬁégﬁﬁﬁl%ﬂﬂFik§Qﬁgﬂﬁ%d # spRR srdcansbe
0014] The inorgani c oxi de support containing a
us%rde&é’teér A STeF MIRICYRE PRoSPRBPELS componsdtisn athe

invention is prepared through calcination which is
thégnéderde P fatCadro400 to 700C for from0.5 to 10

hours. The catalyst of the invention is prepared by

mer el Jhedpppiig aco2db€sor Hoovier, afileicauppuitiimeconia may

active conponents on the inorganic oxide support, as
bewibedbe lodes ot bied datleinadtenr df nghvy, ok nmordetht@eof.

obtain the nechanical properties.of the catalyst
[0p&3¢., side «crushing strength, conpacted bul k

density, etc.), the inorganic oxide support is

cal ciTied. aMbentcalfcithat b@hdrS oxide components to be
incorporated is generally from 0.5 to less than 20% by
weight relative to from higher than 65 to 99.4% by weight
of the alumina and from 0.1% by weight to 15% by weight
of the phosphorus oxide, preferably from 0.5 to 15% by
weight relative to from 70 to 99% by weight of the
alumina and from 0.5% by weight to 15% by weight of the
phosphorus oxide, and more preferably from 0.5 to 10% by
weight relative to from 80 to 98.5% by weight of the
alumina and from 1% by weight to 10% by weight of the
rhosphorus oxide.

When the amount of the other oxide components to be
incorporated falls within the above range, pore diameter
regulation can be suitably achieved, Bré¢nsted acid sites
or Lewis acid sites can be sufficiently imparted, and

Group 6 metals, especially molybdenum, can be highly

dispersed.
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conducted at a tenperature | ower than 400C for a
period shorter than 0.5 hours, sufficient nechanica
strength cannot be obtained. Even when calcination is
conducted at a high tenperature exceeding 700C for a
prol onged period exceeding 10 hours, not only the
effects are saturated but al so heat densification may

[oeacur to lower properties of the inorganic oxide
support, such as specific surface area pore vol une,

and nmeag R%B%ga%h%ﬁ% ﬁe[éﬁyﬁgrgh PeCIil e surface

area, pore volune mean ~ “por e ane%er %%t he

po t shou OWs SQ as
or AU S RSP f %?aﬂﬁ%uacwwwnén Jpngne’
: sulf |zat|o f_h oca bon oils:
lngégblg)c S r%§§ %{;€hEP¥$% GlPBtSGB Wﬁ}ﬁh is
Breferably from 270 to 500 nR/ the pore volune is
copdymtes 5t Fromidd 45 of @%b 8P ¥ rHrmm0. 65 tp 0L hougs.
and the nean Eore dianeter is from40 to 180A. The
r easonsef 6RE2L K85 eChr 5p6r L vieiden dre neHatddvsy merely
[0016] The C}oup 6 metal and Goup 8 netal are thought

dry$ndgf eitm28 066npk ek owrrt lad tenpreeygrratt tnigics alattiwn.

Accordingly, when the specific surface area of the
corpgrganisc coxithe ivwpmentid soxsihdd | suppduah, 230 wRLY, bist

is difficult to highly disperse each netal in
desapibghatliadrrbec@gserafindley, in order to obtain the
mechanical properties of the catalyst (e.g., side
crushing strength, compacted bulk density, etc.}), the
inorganic oxide support is calcined. When calcination is
conducted at a temperature lower than 400°C for a period
shorter than 0.5 hours, sufficient mechanical strength
cannot be obtained. Even when calcination is conducted
at a high temperature exceeding 700°C for a prolonged
period exceeding 10 hours, not only the effects are
saturated but also heat densification may occur to lower
properties of the inorganic oxide support, such as
specific surface area, pore volume, and mean pore
diameter.
{0015]

The specific surface area, pore volume, and mean

pore diameter of the inorganic oxide support should be as

follows so as to enable the catalyst to have high
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bul ki ness of the conplex. As a result, it would be
difficult to precisely regulate the formati on of the
af orenenti oned active sites (e.g., CoMS phase, N MS
phase, or the |ike) even when the resulting catal yst
IS subjected to sulfidation. Wen the specific
surface area is 500 nQ/g or smaller, the pore

achQH%?gln'%h%o% & 'Eﬂﬁ&éﬁ%& f Q§@£$ﬁ PE? OLg1s:

di anefer of the” catalyst Is no

ef h [,
th% Ele]g:‘ife s%rrff%%e \Qvl%%t e Pxo (& %@ggcause T%?m

urization activity decr eases

ftu n of sul.fur c the cat.al
prgk E:néu FiL& glngmvﬁé?n Qg &%’Ieu ROTSs V914t ngfo]from
, ampunt_ of e sol vent |nf|Itrat|n into the
0. gg{;gsli gﬁﬁgt’ Prefeman V\/ré:r?né Catalyt0iS Pt epar @adpjhe
the ordinary |npregnat|on net hod 50 that the case is
me%?ePEFPeglaWﬁéﬁr {Fe tTomy it EmmuiiA i s BralTeasors for
onpounds of active mnetals show poor solubility,
th?%@upfpﬁﬁrtﬁ rAparFedrrettd Talilowssibilit to p'y give
a catalyst having low activity. Although there is a
[0Pkfhod of adding a |arge anount of an acid, e.g.,
nitric acid for enhancing the solubility of the
conpdihlssofuract imet ket ahd, Grhepaddinkitan afret bicariit, to
in too |arge an anmount results in a reduction of the
fowsuréacempilea dh tthe supposdnatdnyhisslusiann®j WedamSngly,

of a decrease in desulfurization activity. Wen the
whgiorehe specific surface area of the inorganic oxide
support is smaller than 230 m?/g, it is difficult to
highly disperse each metal in impregnation because of the
bulkiness of the complex. As a result, it would be
difficult to precisely regulate the formation of the
aforementioned active sites (e.g., CoMoS phase, NiMoS
phase, or the like) even when the resulting catalyst is
subjected to sulfidation. When the specific surface area
is 500 m*/g or smaller, the pore diameter is not
eXxceedingly small and hence the pore diameter of the
catalyst is not small, so that the case is preferred.
When the pore diameter is small, desulfurization activity
decreases because the diffusion of sulfur compounds into
the catalyst pores is insﬁfficient.

When the pore volume is 0.5 ml/g or more, the

amount of the solvent infiltrating into the pores is not

17




volume is 1 m/g or smaller, the specific surface area
is not exceedingly small and the active netals show
good dispersibility, resulting in a catalyst having
hi gh desul furization activity, so that the case is
preferred. Wien the nean pore dianeter is 40A or

| arger, the pore dianeter of the catal yst on which

fi al i t i,s.,not smal.l and hence
mBle MR Y i TR Ber oo GRRtBATer ¢ he
- . 1S ], desulfurization activity decreases
1mgg%§bégapheme§55 USF&h%b(a%Lﬁq%Wc%%%pb%h%Ee ftbethe When
catal yst pores is. insufficient. Wien the nean pore
eGP SRR T ENER0A 47 SRk erthY HOOEIAS oL boke
?rfa of the cataléi&_is not small and hence the case
metalgy 8P8Fr BROIMSPEMl 1y Ikt ing i HerbeReliapd metal
.effective nunber of the pores 18 satisfying the above
d1EBREFLPAAS L LOnEifEar sarie ldismdtaring algporactivity.
distribution of the catalyst, i.e., a ratio of pores
AlBhopal Bharamicer vEthednmdh gbliedlianstwrd SaMoust ¢6 an
be from20 to 90% preferably from35 to 85% Wen the
acidi i ®. s, 9044 6i csAaliderf o rc empourisig dHre stelsubhf Uit gedf
are not limted to specific sulfur conpounds and can
théecompphindsl yfdesulifrer nzed,1 ss0 thataddia iease f Sthe acid,
preferred. On the other hand, when the ratio is 20% or

inleogetarper es awmbiiah desmnotcscdmi rd bud daesyy faw izadi on
of the hydrocarbon oil do not increase and, as a

suﬂ;ﬁiﬁg&%taéreﬂeéﬂ tHei zabber tachidvithy sdaes Nata Wacreass: tor
a decreige in desulfurization activity. When the pore
volume is 1 ml/g or smaller, the specific surface area is
not exceedingly small and the active metals show good
dispersibility, resulting in a catalyst having high
desulfurization activity, so that the case is preferred.
When the mean pore diameter is 40A or larger, the
pore diameter of the catalyst on which active metal is
supported also is not small and hence the case is
. preferred. When the pore diameter of the catalyst is
small, desulfurization activity decreases because the
diffusion of sulfur compounds into the catalyst pores is
insufficient. When the mean pore diameter is 180A or
smaller, the specific surface area of the catalyst is not

small and hence the case is preferred. Moreover, in

order to increase an effective number of the pores
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extent, so that the case is preferred. [0017]
Moreover, in order to enhance dispersibility of the
Group 6 netal and the Group 8 netal to be nentioned
bel ow, a phosphorus oxi de may be supported on the
above support. The starting material of the
phosphorus oxide to be supported is preferably the
n ely of the_supp
Sé%y%ﬁgi gVé Fggglt opﬁ'I orl%a%cParg ibineter,

er eo I nc osp

t r opho :
a ???%ﬁos%ﬂ%ﬁﬁ%ﬁégﬁg fpy ?2??§%ﬂ%§ horis achra5ﬁ8 of
_orthgphasphori ¢ aC|d |s articularly preferred.
POEGY E@r ﬁ% a g5 aNGRRHh R AL STpPpRrPPE] tihémphosphér dsis

np be nentioned a nethod o
to; %ﬁ §W§r| qIﬁﬁ%&uﬁﬁﬁﬁeﬁﬁ?rﬁth%o%té?tFﬁgSﬁﬁterWéBn
of the phosphorus 19 conpound [0018] { In this
theoRddOr diF, e HFnoilnl IHT 4 eoTpRRpher e be drpudfuoized
be supported is determ ned so that the total anount
arpngpiditdgities Hieossesrivsl oxdwef ws edompothds and can be

preparati on of the support does not exceed the maximum

ungsprEdty (es%wlpnigiaght Jsofthate Phosphee uss ok deerpetihe
support as defined in the above. For exanple, in the

Oncabe phaert hensuppdren ithepraparedi by2 @ net hogr§ér, pores
kneadi ng the organi c oxide and the phosphorus oxi de,

whachadb obtthentribute desulfurization of the

hydrocarbon oil do not increase and, as a result,
desulfurization activity does not decrease to a large
extent, so that the case is preferred.
[GO17]

Moreover, in order to enhance dispersibility of the
Group 6 metal and the Group 8 metal to be mentioned below,
a2 phosphorus oxide may be supported on the above support.
The starting material of the phosphorus oxide to be
supported is preferably the same as that used in the
preparation of the support. Examples thereof include
orthophosphoric acid, metaphosphoric acid, pyrophosphoric
acid, triphosphoric acid, and tetraphosphoric acid, and
orthophosphoric acid is particularly preferred.
Furthermore, as a method of supporting the phosphorus
compound, there may be mentioned a method of impregnating

the support with the starting material of the phosphorus

19




phosphorus oxide to be used in the kneading is used as
t he phosphorus conpound for supporting. Mdreover, wth
regard to the active netal, for exanple, in the case
of using nol ybdenum a ratio by weight of
[ P205] /[ M003] is preferably fromO0.01 to 1.5, nore
preferably fromO0.05 to 1.0, further preferably from
cohpbUr 0- 5. Wien the ratio by weight is 0.01 or
| arger, Co and Mo can be wholly integrated and, after
| furization, lamnate formati on of nolybdenum
isulfide is achieved. For these two reasons, there
are easi .qQbt ai ned , CoMbS phase and Ni phase whi ch
are ¢ RBughE S SERESRIAYy o AT G ] ore Mike gehor s
sites, especjall MpS phase and N MbS phase which
ot S GUHHING D ats GIe GETRLRES SfoRBAL the fotal
desul furization sites and hence a highly active
ampund) goc lydd nghithe, hasrhewis hexidpeusadeinsthe
preferred. Wen the 20 ratio is 1.5 or smaller, the
Preperadd Ofr O dhe porpamt uires ofot hexcaedl ybe dexpotim
decrease and hence the activity of the catal yst does
Copsendedleas ®yagaight lap facik apipesphoves opidendneake
and carbon precipitation is not invited, so that
suppbirti By detfémiegt din dihd salharal y Eetisedampte pengeththe
case is preferred. [0019] The G oup 6 netal to be
caseppbat-edthien stippocat dlsy giremfrddieoy nvendtOedi 6f kneading
preferably nol ybdenum or tungsten, nore preferably
theobybededdmoxide and the phosphorus oxide, a part of the

[0

phosphorus oxide to be used in the kneading is used as
the phosphorus compound for supporting. Moreover, with
regard to the active metal, for example, in the case of
using molybdenum, a ratio by weight of [P;0s]/[Mo0Os] is
preferably from 0.01 to 1.5, more preferably from 0.05 to
1.0, further preferably from 0.1 to 0.5. When the ratio
by weight is 0.01 or larger, Co and Mo can be wholly
integrated and, after desulfurization, laminate formation
of molybdenum disulfide is achieved. For these two
reasons, there are easily obtained CoMoS phase and NiMoS
phase which are thought to be finally desulfurization
active sites, especially CoMoS phase and NiMoS phase
which show high desulfurization activity among
desulfurization sites and hence a highly active catalyst

is apt to form, so that the case is preferred. When the
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The amount of the Group 6 netal to be supported is
from10 to 40% by weight, preferably from 10 to 30% by
weight, in ternms of an oxide on the basis of the

catal yst. Wen the amount is 10% by wei ght or |arger,
it is sufficient for producing the effect
attributable to the Goup 6 netal and hence the case

rakiopﬁ%fQ[EEQHrwwﬁﬂliérjStﬁgqg@ff EQQEeQr%ﬁga B%r’v% ume

aggregation of the Goup 6 netal conpoun cturs in

oftQ%ES%%Q&?&é%“ﬁH’ﬁ%ﬂ“ﬁé&re%??rgggaééﬁﬁ%(Eﬁ%ﬂ%&%ﬁ%@%y of

resulting 1'n good dispersi ity o
L. it t hi t a] yst t ai .the G
L PR T B R G as Rt e

metal “i'n an anoun
fioieq&adispgr .surface area of the

f ef ion_and the ne |
doggt st e ot %éc?%ﬁggnt T8I RAGE T et . not invited,

Accordingly, .an jnprovenent in catalytic activity is
50 obEaIy B T e i THE ST ot br bt B Bdca9gerioand] hence
thThe Goup 8 netal is preferably cobalt or nickel. The

SnbaRE of PRETEYEHS-8 netal to be supported is from1

to 15% by weight, preferably from3 to 8% by weight,
[CPh%derms” of an oxide on the basis of the catal yst.

When the anmount is 1% by weight or |arger, active

si t esTheitG¥ohpt Gbreted theb& supp8rietalincdthdecatalyst

sufficiently obtained and hence the case is
of ptbteinvdntWhen ishe rafeurntb livs nkiokewei ght onngsten,

smal | er, aggregation of the Goup 8 netal conpound
modeepraderabiyr mbi ybldensirep of

The amount of the Group 6 metal to be supported is

from 10 to 40% by weight, preferably from 10 to 30% by
weight, in terms of an oxide on the basis of the catalyst.
When the amount is 10% by weight or larger, it is
sufficient for producing the effect attributable to the
Group 6 metal and hence the case is preferred. When it
is 40% by weight or smaller, no aggregation of the Group
6 metal compound occurs in the step of Group 6 metal
impregnation (supporting), resulting in good
dispersibility of the Group 6 metal. In addition, this
catalyst contains the Group 6 metal in an amount which
does not exceed the limit of efficient dispersion and the
surface area of the catalyst does not decrease to a large

extent. Accordingly, an improvement in catalytic

activity is observed and hence the case is preferred.
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G oup 8 netal inpregnation (supporting), resulting in
good dispersibility of the Goup 8 netal. In addition,
it is thought that there are observed no formation of
CoO N O etc., which are precursors for Co9Se and

Ni 3S2, which are inactive forns of the G oup 8 netals
such as cobalt and nickel, and no formation of a

8 glt spinel, nickel spinel, or the like
I'ncorporated in support Iattices Accordi ngly, the
catal ytic.activij nprove henc the case |s
pref et Ped® R8P e V%?taﬁhéﬁ &5 FF gﬁglﬂo L of ikt -
as the G oup 8 neta is desired to use them so

that HFofBrurht P Bhecgremméo}ne.t@l < e SHRpegied is
from0.6_ to 1, nore preferably in the range of from
fromzlt §01150nby d Shdti Piafera b Tuemed , teoks by
precursor is not fornmed on Ni, the catalytically
weaghtvelsi teamer @ han evi@eednuihh belkeds afd Henceatalyst.
activity does not decreases, 22 so that the case is
Whenether egounf0021] 3Ty omﬁqim qratiax dyr weaght vef sihes
Goup 8 netal to the Goup 6 netal, which are
at tonbaiabllei hot hber Espegt i ene tartourdrs shaywf Bbovent L ¢
such that the ratio of [the Goup 8 netal]/[the G oup
obBahredl andt henGeotipeb captealils igr dRimed Of 1afeoxiKe is
preferably from0.1 to 0.25. Wen the ratiois 0.1 or

amb@igeis 1he Hor watighr ofr anANRS, PhaffsegddIMIS Phaske

or the Iike, which are thought to be actlve sites for
Grégsubfuetzat EeRpolindnabeshhidd (G uded ea dfstep of
Group 8 metal impregnation (supporting), resulting in
good dispersibility of the Group 8 metal. In addition,
it is thought that there are observed no formation of CoO,
NiO, etc., which are precursors for CosSg and NisS,, which
are inactive forms of the Group 8 metals such as cobalt
and nickel, and no formation of a cobalt spinel, nickel
spinel, or the like incorporated in support lattices.
Accordingly, the catalytic activity is improved and hence
the case 1s preferred. Moreover, when cobalt and nickel
are used as the Group 8 metals, it is desired to use them
so that a molar ratioc of Co/(Ni+Ce) is in the range of
from 0.6 to 1, more preferably in the range of from 0.7
to 1. When the ratio is 0.6 or larger, coke precursor is

not formed on Ni, the catalytically active sites are not

covered with coke, and hence activity does not decreases,
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I mprovenent in desulfurization activity i s enhanced,
so that the case is preferred. When that ratio is
0.25 or smaller, the formation of the aforenentioned
i nactive formof cobalt or nickel (Co958 or Ni 3S2,
etc.) is inhibited and catalytic activity is

I nproved, so that the case is preferred. [0022] The

soagggg:tgg o ggoqst§4§%§§g&§rted is from2 to 14% by

on the basi he Ccatal yst. The carbon is

[OegiLved fromorganic acid, preferably citric acid.
en the anount is 2% by weight or larger, the Goup 8

t al ffici I a conpl ex conpound with the
o garTiEE PG BAL  Fat 2at By ue SORET Ade iRy S e tal to

hth G?ogp 6 nﬁtal which is not in the formof a
the drbPRR Psmesalyi YbdShr ifdre @ntfeinad finathonrotreseive
Goup 8 netal in 23 the step of presulfiding. Thereby,
ameynts phe¥indRoVRat 1sCsvss phede Eivl N IMS phakldhe Group

whi ch are thought to be active sites for
8 mrlsal ¥ OF that GopuPaBemstifli di éie 6 formed netrl hehiceterms

Co9S8 or N 3S2, which are inactive fornms of the G oup
of gameealdesuehpasfeobbly dmdmilcKelto and B cafisdnt the

spinel, nickel spinel, or the like incorporated in
ratsiuppios t Ol At bircksrgee, naheyifelrted,iwo dihat dheTagends,

preferred. Wien the amount is 14% by weight or
NiMomlpledse, tbe theupiBepetali ctanrsuffidigit loe ¥ Mt ive

conpl ex conmpound with the organic acid on the
sitead afystdesmiiageization, is not inhibited, degree of
improvement in desulfurization activity is enhanced, so
that the case is preferred. When that ratio is 0.25 or
smaller, the formation of the aforementioned inactive
form of cobalt or nickel (CosSg or NisS,, etc.) is
inhibited and catalytic activity is improved, so that the
case 1is preferred.
[0022]

The amount of carbon to be supported is from 2 to

14% by weight on the basis of the catalyst. The carbon
is derived from organic acid, preferably citric acid.
When the amount 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, the

Group 6 metal which is not in the form of a complex is

sulfided prior to the sulfidation of the Group 8 metal in
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In this case, however, the G oup 6 netal does not form
a conplex conpound with the organic acid, and al so
the excess carbon derived fromthe organic acid does
not remain on the catal yst surface, so that the case
is preferred. Wien the G oup 6 netal has fornmed a
conplex wth the organic acid the G oup 6 netal is
sul fided_. sinultan ously sul f.idation of t
EhE R o oD B SO A LA Dt PG /( S T e R E
I S, presuned that he sulfld tion, MbS phase and
CoNG R AR TEAS BPESEogHE &r@e% et 19 &R f or
desul furization, are not efficiently forned, |eading
ackiye el £oF nhPFofesPl fpsaceitioncodss Grufjiagently formed
Furthermore, the excess carbon is causative of a
an|die e eCP 1P Witsfzbevaise pref tnectoNe fagms of the
catal yst poison to cover desulfurization-active sites
Grahp i hguste s davrbnast agbal24 agd @d23jel,n sorddexr d¢abalt
obtain the catalyst of the invention, a process is
spicerk, ediokk]l shivhleconpr ithes lslppdntdorgiorateah in
i norgani ¢ oxi de support containing a predeterm ned
supgranintl atof i @e phasphovas yoxilded;ompr ithiang e case is
af orenmenti oned conponents and having the

preffofei®nt iwned prepemnbling, igd 1@20uR GBI 0@ AOURS,
metal, and carbon so as to be the aforenenti oned

theuppars edl REpADt éaﬁssagfacieht&tlyorforﬁp%t A MG 2
conpound contai ning at |east one of
compound with the organic acid on the catalyst surface.
In this case, however, the Group 6 metal does not form a
complex compound with the organic acid, and also the
excess carbon derived from the organic acid does not
remain on the catalyst surface, so that the case is
preferred. When the Group 6 metal has formed a complex
with the organic acid, the Group 6 metal is sulfided
simultaneously with the sulfidation of the Group 8 metal
in the activation (sulfidation}) and it is presumed that
in the sulfidation, CoMoS phase and NiMo$ phase, which
are thought to be active sites for desulfurization, are
not efficiently formed, leading to the formation of
inactive CogSs or NisS:. Furthermore, the excess carbon is
causative of a decrease in activity because it functions

as a catalyst poiscon to cover desulfurization-active

sites during sulfidation stage.
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af orenenti oned Group 6 netals, a conmpound contai ni ng
at | east one of the aforenentioned Goup 8 netals,
and an organic acid, followed by drying. For exanple,
the process is acconplished by inpregnating the
i norgani ¢ oxide support with a solution containing
the conpounds and the |ike, followed by drying.
(oopegifically, for exanple, the catalyst is obtained
by a nmethod which conprises inpregnating an inorganic
oxi d i splurion:. caontaining.thes ounds,. .
7ol | onbc B975r 5oL PR STHa Bansuntt doi St 2o
netal_.to be used . i.n the above inpregnating
orGoPHR; 3R ERerdaes ity ek i 68, SUBPCEEThg, Yon an
.ol ybdophosphoric _acid, anmmoni um nol ybdate, nol ybdic
LnQRH GnAEHE PHREC HibISEtGHaTY | Dy ERiBrarnined amount
mol ybdo Eos horic acid are preferred. Such conpounds
of ;7 BRARAAZES PHe I8 GPEFTHSTIEgh dth o 2 Bt @bl emeduch
an 25 anount. that the catal yst contains the Goup 6
COMRPRFRTR aRY BANGRC Whehiad tseerdnign eshawweperties, a
her ei nabove. [0025] The conpound containing a G oup 8
Crowe af Pathbdes Geobal € oetldnateeyd miaxkedn cav bomat @, be
cobalt citrate, nickel citrate, cobalt nitrate
thdexahyenantionedkelipppirtteat enoexalsy drsatrey @angh Yileion
i ke. Cobalt carbonate, nickel carbonate, cobalt
corgiditatiey andompokeH cbhtatieiake atprefer eshe Gobalte
citrate and nickel citrate are
aforementioned Group 6 metals, a compound containing at

o

least one of the aforementioned Group 8 metals, and an
organic acid, followed by drying. For example, the
process is accomplished by impregnating the inorganic
oxide support with a solution containing the compounds
and the like, followed by drying. Specifically, for
example, the catalyst is obtained by a method which
comprises impregnating an inorganic oxide with a solution
containing these compounds, followed by drying.

[0024]

The compound containing a Group 6 metal to be used
in the above impregnating solution includes molybdenum
trioxide, molybdophosphoric acid, ammonium molybdate,
‘molybdic acid, and the like. Molybdenum trioxide and
molybdophosphoric acid are preferred. Such compounds are

added to the above impregnating solution in such an
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particularly preferred. The above cobalt citrate

i ncl udes cobaltous citrate (Co3(C6H507)2), cobalt
hydrogen citrate (CoHC6H507), cobalt citrate oxysalt
(C03(C6H507) 2. 000), and the like. The nickel citrate

i ncl udes nickelous citrate (N 3(C6H507)2), nicke
hydrogen citrate (N HC6H507), nickel citrate oxysalt

ambhh8( €820 Q) e -
[ Né@aljggiégﬁi | K€ 1] Gfbﬁ%ducegkg ipgan

conmpounds of cobalt and ni can

EQh ko g s RRRRES . for exanple,
Elmt he corlrpo&nds arerao t ai nogﬂgené)%e §}$w ng cobal t
{Ogggﬁonate i n an aqueous solutlon of citric acid. A

citric acid conpound obtained by such a nethod may be

used @as i n.cata reparation_ w thout

FemoviTg CRESHRT: CPRERERIBR STHESE T Spiiiids v udes

a%ﬁgd to the above inpregnatin solution in such an
colbhntatRaRatRe reslict rRroaHYH PP bht el hsathe

in an amunt within the range shown

ni%ﬁ?%lﬁéEB@Eef[GQ?GPtTﬁéPﬁ%ﬁ%ﬂhﬁ%ﬂhiﬁﬁ&kﬁud@scb¢lr|c

aci d nonohydrate, ! «citric anhydride, isocitric acid,
nitggte hexahveaptsri endeithe didie c doilhlsucaimmatei d,
glutaric aC|d adi pic acid, benzoic acid, phthalic

nigkeH, casbghﬁhah cobeild, Cls;adal’ccwl i ai ick: kel @it ca Be i gre

and the like. Gtric acid nonohydrate is preferred.
prafersednpofohal tt oitisete and nickel citrate are
particularly preferred. |

The above cobalt citrate includes cobaltous citrate
(Cos (CeHs07}2), cobalt hydrogen citrate {CoHCsH;0:), cobalt
citrate oxysalt (Cos(CeHsO4):.Co0), and the like. The
nickel citrate includes nickelous citrate {Nis (CeHs07) 2),
nickel hydrogen citrate (NiHCgHs0;), nickel citrate
oxysalt (Nisz(CgHs07)2.N10), and the like.

The citric acid compounds of cobalt and nickel can
be produced in the following manner. In the case of
cobalt, for example, 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.

These compounds are added to the above impregnating

solution in such an amount that the resulting catalyst
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conmpounds contai ning substantially no sulfur as these
organic acids. Wien citric acid is used as the organic
acid, the citric acid may be in the formof citric
acid alone or may be in the formof a citric acid
conpound with cobalt or nickel (Goup 8 netal), such

as those enunerated above. is inportant that the
QEganLc [ ulgd a AN such, an, anoun
<0 Eg résaﬁglgg%ggtal§§%al'qﬁ%wn%??%%?%d%% 5?bé%e ha5H®

?RRU hin_the range shown above. It is suitable
sh atﬂ%ﬁmh %ltlon anount of the organic acid relative

[Oég he Group 8 netal is such that the nolar ration of
% nic acid/ Goup 8 metal is fromO0.2 to 1.2. Wen
this lar ratjio is 2 or larger, active sites
attri d%ﬁ%a?bct%%l@}bﬁﬁinﬁétSPt§ﬂ§ asyify meoneivdrate,
obt ai ned and hence the case is preferred. Wen that
Citht¢ o2pRydradgy dfaciéric Relidwreyhias iagl@7 ottaion
does not have a high viscosity and this not only does
ackdt eegbifeagifongeccinde pericod flortahies sappdyr tacigoic
step but also may result in infiltration of the active
acibt dbentnio mamndr phithsldt talvd dsupiporgh tped 1iet s5cisb,
that good dispersion of the active netals is observed
salandyl hengeitihemeasnitsaprief, emmed.tHd likel sasuitabl€id
that the addition anobunt of the organic acid relative
mordchdieat ot ak pfefber&oupIé Mt dmpandrithe-Gnpp 8
metal is such that a nolar ratio of the

compounds containing substantially no sulfur as these
organic acids.

When citric acid is used as the organic acid, the
citric acid may be in the form of citric acid alone or

may be in the form of a citric acid compound with cobalt

or nickel (Group 8 metal), such as those enumerated above.

It is important that the organic acid should be
added in such an amount that the resulting catalyst
contains residual carbon in an amount within the range
shown above. It is suitable that the addition amount of
the organic acid relative to the Group 8 metal is such
that the molar ration of organic acid/Group 8 metal is
from 0.2 to 1.2. When this molar ratio is 0.2 or larger,
active sites attributable to the Group 8 metal are
sufficiently obtained and hence the case is preferred.

When that ratio is 1.2 or smaller, the impregnating
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organic acid/[(Goup 6 netal)+(Goup 8 netal)] is 0.35
or lower, preferably 0.3 or lower. Wen the ratio is
0.35 or lower, the excess organic acid which has not
formed a conplex with a nmetal does not remain on the
catal yst surface and hence the case is preferred.
When t he excess organic acid remai ns on the catalyst

e e i ¢
Sofggggﬁogﬁ%%udaﬁwt 4#¢%atlo 89?{g iR s Sc%%%sonly
d u ase t referred 0027] Wen t
do%%n%%ﬁng gggr%GEOUp %'téﬁ“ Peieed % d %?pgprglng
o] tal does suf f.i cientl dlssolve in the
stehpbl nsﬂgﬁgmsgl FESHIT an et uatn b et ke
ﬁ%# ?CId an orggnrc aci.d citric aci
FcIREPYLOP&Tt ARG Satifd FhR 0513131303?%@%?1%?’5% mo that
%ng ound. An or%anlc acid is preferably used. Wen 28
9oQ% ot §ARFEIAR %i §hseqt ivifeme s chs exbsiered camdon

derived fromthe acid renmains in the catalyst
hergpe afhedcasgoiehareferigd -nportant to regul ate the
carbon content of the catalyst so as to be within the .
r angel lshicw boveuit§igbesthahetbel welti tion divesaltviory the
the above each conponent in the above inpregnating
orgutinianidsredbativeWienthee toarmiuntt dfhd lragl venietal
used is too snmall, the support cannot be sufficiently
and npregéaded. 8Whehal hésseliedntthat a molar ratio of the
organic acid/[(Group 6 metal)+ (Group 8 metal)] is 0.35 or
lower, preferably 0.3 or lower. When the ratio is 0.35
or lower, the excess organic acid which has not formed a
complex with a metal does not remain on the catalyst
surface and hence the case is preferred. When the excess
organic acid remains on the catalyst surface, the acid
may flow out together with a feedstock oil in the
sulfidation step in some cases and thus the case is not
preferred.
[0027]

When the compound of a Group 6 metal or the
compound of a Group 8 metal does not sufficiently
dissolve in the impregnating solution, an acid may be
used, such as nitric acid, an organic acid (e.g., citric

acid, malic acid, tartaric acid, etc.)), together with

that compound. An organic acid is preferably used. When
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anount is too large, a part of the active netals

di ssol ved remai ns adherent to the rimand other parts
of the container for the inpregnating solution

wi thout infiltrating into the support, so that the
desired i inpregnation anount cannot be obtained.
Consequently, the anobunt of the solvent is preferably

anf59§h§9ct%c%g,gs B%rd10QH%fg épgdé% ort %¥% %%r?ﬁg

egnating sol uti on prepare
pg 0 t solvent occas
de?e gelr a?%e%?ﬁ%y%g’el S than 0161? o d ftﬁ)%’ akPJE)?]bnﬁg'
tg % perature i MAth i this rang each compound
50 o ”Eae. SABEPGERRS oAU T e ST SOPIBRBE of
th%ooz % |nor ani c_oxide suppart is inpregnated with
hgd ﬁat P g *8oPGt Mort RS SRRl S Thetlepye -
sugﬁort above |nd|V|duaI conmponents contained in the
tion on 29 the inorganic oxide support. The
I nmpre natlon may be conducted under various
condi ¥l vk vierr dhsgeheinl, thehebompr eguht icomponent
tenperature is preferably higher than 0OC and | ower
intHam above Ihpregprégngt sod uderirodis svatreom 19Then ntihes
to 3 hours, preferably from20 mnutes to 2 hours,
amqumtn@fetpeeéeiabhy ficem 3@ MdmﬂsmaﬂMJZhHHMHUp§NE¥1
the inpregnation tenperature is too high, drying nay
camoeetrbe dsnf Aigcidet L gpiRgrabheted.eSWHdmM@GHeN solvent
unevenness of the degree of dispersion. It is
amdairef e £ etob 018t bk, tHepart of the active metals
dissolved remains adherent to the rim and other parts of
the container for the impregnating solution without
infiltrating into the support, so that the desired
impregnation amount cannot be obtained. Consequently,
the amount of the solvent is preferably from 50 to 90 g
per 100 g of the support. An impregnating solution is
prepared by dissolving the above components in the
solvent. On this occasion, a temperature may be higher
than 0°C to 100°C. So long as the temperature is within
this range, each compound can be satisfactorily dissolved
in the above solvent.
{00292]
The inorganic oxide support is impregnated with the

impregnating solution thus prepared to thereby support

above individual components contained in the solution on
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m xture during the inpregnation. [0030] The water
contained in the inpregnated support is renoved to
some degree (to LA (loss on ignition) of about 50%
or lower) at a tenperature of fromroom tenperature
to about 80C in a nitrogen or air streamor under
vacuum Thereafter, drying is conducted in an air or
itk it : acu a rature o
thl EMRGemild eam re Fﬁ% Em@r%@ﬂggﬁ?ﬁ D5y be

200C or lower for a riod of om urs to

) ' ' ted. at t t
coRPTse S e UL e IO, O e Bt o tngagre !
to.be in the fqormof a conplex with a netal, is not

thpe LERIEYTANAT MEMREHAT Yt SUrPERECBRMALY daighessihan 0°C
it.is eazi%;o precisely regulate the formation of
ang, kRYeTh 48&tartd RE Mo SThgh 488 T agmiadh oy @i his toram 15
.thg abogve ag%ive sites _for _desulfurization, when the
MIPBSEFt TPy Tat@ Yyt Beeiebfltvedr3n £§ fimuites ion, 2 shours,
that the case is preferred. However, when the drying
anfdsmegRihcedgrakder fFrasu R RiTetRy ity 1 shopr ef ehbhythe
,_conducted at a tenperature range which corresponds the
1nppegeatempetampedatange isn tay meig, ¢ressureaat oZ60r
nHg. [0031] In the invention, the catalyst obtained
dupyngstppoimpnggprédener mased @ronnts wiewverXosp 6F the
netal, a Goup 8 netal, and carbon on an inorganic
degredeosuppepersion. It is preferred to stir the
mixture during the impregnation.
[0030]
The water contained in the impregnated support is
removed to some degree (to LOI (loss on ignition) of
- about 50% or lower) at a temperature of from room

temperature to about 80°C in a nitrogen or air stream or
under vacuum. Thereafter, drying is conducted in an air
or nitrogen stream or under vacuum at a temperature of
200°C or lower for a period of from 5 hours 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 and, as a result, it is easy to
precisely regulate the formation of CoMoS phase and NiMoS
phase, which are thought to be the above active sites for

desulfurization, when the resulting catalyst is subjected
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contai ning a predeterm ned anount of a phosphorus
oxide, followed by drying at a predeterm ned
tenperature has a specific surface area of from 100
to 400 n2/g, preferably from 150 to 350 nR/g, a pore
volume of from0.2 to 0.6 m/g, preferably fromO.3
to 0.6 m/g, nore preferably from0.3 to 0.5 n/g

a or ' t 0 rom 50 to 200A,
top?g%g?a%:yQ)Hoﬁ?@ghﬁg?fggi, %D?el%r%¥%%%ﬁr§g‘frgﬁW§Uer'
t QA. . _\Wen r.espectiyv ysical properti of, the .
Wh%%e%? i€u§3$¥58§ ﬁﬁﬁéu{§§€ %%ﬁ%ﬁe?aﬁﬂﬁmnegﬁep8F¥lng 18
di.,aneter of the catalyst fall within the above ranges,
prgfess i‘iﬁ’e&o@ﬁ{bﬁtﬁaqt caéa/cat i VAERCTRUAT ¢ af #ede afiBiekpect ed

obj ects can_be achi eved. The control of the above
COFLEFRO e thfy SIPOHIe FrdRG 13 E4rsy ¥andet e hpBEWE PAnges
can be easily achieved by selecting the above
Pr?§§ﬁé€tﬁ¢e7ééh9§ﬁ@bl properties of the inorganic oxide
support containing a phosphorus oxide to be used
[O@LLHi n the above 31 ranges of the above respective
physi cal properties regarding to the above support,
regul Bt i tige t hevenuppont i hpe aeradlys tofolttad neetéssar y
supporting conponents such as the Goup 6 netal and
supherBiogppd etetarninthl ridhmBabave a r@nges, s andtal, a
regul ating drying conditions after supporting of the

Groepessaeyatonpaderts bl kirh drhei rabayen 1angesad NsubPsrt
catal yst preparation. [0032] Furthernore, in the
cokBa@hyaly af prhaeirBYeAhicN arfditit of a phosphorus oxide,
followed by drying at a predetermined temperature has a
specific surface area of from 100 to 400 m°/g, preferably
from 150 to 350 m®’/g, a pore volume of from 0.2 to 0.6
ml/g, preferably from 0.3 to 0.6 ml/g, more preferably
from 0.3 to 0.5 ml/g, and an mean pore diameter of from
50 to 2004, preferably from 50 to 180A, more preferably
from 50 to 150A. When respective physical properties of
the specific surface area, pore volume, and mean pore
diameter of the catalyst fall within the above ranges, a
desired catalytic activity is attained and expected
objects can be achieved. The control of the above
respective physical properties within the above ranges
can be easily achieved by selecting the above respective
physical properties of the inorganic oxide support

containing a phosphorus oxide to be used within the above
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phosphorus atomis highly dispersed. Wien EPMA |ine
anal ysis of the phosphorus atomis conducted from one
surface of cross-section of the catalyst to the
opposite surface though the center, an S val ue
represented by the follow ng equation (1), which is a
nmeasure of dispersibility of the phosphorus atom is

raﬁg%% bavehe AWRfELrRA Y 4 fWelﬁ%gsi%gggﬁ%géggﬁﬁggly 3

of lower. The | ower val ue s neous

. . f S_val .
<efheREEe 08 0hd R b S0 JUEDs e S Rins

ower , sperse
har.u t | S _.mintai ned and active tals
nBRRTR SR v W T AR BB At SaTone sen 2
act.i vity doe ot__decreases and, hence the case is
thEEFEHPLS. Mo An @ el q RO hHRSPhor bt BkR debpgabove
further suppoghed,on the support, the phosphorus atom
Tapgepr e8BAt LEF ARG 106 OFoE Ryt 19RS  RBERF yBEPPAT Aing
| arge anount. Even in that case, the 32 supporting
of ahBENRECEEFFEM CREPOSRE LS IHEhighdhheboke Bingedein
phosphorus oxide are controlled so that the equation
theiyarglyati preparatdaonhi s connection, Imax is a
maxi mum val ue of the nmeasured value of the
[0@dAtentrati on of the phosphorus atom by EPMA |ine
analysis, Imn is a mninmmvalue of the nmeasured
val ug'wfthdienconcein reheonabhlybe plioshhonus entialrQmthe
by EPMA |ine analysis, and lave. is an average val ue
phofphbeuseasunedsvaligalef dikecaeneent naidomEmia thene
analysis of the phosphorus atom is conducted from one
surface of cross-section of the catalyst to the opposite
surface though the center, an S value represented by the
following equation (1), which is a measure of
dispersibility of the phosphorus atom, is 5 or lower,
preferably 4 or lower, more preferably 3 or lower. The
lower S value shows a homogeneous dispersion of the
phosphorus atom. When the S value is 5 or lower, a
highly dispersed state of the phosphorus atom is
maintained and active metals are highly dispersed, so
that desulfurization activity does not decreases and
hence the case is preferred. In the case that a
phosphorus oxide is further supported on the support, the

phosphorus atom is present on the surface layer of the

catalyst in a large amount. Even in that case, the
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phosphorus atom by EPMA |ine anal ysis.

S=exp( 0. 04xl ave. +0. 013xI max- 0. 014xIm n)<_5.0 (1)

[0033] Moreover, in the catalyst of the invention, an
average nunber of lam nating |ayers of Goup 6 netal

di sul fide such as nol ybdenum di sul fi de observed
through a transm ssion electron m croscope after

suﬁﬂb?tgﬁg:‘ Qﬁohﬁt,prs%%‘f%ﬁmﬁﬁg{ f 2 chi'%%r?s ,Fﬁ(rg\@r@lllé/’ 1108 of

ayers nol ybdenu isu e are forned

n ' ani Xi rt;-to, play..a.raole of .
th?n%%ﬁ%%%ﬁgﬁg gg%?%cﬁﬁgrzgﬁb %%%?%xi%ﬂ%&ﬁteéﬁf qiggtion
(1 ctiveaﬁLt?s éuch as a CoMoS phase or N MoS phase is

or red®r it he Fayers. In the case of the catalyst

havi n. average nunber _of lamnating |ayers of 2.5

or hrlg}]ea}l%f%lg%cf?bo%f 9pE FSof f“ﬁ§%@8%§ar}l’°ﬂ§sé’forthe
Ni MoS phase having |low activity is not high and high

mePRr§it Yaide exhithet eancss trrdti omhe fodde imhgpariteried.
Moreover, in_the case of the catalyst having an

atem pagerHanbépeopnal yailnat iGN dyerms myfMmiBnge Yaolke of
highly active type Il of the CoMbS phase or N MS

thegHagesisedoratde absthet eongebdratdfont e ddtd whasplesrus
does not decrease, and high activity is exhibited, so

atomaby tBeMEasenesapréffeisedankn Iblvies denrectaverad@s walue
phot ograph of the transm ssion electron mcroscope to

of beheisesh $wrednab¥sespf the concentration of the

phosphorus atom by EPMA line analysis.
S=exp (0.04xIave.+0.013xImax-0.,014xImin)<5,0 (1)

[0033]

Moreover, in the catalyst of the invention, an
average number of laminating layers of Group 6 metal
disulfide such as molybdenum disulfide observed through a
transmission electron microscope after sulfidation is
preferably from 2.5 to 5.
| Namely, the layers of molybdenum disulfide or the
like are formed on the inorganic oxide support to play a
role of increasing a contact area of the catalyst and
also active sites such as a CoMoS phase or NiMoS phase is
formed in the layers. In the case of the catalyst having

an average number of laminating layers of 2.5 or higher,
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there is used one where 200 or nore crystals of the
Goup 6 netal disulfide such as nol ybdenum di sul fi de
per one field of view can be observed visually.
[0034] Furthernore, an in-plane-direction |ength of
the layer of Goup 6 netal disulfide such as

nmol ybdenum di sul fi de observed through a transm ssi on

a PAECHTOR tFLEr 9S6@PeHieS coMiskallnL Jd Up i o§'é_}h§§%
en e

preferably from2 to 3.5 nmon average. _
hay BG! foliSadtEey Liangsh phie coRfl; Af o4 Gf8ly CaD
forma square pyramd type pentacoor nate T sur¥ ur
xS HELYr egheca §ethEe Legul nol ybdepum .
|Sﬁﬁ%| e or tﬁe i ecgrgg rc‘%t %S:regéeerrﬁe,&/‘onl HP S gl
| es. n ntly, a.CoMoS phase or N MbS phase
h .
t %gé%gﬁgggstggt?ggggyﬁgshégﬁngeapoﬁﬁﬁf%ﬁﬁi t%ﬁ
15,5288, 34 if referreg. When t he %gn th is 3.5 nmor
LAY TRETEL801 Oi BT nbRYEF - oP i6idds 3 116t PaRRCER of
th_be se the crystals of nolybdenum disulfide or the
¢ i%A819% MEsparhelliMas Rhpggulf, TRTOGWS Pty number
Ni MoS phase serving active sites can be secured in a
of &iltg iztehventhbef @pBShentedenscasase angl priafreradd. vilty
. _this connection, as a photograph of the transm ssion
is @xdeihioredi cfostbpe thebeagsedsf predeainysi.s, there is
simlarly used one where 200 or nore crystals of the
G oupn6 tidsalcadirmdtfiicde sach gshodybaehuatdisel fi de
transmission electron microscope to be used for analysis,
there is used one where 200 or more crystals of the Group
6 metal disulfide such as molybdenum disulfide per one
field of view can be observed visually.
[0034]

Furthermore, an in-plane-direction length of the
layer of Group 6 metal disulfide such as molybdenum
disulfide observed through a transmission electron
microscope is suitably from 1 to 3.5 nm, preferably from
2 to 3.5 nm on average.

When the length is 1 nm or longer, the cobalt or
nickel can form a square pyramid type pentacoordinate
sulfur structure because the-molecules of molybdenum
disulfide or the like are not present only as single

molecules. Consequently, a CoMoS phase or NiMoS phase

serving as active sites can be formed and hence the case
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per one field of view can be observed visually. [0035]
The shape of the catalyst in the invention is not
particularly limted, and any shapes ordinarily used

for this kind of catalyst, for exanple, a
cylindrical, trilobe, and quadl obe shape can be
enpl oyed. The size of the catalyst is preferably such

istﬁﬂbfbﬁ%e@LamWﬁ%hiﬁ%e ?gﬂgj{k%$1%hgonﬁ ﬁgh?@gr£gg, the

| ength is about from?2 e nec

t t t tiyo | of, si.de crushin
PSSR PRI TALU Y Shedh BT AL

cr?%ggfg' o\ﬁh%]%%ede%% ic?isab]g#%d%hégsé:gg] gg.tkﬁhiyig{]er{dt large.

ere does not” occur an el%/

pac kpto _a tor are dei%é? ed to cause a .
As p$ eggg‘ﬁ%t' diFf Fré)?’lgﬁc gﬁ\ﬁstehioﬁ %l%&*%%?e aPRiC Y Hed epgtive
S.the 35 cgntinuation,of hydrotreati ng operati on becones
L RPoSebPE. SERETEGD A Fe S USHIC IfiHs MYy B ndfhetee the

catalyst is preferably fromO0.6 to 1.2 g/m. The
Cagtat® BFedPETPAbution of the active netals in the

catalyst is preferably of the uniformtype in which

t he i Mel fretanse af ohondgenebbeky adephr ofutdée i n t he

catal yst. [0036] The hydrotreatnent of the invention
tramspl pgidpdelectron microscope to be used for analysis,
there is similarly used one where 200 or more crystals of
the Group 6 metal disulfide such as molybdenum disulfide
per one field of view can be observed visually.
[0035]

The shape of the catalyst in the invention is not
particularly limited, and any shapes ordinarily used for
this kind of catalyst, for example, a cylindrical,
trilobe, and quadlobe shape can be employed. The size of
the catalyst is preferably such that the diameter is
about from 1 to 2 mm and the length is about from 2 to 5
.

The mechanical strength of the catalyst, in terms
of side crushing strength ($CS), is preferably about 2
1bs/mm or higher. When the SCS is about 2 1lbs/mm or
higher, there does not occur an event that the catalyst

packed into a reactor are destroyed to cause a Pbressure

difference within the reactor and thereby the
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whi ch conprises bringing a hydrocarbon oil containing
sul fur conpounds into contact with the catal yst under
the conditions of a hydrogen partial pressure of from
0.7 to 8 MPa, a tenperature of from 220 to 420C, a
liquid hourly space velocity of from0.3 to 10 hr"1,
and a hydrogen/oil ratio of from20 to 1000 n8

GRonmRdH d10 ea i 26, f&?rp a LI and

co R erony g S e U fhd e%%g%gﬁ bRABRgY: ng

im?gggqﬁ conmpounds difficult to renove, contained in
he hy&rocarbon oil. By the hydrotreatnent of the

i nvent on r a e .obt ai_ ned roduct. oi |l having .

a suri%g %8% gﬁ e§f8T6Q B5RBY Yne' &t |§R&ch§§ﬁ¥ﬁg 1s

h %ro rb oi | gf napht_ha kerosene, or gas oil :
pr?¥ 5?%2#.%%6ngv rﬁofgrzbé%ﬁ%h1gas oil, there can be

obt ai ned a ggodugt 0i | having a reduced sulfur

cont efit® of t 8308 by AW FERPUEL OPowdT thsr ercdrials yredmls in

0.0796b§ wei.ght or_ lower, the sulfur content being
ther CHFRAVEY dBobrefedmbi vt @ Uokhsy Wikl Eowm ByvRéolighwhich

vari es depending on crude oils. [0037] For practicing
the haChyUrolieéatlre At crBoRogeafeautmly | et it eh fn the

commerci al scale, a fixed-bed, noving-bed, or
catalyvdized-bed type catal yst |ayer conprising the

catal yst of the invention may be di sposed in a
[O9@ttor. Then, hydrotreatnent may be acconplished by

introducing a feedstock oil into this reactor and

reactibng hydrmidesatient of the invention is a method
which comprises bringing a hydrocarbon oil containing
sulfur compounds into contact with the catalyst under the
conditions of a hydrogen partial pressure of from 0.7 to
8 MPa, a temperature of from 220 to 420°C, a liquid hourly
space velocity of from 0.3 to 10 hr™, and a hydrogen/oil
ratio of from 20 to 1000 m® (normal)/kl to desulfurize the
hydrocarbon oil and thereby diminish the sulfur compounds,
including sulfur compounds difficult to remove, contained
in the hydrocarbeon oil.

By the hydrotreatment of the invention, there can

be obtained a product o0il having a sulfur content of 10
ppm by weight or lower for a hydrocarbon oil of naphtha,
kerosene, or gas oil fraction. Moreover, for vacuum gas

0il, there can be obtained a product oil having a reduced

sulfur content of 0.3% by weight or lower, preferably
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condi ti ons descri bed above. Mdst commonly, a fixed-bed
catal yst layer is disposed in a reactor and a

feedstock oil is introduced into an upper part of the
react or and passed through the fixed bed fromthe
upper to the I ower side thereof. The product oil is

di scharged froman | ower part of the reactor. The

0.0% heg oo ithg iorqu%w'de% By, b&f%&%”@&?%%%?g}?%ing

hydr ot'r eat rfent et hod wherern rea

CQk t I.n.asingle . .reactqr. packed wth the .
or ERHIIS apbled e CBFC d AR Uy DEEKSR M A eh dFap it

succegsive dr ot r eat ent, et hod wherei n severa

.h
vatdagt or 8 ShEdkEd O TR I i al yst are used to conduct

[Oé Z treatnment. Before use (i.e., prior to the
fotreatment nethod of the i nvention), the catalyst
of the invention 37 is activated by sulfidation in

the rEaEtRFacthelngurhpdhtPsn tireadaraic medhnid lpfa the
._sul fur conpound- containing petroleumdistillate, the
InweRELPRaPE acE6ANBRACAGL &dfdeld t erEixedabedl fievhgg-bed,

g?ent such as dinethyl disulfide or carbon disulfide,
or ot laydiegenbedukivpge catddrysd hyalreogerorat mosipher ehof

ordi nary pressure or higher at a tenperature of from
ca20Dysb 400Che pneketabhy marom 50 4y SEOGn BXAMPLEor .
Then, hydrotreatment may be accomplished by introducing a
feedstock o0il into this reactor and reacting it under the
conditions described above.

Most commonly, 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 an lower part of the
reactor.

The method of the invention may be a single-stage
hydrotreatment method wherein the treatment is conducted
in a single reactor packed with the catalyst of the
invention, or may be a multistage successive
hydrotreatment method wherein several reactors packed
with the catalyst are used to conduct the treatment.

Before use (i.e., prior to the hydrotreatment

method of the invention), the catalyst of the invention
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[0038] The following will describe the invention wth
reference to Exanples but the invention is not limted
by these Exanples. [0039] Exanple 1 Silica was
kneaded together with alum na hydrate and

ort hophosphoric acid, and the resulting m xture was
extrusi on-nol ded and then cal cined at 600C for 2 hours

15! BotQRLAIY B PROSNOS; Ox1 - P! £858LUR NagggNpOS] te
support in the formot cylindrical noldings EaV|ng a
i r.,of: 1/ ' hosphor xi.de-silical/alum na
Su%g?gﬁgﬁfgﬁi%ﬁlq%%f%g%?ﬂég?hégoguﬁé}?ﬁF760%5?6P8§pecific
rf. area, 398 nP/.q; n_pore dianete 62A). To
coBfn AN B O ERa Aot bt B et B° aGtiekL v1@B%g 38 of
cobalt nitrate hexahydrate, 3.84 g.of citric acid
coR IR GO P Y o SiDHEIAS M yblaEach as
.fo%bg_ %ﬁ by heating to 80C and stirring for 10
dige ﬁﬁss S%Etlgien o SRR ot ek i dpr et T8RO UERL O
an eggpl ant tygg_flask was i ntroduced 30.0 g of the
subbbde prESEhEr hydswidgar i imasrhe e o eokiposiYepressure
support. The whol e i npregnating sol uti on was added

orthegbto witt h &epipetttairanc f hierew @l ttovas0 Groyer sed in
the solution at about 25C for 3 hours. Thereafter, the

prafippabl ywdgoal b6vedot aodrg.in a

EXAMPLE
[0038]

The following will describe the invention with
reference to Examples but the invention is not limited by
these Examples.

[0039]
Example 1

Silica was kneaded together with alumina hydrate
and orthophosphoric acid, and the resulting mixture was
extrusion-molded and then calcined at 600°C for 2 hours to
obtain a phosphorus oxide-silica-alumina composite
support in the form of cylindrical moldings having a
diameter of 1/16 inch (phosphorus oxide-silica/alumina
weight ratio, 4/1/95; pore volume, 0.70 m®/g; specific
surface area, 398 m’/g; mean pore diameter, 62A).

To 20.1 g of ion-exchanged water were added 7.98 g
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nitrogen streamand then dried in a nuffle furnace at
120C for about 16 hours to obtain Catalyst A [0040]
Exanpl e 2 A powder of zeolite SHY having an Si Q2/ Al 203
nolar ratio of 6 (average particle dianmeter, 3.5 m
87% of all zeolite particles was accounted for by
ones having a particle dianmeter of 6 mor smaller)

a Q9el the hydr at e and
of RNt hsrr e Rerah vt £ N E ﬁ%g%ﬁmr%cms
sion the cal ci,ned at. 600C for
mofihi42e 6 bear 9& @%ogpﬁ R ot a4 uhe haowed
conposite support in the formof cylindrical noldings
thla%@ﬁgna EPaE@t%rai@‘ﬂ srisripghfogphdsphorgss to obtain a
oxi de/ zeolite/alum na weight ratio, 4/7/89; pore
soyiet e, fOr 7omRE EgRagpei-fi ¢ surface area, 412 n2/g; 39
nmean pore dianeter, 63A). To 38.9 g of ion-exchanged
wat erlnier @b 5aah gypef fEabil wvasatbbmatiecet? .31 Qg g
of citric acid nonohydrate, and 15.07 g of nol ybdenum
of tthexikeve f phbopbdrby heddens i ltica8@C uanich s tdanp el f @r
10 mnutes to obtain a solution for inpregnation.
suppe ot an Bggpihaol et yppregask inas soltutdduc et Shdigs  of
t he above zeolite-al um na conposite support. The

thevet® wiph egnat begtsokuti ehewasippdded waherighm Mdd 8
pi pette and the support was imrersed in the solution

thdlsolution at about 25°C for 3 hours.

Thereafter, the support was allowed to dry in a
nitrogen stream and then dried in a muffle furnace at
120°C for about 16 hours to obtain Catalyst A.

[0040]
Example 2

A powder of zeolite SHY having an $iQ,/Al,0; molar
ratio of 6 (average particle diameter, 3.5 pm; 87% of all
zeolite particles was accounted for by ones having a
particle diameter of 6 um or smaller) was kneaded
together with alumina hydrate and orthophosphoric acid,
and the resulting mixture was extrusion-molded and then
calcined at 600°C for 2 hours to obtain a phosphorus
oxide-zeolite-alumina composite support in the form of
cylindrical moldings having a diameter of 1/16 inch
(phosphorus oxide/zeolite/alumina weight ratio, 4/7/89;

pore volume, 0.70 ml/g; specific surface area, 412 n@/g;
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about 25C for 3 hours. Thereafter, the support was
allowed to dry in a nitrogen streamand then dried in
a nuffle furnace at 120C for about 16 hours to obtain
Catal yst B. [0041] Exanple 3 A powder of zeolite SHY
having an Si 02/ Al 28 nolar ratio of 6 (average
particle dianeter, 3.5 m 87%of all zeolite
ryicles. count:ed for by ones having a particle
megﬁa b?éraég%%t%?ér sﬁgrler) was kneaded together wth
acid, and the

al umnna ate and ort hophosphori h
resulqlé?ﬁgx?u? h%§_$§Fgﬂ§9§H-Wﬁ&&§dW§ﬁﬁ fded ©-44 g
calciygd at. 600C for 2 gpurs to obtain a(ghosphorus

of \3PaRl L eGRFPREAI S N4 -EdmfoSitt & idipisoracit HeRCE R b/
havi ng a di aneter of 1/16 inch 40

yL%ngﬁical nDIdin%E _ _
an%p sPhoP usLoRPderoesir dratsiidfa vici lgmwedithy heating
4/ 7/89; pore volume, 0.70 m/g; specific surface
toaf@% D 379y ingredor pbPenthabtetetp 6BApinTa 34198 i@n
of ion-exchanged water were added 16.07 g of
foxobmpreuisakienate and 27.59 g of mol ybdophosphoric
acid, followed by heating to 80C and stirring for 10
m nutleda @mbEipl anisot whe onlésk wapr eghabdaaed 1H0Q cary
eggpl ant type flask was introduced 50.0 g of the
of afiowealzeot | teodl tet-adundAROSb® oSURROppHIa: . W £
i mpregnating solution was added thereto with a
whole impregnating solution was added thereto with a

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

Thereafter, the support was allowed to dry in a
nitrogen stream and then dried in a muffle furnace at
120°C for about 16 hours to obtain Catalyst B.

100411
Example 3

A powder of zeolite SHY having an Si0,/A1,0; molar
ratio of 6 (averagé particle diameter, 3.5 pm; 87% of all
zeolite particles was accounted for by ones having a
particle diameter of 6 um or smaller) was kneaded
together with alumina hydrate and orthophosphoric acid,
and the resulting mixture was extrusion-molded and then
calcined at 600°C for 2 hours to obtain a phosphorus
oxXide-zeolite-alumina composite support in the form bf

cylindrical moldings having a diameter of 1/16 inch
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pi pette and the support was imersed in the solution
at about 25C for 3 hours. Thereafter, the support was
allowed to dry in a nitrogen streamand then dried in
a nmuffle furnace at 120C for about 16 hours to obtain
Catalyst C. [0042] Exanple 4 Silica was kneaded
together with alum na hydrate and ort hophosphoric

(pBSEEhoa0e bhe dessWdiiing i d@ A, hour%ﬁ?%‘?%?a 5*9179'@9

and t hen cal ci ned at

R R R

form 6f cylindrida

1 c hor OX|de/5|I|ca/aIun1na wei ght
me%ét Ok@ ﬁé%gg%%%drg%v Iune, 0.68 m/g; specific

sur f 417 _nR/ nmean pore diameter, 64A). 41
To Z}E%d? ?oﬁfek%ﬁaﬁﬁgg RE?QrWﬂ§F§ Hgded ardssl 4 6.07
% cobaLﬁous C|%rate and 12.59 of nnlfbdophosphorlc

9 % bebFPBRed by 2h&atiPhy 2o 58908 &d =i yhderhesphapic

m nutes to obtain a solution for inpregnation. Into an
acigpfahtovggebr| Asktiag itot BEdlcedd36.La rgingf fiohe 10

. above phosphorus oxi de-silica-al um na conposite
ml%ﬂk@%rgg qgéamﬁoﬁespﬁﬁﬁégnaﬁpmgLmﬂnﬁqnﬂtmwm added
thereto with a pipette and the support was imersed in
t he daitgt iagn eggrbout 2B f bialkhwass intheneakiesd . they
support was allowed to dry in a
of the above zeolite-alumina composite support. The

whole impregnating solution was added thereto with a
pipette and the support was immersed in the solution at
about 25°C for 3 hours.

Thereafter, the support was allowed to dry in a
nitrogen stream and then dried in a muffle furnace at
120°C for about 16 hours to obtain Catalyst C.

[0042]
Example 4

Silica was kneaded together with alumina hydrate
and orthophosphoric acid, and the resulting mixture was
extrusion-molded and then calcined at 600°C for 2 hours to
obtain a phosphorus oxide-silica-alumina composite
support in the form of cylindrical moldings having a
diameter of 1/16 inch (phosphorus oxide/silica/alumina
welght ratio, 3/5/92; pore volume, 0.68 ml/g; specific

surface area, 417 m®/g; mean pore diameter, 64A4).
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nitrogen streamand then dried in a nuffle furnace at
120C for about 16 hours to obtain Catalyst E. [0043]
Exanple 5 Silica was kneaded together with alum na
hydrate and orthophosphoric acid, and the resulting
m xture was extrusion-nol ded and then cal ci ned at
600C for 2 hours to obtain a phosphorus

oxi d iJicC unkn 0 ' support in the fo f

oyl i el el Ot b gl anr g eq HAERE, st et ARdetch 22 o
( S idelsili.calal.ym na _ weight.ratio,

Ofi&%ﬁ%?ggﬁg;ngkg%$oﬁﬁ%eizoﬁ$8qm%%xm%§&h99§hp§ﬁﬁ9%&%
area §i4 né/ , mean pore di aneter, 98A) To 26. 40

aclf, | Eal LR ngédhﬁéFéPgméPeSé’aaeang. stigrisg demalltous

. citrate and, 26. 40 f _nol ybdophosphoric | acid,

Migit Ok BYEACR: PngoLBtaoe 4Rd SEIEMATRATIGM 10 42
mnutes to obtain a solution for inpregnation. Into an
eggpll&HC 3 FIRSK alsYRP it Fbaskewagdointgodstethg0.0 g
above phosphorus oxide-silica-alum na conposite

of dfilpporeovahehappheriappeghatsig isel-wtlivornneas cadueti te
thereto with a pipette and the support was inmrersed in

supdetsol uthenwhe labouprestatong3 shdurtsionTherseafdderd t he
support was allowed to dry in a nitrogen stream and

thetrweo dritgd 2 npdpatfél enfluthaceuabort2®G o dinmalicdd 16
hours to obtain Catalyst F. [0044]

the solution at about 25°C for 3 hours.

Thereafter, the support was allowed to dry in a
nitrogen stream and then dried in a muffle furnace at
120°C for about 16 hours to obtain Catalyst E.

[0043]
Example 5

Silica was kneaded together with alumina hydrate
and orthophosphoric acid, and the resulting mixture was
extrusion-molded and then calcined at 600°C for 2 hours to
obtain a phosphorus oxide-silica-alumina composite
support in the form of cylindrical moldings having a
diameter of 1/16 inch (phosphorus oxide/silica/alumina
weight ratio, 4.4/5/90.5; pore volume, 0.78 ml/g;
specific surface area, 324 m?/g; mean pore diameter, 98A).

To 26.40 g of ion-exchanged water were added 9.81 g

of cobaltous citrate and 26.40 g of molybdophosphoric

acid, followed by heating to 80°C and stirring for 10
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Exanple 6 To 25.99 g of ion-exchanged water were added
10.35 g of cobaltous citrate, 25.99 g of

nol ybdophosphoric acid, and phosphoric acid (85%
aqueous solution), followed by heating to 80C and
stirring for 10 mnutes to obtain a solution for

i npregnation. Into an eggpl ant type flask was

miﬁEE%QdHSGSb%ng .s%lu%qonpqo ﬁﬁﬁqnaQﬂﬁaned |n

oxl de-srlca-aluni na conpos it
Exa The whol e | eg g soluytion = was
thepg{o Wit g%?? ?ﬁ@sguﬁﬁérﬁnﬁé§ uFﬁﬁe@@e@ g
f'ﬂ%th solut n t about 5C faor 3 hours. Thereafter,
© ??‘6%‘8%? SPAPFYRed >t gy ittt 2l sy PR ehne
and then dried in a nuffle furnace at 120C for about
SURRCHour sTEB BBPAPn1RRFS&EPatiag [Fod48]ius warmlided

Al um na, hydrat e was extrusi on-nol ded and then

Ltherf e febtht 26bdeetbe 2nAoths SobwIsted wasy |l immissad in
nol di ngs having a dianeter of 1/16 inch. To 200 g of

the g lexchenget aabet 28%C afided3 1hbugsof ort hophosphoric
acid. After the whole was thoroughly stirred, the
abov&hegdad itk cadlhend ubigst weze atlledetihecetioyand the
whol e was allowed to stand for 24 hours. Thereafter,

ni ttrveyepr osltcd amwasd caheh ngdiatl 6006 forr A @S alc@ at
obtain an alum na support containing a phosphorus

120081 ger( PRRARNAIAIS AN H8/6 obtain catalyst F.
(0044]
Example 6

To 25.99 g of ion-exchanged water were added 10.35
g of cobaltous citrate, 25.99 g of molybdophosphoric acid,
and phosphoric acid (85% aqueous solution), followed by
heating to 80°C and stirring for 10 minutes to obtain a
scolution for impregnation. |

Into an eggplant type flask was introduced 30.0 g
of the phosphorus oxide-silica-alumina composite support
obtained in Example 6. The whole impregnating solution
was added thereto with a pipette and the support was
immersed in the solution at about 25°C for 3 hours.

Thereafter, the support was allowed to dry in a
nitrogen stream and then dried in a muffle furnace at
120°C for about 16 hours to obtain Catalyst G.

[0045]
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al um na weight ratio, 2/98; pore volune, 0.70 m/g;
specific surface area, 362 nR2/g; nean pore di aneter,
69A). To 20.3 g of ion-exchanged water were added 7.27
g of cobaltous citrate and 11.10 g of

nol ybdophosphoric acid, followed by heating to 80C
and stirring for 10 mnutes to obtain a solution for

E fggpation. Into an eggplant type flask was
XéIﬂ?roduced 30.0 g of the above al um na support

com a2 gheseberye, orids Tieuols Loy qnati

solutlon was

§3£€ ort was ipmersed in the solution at about 25C for
ca T s?tTﬁQPé%f?%¥ 2 theustipper Pofadnarvdiadricadry in

g .nitgggen strean1and then dried in a nmuffle furnace
1o L3095 Y {RIaBobt 2EEREUPE td 1obtidiah -Cathi 210 14 of

[ 0046] 44 Conparative Exanple 1 In 21.6 g of
Lonuprekpang etahat evaferddgisdoldyed o 3 o3 hprdfo sqdisst tc

carbonate, 11.41 g of nol ybdophosphoric acid, and
acipl 17 L 6Pr obhhophesphurEc therdugiys std rredl, uttiten dorve

i npregnation was prepared. Into an eggplant type flask
cy Mgy ra bduebdings Oowgre ohddey- dhemeta suppate (Wole was

volune, 0.69 m/g; specific surface area, 364 nR/g;
alhnwﬂﬂwﬁnEEtbm@efer,264m¢ur§he Theelea fitRpr, eghat iidbduct

solution was added thereto with a pipette and the
wasSURaf inawSa  NBBIIEGdM 4 e 180k UELOFpBLin an alumina
support containing a phosphorus oxide (phosphorus oxide/
alumina weight ratio, 2/98; pore volume, 0.70 ml/qg;
specific surface area, 362 nf/g; mean pore diameter, 694).

To 20.3 g of ion-exchanged water were added 7.27 g
of cobaltous citrate and 11.10 g of molybdophosphoric
acid, followed by heating to 80°C and stirring for 10
minutes to obtain a solution for impregnation.

Into an eggplant type flask was introduced 30.0 g
of the above alumina support containing a phosphorus
oxide. The whole impregnating solution was added thereto
with a pipette and the support was immersed in the
solution at about 25°C for 3 hours.

Thereafter, the suppori was allowed to dry in a

nitrogen stream and then dried in a muffle furnace at

120°C for about 16 hours to obtain Catalyst H.

[0046]
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about 25C for 1 hour. Thereafter, the support was
allowed to dry in a nitrogen stream subsequently
dried in a nuffle furnace at 120C for about 1 hour,
and then calcined at 500C for 4 hours to obtain
Catalyst a. [0047] Conparative Exanple 2 In 21.4 g of
i on- exchanged water were dissolved 7.69 g of

12.91 g of nol ybdophosphoric acid,

LtQus citrate,
coéﬁggf%ggeg%gﬁmgéﬁh&phosphoric acid. Thus, a solution
for ippregnati on_was prepared. Into an eggplant type
fl ask ggrﬁt?oaﬁcéan33¥g%6ngﬁﬁ ¥ared §ifLTa Sigssorted
ore volupe, 0.69 m/g; specific surface area, 364
3. %g/ g: oheSRCBs e Céiréﬁ@@%re,r 64441 Theo £ ol odophosphoric
inpregnating sol ution was added thereto with a 45
achipetbd and’t Heoduppdhonhesahmmisetcic. t HBhsol uti on
at about 25C for 1 hour. Thereafter, the support was
solrtéordfies drpreanatipnt megenprsigaand. subsequent |y
dried in a nuffle furnace at 120C for about 1 hour to
obt aiIntCatai yaygipl afi 004 Bhe Theashewbeak nproperckide s camnd g
physi cal properties of the catalysts obtained in the

of aboy-ealameishavppdr Tabberd. voThRenuahes af /apl whdenum

disulfide lam nating |layers was determned with a
sutfansnasshpn3elent /PN mean pore diameter, 64A). The
whole impregnating solution was added thereto with a
pipette and the support was immersed in the solution at
about 25°C for 1 hour.

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

[0047]
Comparative Example 2

In 21.4 g of ion-exchanged water were dissolved
7.69 g of cobaltous citrate, 12.91 g of molybdophosphoric
acid, and 1.46 g of orthophosphoric acid. Thus, a
solution for impregnation was prepared.

Into an eggplant type flask was introduced 30.0 g
of a y-alumina support (pore volume, 0.69 ml/g; specific

surface area, 364 nF/g; mean pore diameter, 64A). The

whole impregnating solution was added thereto with a
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m croscope (TEM (trade nane "JEM 2010" manuf act ured
by JEOL Ltd.) in the followi ng manner. 1) A catal yst
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 surrounding
gas was replaced with a m xture of H2S (5% by vol une)

1R 2 Fhepga ﬁ@é%ﬁ:t"‘@ﬁ . at,a rate of . 5C/ mn,
P l?A?ter fhe cat a%y temer%ﬁ%@e%seea%hle%a?b%c?dltlﬁeon at

catalys snﬂldfor 1 hour and then cooled to 200C
ab%ﬁ%eégt%e%l\@% elé?%sphere. Subsequent |y, the

surrayndi n as s replaced with_nitrogen and the

cat al Y&t st ’oo¥€%l fBBPS‘éﬁw Vafpérdfre 6 daiplidt &

. sul fidatjon. 2) TBe catal yst after sulfidation was
nitregeri SEHCPR/ SHPS§ALE Mot Aried iR s bk tForrate
the catal yst pul verized was 46 dispersed in acetone.

at 4)29He Feskdry Suspenstonokésidr 6ppedveit b .a
mcrogrid and dried at roomtenperature to obtain a
(0GPl e. 5) The sanple was set on the exanination part
of the TEM and exanmi ned at an accel erating vol tage of
200 Whe THemigatrnuemificat iod phgs208]0p@operties of
di aneters, and five fields of view were exam ned. 6)
th&arht phos 0gr apbawasdehhatped adovas atre r<ed i Table 1.
magni fi cation of 2,000,000 dianeters (size: 16.8

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

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

2) The catalyst after sulfidation was pulverized in

an adate mortar.

3) A small portion of the catalyst pulverized was
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cnxl 6.8 cn). The nunber of the nol ybdenum di sul fide
| am nated | ayers visually recogni zed on the photograph
was counted. Additionally, in order to calculate the S
value which is a measure of dispersibility of
phosphorus contained in the catalyst, EPMA |ine
anal ysis of the phosphorus atomis conducted from one
section of the catalyst to the
dlgggggggeqéugfgéénfhough the center under t he
foIIo us n a JXA- 82 tus
nanufacture % ﬁ%%ﬁﬁgLPHS EJos&hpl Spﬁgﬁg 4ﬁ%f§@ a
cat al s .enbedded in a MVA resin and a
n GBI BRI Bl 6 OF ch SRGH LT e PR b hecR by
cutting method, followed by carbon deposition on the
Salfrface. 47 2) Measuring conditions Acceleration
voltage: 15 kV Irradiated current: 1x10 ' A Nunber
of dat’/a:TsFammehyurad Patepvalhel2xpminkdg4es Hakiblce

13 48 t!>r ORr r Nm
the TEM and examined at an accelerating voltage of 200 kV.

The direct magnification was 200,000 diameters, and five
fields of view were examined.

6) Each photograph was enlarged so as to result in
a magnification of 2,000,000 diameters (size: 16.8
cmx16.8 cm). The number of the molybdenum disulfide
laminated layers visually recognized on the photograph
was counted.

Additionally, in order to calculate the S value
which is a measure of dispersibility of phosphorus
contained in the catalyst, EPMA line analysis of the
phosphorus atom is conducted from one surface of cross-
section of the catalyst to the opposite surface though
the center under the following conditions using a JXA-
8200 apparatus manufactured by JEOL Ltd.

1} Sample preparation

A catalyst sample was embedded in a MMA resin and a
smooth cross-section of the catalyst was obtained by a
cutting method, followed by carbon deposition on the

surface.
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2} Measuring conditions
Acceleration voltage: 15 kV

Irradiated current: 1x1077 A

Number of data: 250

Measured interval: 12 pum

[0049]

[Table 1]
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Using catalysts A to €, a, b, and E to H prepared
in the above Examples and Comparative Examples, a
straight-run gas oil having the properties shown below
was hydrotreated according to the following procedure.

First, the catalyst was packed into a high-pressure
flow-through type reactor to form a fixed-bed catalyst
layer. The catalyst was subjected to sulfidation as
pretreatment under the following conditions.

Subsequently, a fluid mixture cdnsisting of a
feedstock 0il and a hydrogen-containing gas heated to the
reaction temperature was introduced through an upper part
of the reactor tb allow a hydrotreating reaction to
proceed under the following conditions. A fluid mixture
of a product oil and gases was discharged through a lower
part of the reactor, and the product ocil was separated in
a gas/liquid separator.
[0051]
Sulfidation of Catalyst: Each catalyst was subjected to
liquid sulfidation with the feedstock oil.

Pressure (hydrogen partial pressure): 4.9 MPa

Atmosphere: Hydrogen and the feedstock oil (liguid
hourly space velocity, 1.5 hr™'; hydrogen/oil ratio, 200

m (normal) /k1)
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a(anmO) >r NcoV N<m(lI1 mmwlLL OSwwdw
~U00000Zzznz} [0050 [Hydrotreating
Reaction of Straight-Run Gas G l) Using catalysts Ato
C, a, b, and Eto Hprepared in the above Exanples
and Conparative Exanples, a straight-run gas oil

havi ng the properties shown bel ow was hydrotreated

. opert | Yo
accortlijge+ 9r hPE @hk%ﬁgtgpgﬁggg@gﬁg&% 2 T%ugh

catal yst was packed into a (o2

actor to forma fixed-hed catalyst.  layer. The
fe%%‘gg?égt g%gs atstutﬂoé)g]t &GRS TEN Hatd u%siz r?r'etyq’eé’étlr?é}]tat
under the follow n onditions. Subsequently, a fluid
2 TR%e u?% ggn 8%+ n@g%‘gl%g fEedS8Poeki®fI 24nhra and
hydr ogen-contai nin s heated to the reaction,
su % e aEu}I%Sa&éEgi ﬁgr ggﬁc&&*ﬁﬂ%ﬁ%%@r%r%-eﬁ
the reactor to allow a hydrotreating reaction to
35 ocddd undree the £919/6W ng conditions. A fluid
m xture of a product oil and gases was di scharged
[Oqfl‘%]ough a lower part of the reactor, and the product

oil was separated in a gas/liquid separator. [0051)
Hydyin§remtina BrachianySendiaéhnsdt al yst was subj ected

to
Reaction temperature: 350°C

Pressure (hydrogen partial pressure): 4.9 MPa

Liquid hourly space velocity: 1.5 hr’!

Hydrogen/oil ratic: 200 m®(normal)/kl
[0053]
Properties of Feedstock 0il;

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

Density (15/4°C): 0.8623

Distillation characteristics: Initial distillation
point of 186.G°C, 50% point of 316.0°C, 90% point of
355.5°C, end point of 371.5°C

Sulfur content: 1.74% by weight

Nitrogen content: 210 ppm by weight

Dynamic viscosity (@ 30°C): 7.026 cSt

Pour point: 0.0°C

Cloud point: 4.0°C

Cetane index: 55.4
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liquid sulfidation with the feedstock oil. Pressure
(hydrogen partial pressure): 4.9 MPa Atnosphere:
Hydrogen and the feedstock oil (liquid hourly space
velocity, 1.5 hr-1; hydrogen/oil ratio, 200
n8(normal )/ kl) 50 Tenperature: Introduction of
hydrogen and the feedstock oil at roomtenperature,
{Oggggf 22C, heating at a rate of 20C hr, hol ding at

for 24 hr, and subsequent heating to the
e of .20 hr

t t
S0 LETREL S Sink Beaes TSR g Sl
t 50C P hyd tial
o LFREBF o %hod VPa Ui aui @ hour |y space veloci ty: 1.5

hr-1 Hydrogen/oil ratio: 200 nB(nornaI)/kI [ 0053]
Prop&ﬁﬁeﬁﬁ%ﬁt¢%e@%¥o%Re(ﬁtedKﬁﬁd3ép ©i | andt pafghs-run
gas oil fromMddl e East crude Density (15/4C):
the¥ eedbep sENFI REPBRCENREACHER! Seres:ed rnd analyzed for
distillation point of 186.0C, 50% point of 316.0C,
Proapespbemt of 355.5C, end point of 371.5C Sul fur

content: 1.74% by wei ght
[1] Degree of Desulfurization (HDS) (%):

The proportion of sulfur content which has
disappeared from the feedstock oil through conversion of
sulfur content in the feedstock into hydrogen sulfide by
desulfurization reaction is defined as the degree of
desulfurization. The degree of desulfurization was
calculated from the analytical wvalues of sulfur content
for the feedstock o0il and product oil using the following
equation. These results are as shown in Table 2.

[2] Desulfurization Reaction Rate Constant (Ks)

The rate ceonstant of a reaction rate equation which
gives the 1.3rd order of reaction with respect to
decrease in sulfur content of the product oil (Sp) 1is
taken as the desulfurization reaction rate constant (Ks).

Also, the higher the reaction rate censtant, the
more excellent the catalytic activity. These results are
as shown in Table 2.

[0055]
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Ni trogen content: 210 ppm by weight Dynam c viscosity
(@30C): 7.026 cSt Pour point: 0.0C doud point: 4.0C
Cet ane index: 55.4 51 [0054] The results of the
reacti on were anal yzed by the follow ng nmethod. The
reactor was operated at 350C, and 6 days thereafter,
the product oil was sanpled and anal yzed for
prop j ] I f sul furi zat| (HDS ).
e orbsEse; b aPRditRnt ettt i cnt fa 3o /st P00
di sappeared fromthe feedstock oil through conversion
of sulfur content in the feedstock into hydrogen
sul fi esul furi zation reaction is defined as the
dogr T uEETH AP, ERRET o b e Sy deatrant
desul furjzation was al cul at fromthe anal ytica
val ue 16§'§L¥?hf(EBh%gﬁﬁ/(ﬁéﬂggﬁé(ﬁ@§&§tock oi | and
product oil using the followi ng equation. These
results are as shown in Table 2. [2] Desul furization
Reaction Rate Constant (Ks): The rate constant of a
r eact'TRSHF 3 5t &5 Bquati SRrwhPRRengi vas feeelst.Brkd adrldel® afy
reaction with respect to decrease in sulfur content
wepFhthe product oil (Sp) is taken as the

desul furization reaction rate constant (Ks).

Sp: sulfur content in product oil (% by weight)

LHSV: liquid hourly space velocity (hr™)

Specific desulfurization activity (%) = ((each
desulfurization reaction rate
constant) / (desulfurization reaction rate constant

of Catalyst a))x100

[0056]

[Table 2]
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Al so, the higher the reaction rate constant, the nore

excel lent the catalytic activity. These results are

as shown in Table 2. [0055] 52 Degree of

desul furization (%9 = [(Sf-Sp)/sf]xI00

Desul furization reaction rate constant = [1/0. 3] x [

1/ (Sp) '"3-1/ (Sf) '"3] x (LHSV) wherein Sf: sul fur
TagPAtent in feedstock oil (% by weight) Sp: sulfur

content in product oil (% by weight) LHSV: liquid

hourl y gpace vel octy (Readion (SRBEIdfE AigRgl Tur T 2al on
activity (% Fach—desturfur+zatt+onreacton—+ate
const ant)/( é'[ll f b@%mgn regaction ratle const ani Nitrogen
Catiadlsy st a3dntdM0 . Tadl e Rhte3 Ta Se%a Ctt{o?lﬂant
ten‘peratlé;(e 350C Hdesulfuripipnge of N trag t al
cont ent MdWecific tent| TRASEAN urlakcé't/!t!bf% )prﬂpm by
(99 const awkigatytivity ?@; (priom by weijght) wei ght )we|ght)

A 10 100 30.8 224 <1

B 8 100 33.1 241 <1

C 4 100 41.5 306 <1

a 97 99.4 13.7 100 22

b 15 999 27.3 200 <1

E 8 100 331 242 <

F 3 100 46.7 342 <1

G 2 100 51.9 380 <1

H 7 100 347 253 <1

[0057]

As is apparent from Table 2, ultra-deep
desulfurization of a gas o0il can be easily attained with
Catalysts A to C and E to H produced by the process of
the invention.

Moreover, as 1is apparent from the above results,
the catalysts of the invention have extremely excellent
activity for desulfurization and denitrification of a gas
0il in ultra-deep desulfurization region at hydrogen
partial pressure, reaction temperature, and the like
which are the same as those in the case of conventional
hydrotreatment of a gas oil.

[0058]
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A 10 100 30.8 224 <1 B 8 100 33.1 241 <1 C 4 100
41.5 306 <1 a 97 99.4 13.7 100 22 b 15 99.9 27.3 200
<1 E 8 100 33.1 242 <1 F 3 100 46.7 342 <1 G 2 100
51.9 380 <1 H 7 100 34.7 253 <1 [0057] As is
apparent from Table 2, ultra-deep desulfurization of
a gas oil can be easily attained with Catalysts Ato

oduced by_the praocess of_ the
m?ﬁ?@ﬁﬂ%ﬁ? ot TR oFeFREeRBbve
results the catal ysts of the invention have
extr eﬁir%jr?gegéiéﬁigﬁﬁzg ‘éct vi by for 28R MASeAtisdnitankhe
denitrifiiation of a gas o0il in ultra-deep

abQEs UFKEPPZ &S GRS SO TRt iR (EotRaP L pan t # af t prégRbreun

reaction tenperature, and the |like which are the sane
keL@sSeRBsBaVA Nthd hea e opre iddmreritiimlbe hywrez 5 eat nent
of a gas oil. [0058] 54 [Hydrotreating Reaction of
hydrebrghtefuacrerdsageltoUsihey foaltlawistes pPro®d@ea, and
b prepared in the above Exanpl es and Conparative
Exanffiessta sheacghalysh was packed into a high-pressure
flow-through type reactor to form a fixed-bed catalyst
layer. The catalyst was subjected to sulfidation as
pretreatment under the following conditions.
Subsequently, a fiuid mixture consisting of a
feedstock 0il and a hydrogen-containing gas 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 cil and gases was discharged through a lower
part of the reactor, and the product cil was separated in
a gas/liquid separator.
[0059]
Sulfidation of Catalyst: Each catalyst was subjected to
liquid sulfidation with the straight-run gas oil.
Pressure (hydrogen partial pressure): 4.9 MPa
Atmosphere: Hydrogen and the feedstock oil (liquid
hourly space velocity, 1.5 hr’!; hydrogen/oil ratio, 200

m> (normal) /k1)

Temperature: Introduction of hydrogen and the
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ker osene having the properties shown bel ow was
hydrotreated according to the foll ow ng procedure.
First, the catal yst was packed into a high-pressure
fl owthrough type reactor to forma fixed-bed catal yst
| ayer. The catal yst was subjected to sulfidation as
pretreatment under the follow ng conditions.
ent.l.y, .a fluid mxture consisting_of a ,
fe?égggt%ocl?tl%i P Carfd A& ﬁ%ﬁd?%egré%t%%’t aHAPIG ﬁagche%%%’%il%% at
th reactb t emperat.ure was introduced through an
& ESSSrOSa?p egFth O#gééﬁb@tt&OQPFoﬁpg Rydhetr edd ng
Su;eactiog ho toceﬁg) der the foll ow ng conditions. A
FRHCRT X PEPE 176 0 it RA 0 1OTariP RGBS CRAS s 1-° -
di schar ged throu%g a_lower part of the reactor, and
35Her roductabel ohad0%eparated in a gas/liquid
separator. [0059] = Sulfidation of Catalyst: Each
Hydgehrgat 1hds Reasitderedanslifiiiangd sul fidation with the
straight-run gas oil. Pressure (hydrogen parti al
presfiga)ticn Ot dPaer Atnosph@ie°C Hydr ogen and the
feedstock oil (liquid hourly space velocity, 1.5
hr - 1;Passirwogeni byfiregenopadalnBresesumel)): /XI5 MPa
Tenperature: Introduction of hydrogen and the 55
f eeddtignkidiboat iy ospatenpei atucg: ahouhr22C, heati ng
at a rate of 20C/ hr, holding at 300C for 24 hr, and
subseébnigdeaii hgréoid heeo eattiormnd BNpRr ature, i.e.,

Properties of Feedstock 0il:

Kind of o0il: straight-run kerosene from Middle East
crude

Density (15/4°C): 0.7945

Distillation characteristics: Initial distillation
point of 141°C, 50% point of 199°C, 90% point of 255°C,
end point of 280°C

Sulfur content: 0.25% by weight

Nitrogen content: 5 ppm by weight

Dynamic viscosity (€ 30°C): 1.398 ¢St
[0060]

The results of the reaction were analyzed by the
following method.

The reactor was operated at 310°C, and 6 days
thereafter, the product oil was sampled and analyzed for

properties.
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350C, at a rate of 20C/ hr Hydrotreating Reaction
Conditions: Reaction tenperature: 310C Pressure
(hydrogen partial pressure): 3.5 MPa Liquid hourly
space velocity: 3.0 hr-1 " Hydrogen/oil ratio: 60
n8(normal )/ kl Properties of Feedstock G |: Kind of
oil: straight-run kerosene from M ddl e East crude

ity ( @{4#%' 7945 Distil | on,characteristics:
[lﬁ)ﬁirﬂ)t%'lgté:leedi]os [ sa%f%lﬁrl%%%l?no{hﬁéhc,(°§O% poi nt of
199C, .90% poi nt .of 255C, _end point of 280C Sul fur
cont et Bg§§%55}Qﬂﬂ%ﬁnsu%#hq(ﬁﬁﬂ?%ﬁﬁﬂ@ﬁ&?hShﬁﬁn1by
.wei ght E¥ mc viscosity (@30C): 1.398 cSt [0060]
AiPREPFEIAR & TG (e [ 2 BCheP bl aRaTgREH Bynpkesion of
foll owi ng nmethod. The_reactor was operated at 310C
SUARYre CORFST G Het ddie eFeed ok otiuke brHiradsnssmpiféde by
and analyzed for properties. 56 [1] Degree of
deprd fufdEiatdonor qaqis)oq o)s deélmpedpost tha degsekf of
content which has disappeared fromthe feedstock oi
desil dugh zegawer.si dhofdegree of desulfurization was
calculated from the analytical values of sulfur content
for the feedstock oil and product oil using the following
equation. These results are as shown in Table 3.
[2] Desulfurization Reaction Rate Constant (Ks):

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

Also, the higher the reaction rate constant, the
more excellent the catalytic activity. These results are

as shown in Table 3.

[0061]

Degree of desulfurization (%) = [(Sf-Sp)/Sfix100

Desulfurization reaction rate constant =

[1/0.31x[1/ (Sp)?3-1/(Sf)° 3] x (LHSV)

wherein Sf: sulfur content in feedstock oil (% by

weight)
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sul fur content in the feedstock into hydrogen sulfide
by desulfurization reaction is defined as the degree
of desul furization. The degree of desul furization was
cal cul ated fromthe anal ytical val ues of sulfur
content for the feedstock oil and product oil using
the following equation. These results are as shown in

Tabl . [ [ | R i on. .\Ra Co
(ko) e PAFBEC SRR G b REY T ate Sues A

whi ch j,ves.the .1.3rd.order of reaction th respect
to d%gsgaszlﬁﬁlgupp&r%ﬁnﬁ&ﬁﬁecﬁe qﬁi?ﬁo@%%F)oil ( Sp)
is taken as the desulfurization reaction rate
constant (Ks). Also, the higher the reaction rate
constant, .the nore_excellent the catalytic activity.
TheseSPeSHFLS gpauLfugd zgiawmm iartiabite’ 3(%) goeljeach
Degree of desul furization (% _ [(Sf-Sp)/Sf]xI00
Desul feFaLr bRaEeapt repctdod gatstant = [1/0.3] x [1/
(Sp) '3-1/ (Sf) '"3] x (LHSV) wherein Sf: sulfur
cont epensharbedéddesklbulr igwtiyn weiagtitior5 7 e8p: subdtant
content in product oil (% by weight) LHSV: liquid
hour | ¢yf spatelyetogh § y10br-1) Specific desul furization
activity (%9 = ((each desulfurization reaction rate
[0g@6a%tant)/ (desul furization reaction rate constant

[Table 3]
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of Catalyst a))x100 [0062] [Table 3] 58 Table 3
Reaction tenperature 310C Sul fur Catal yst content
Degree of Rate Specific (ppm by desulfurization (%
constant activity (%9 weight) A9 99.6 4.2 140 B 8
99.7 4.4 147 C6 99.8 4.9 160 a 22 99.1 3.0 100 b
14 99.4 3.6 120 [0063] As is apparent from Table 3,

Taghghggrade desul furization can be easily attained
o for a kerosene with catalysts of the invention.

[0064] [Exanple 8 A u?ﬁggqﬂg%%é%&%%ﬁg Emorioignorl T

aci d werle—kneaded—ea

m xture mas&nhxtrjsion-nn!dea and then cal cijned at
Skl et 10 Rl P or R TR od seetfige
havi ng 4 dPafdyer | oflesulfurization (%) constant | activity (%)
weight)

A 9 996 42 140

B 8 99.7 4.4 147

C 4] 99.8 49 160

a 22 99.1 3.0 100

b 14 99.4 _ 38 120

{0063]

As is apparent from Table 3, high-grade
desulfurization can be easily attained also for a
keroséne with catalysts of the invention.

[0064]
Example 8

Alumina hydrate and orthophosphoric acid were
kneaded each other, and the resulting mixture was
extrusion-molded and then calcined at 600°C for 2 hours to
obtain a phosphorus oxide-alumina composite support in
the form of cylindrical moldings having a diameter of
1/16 inch (phosphorus oxide/alumina weight ratio, 3/97;
pore volume, 0.70 ml/g; specific surface area, 187 m?/g;
mean pore diameter, 984).

To 20.3 g of ion-exchanged water were added 9.3 g

of cobalt nitrate hexahydrate, 4.6 g of citric acid
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1/16 inch (phosphorus oxide/alum na weight ratio,
3/97; pore volune, 0.70 m/g; specific surface area,
187 nk/g; nean pore dianeter, 98A). To 20.3 g of

i on- exchanged water were added 9.3 g of cobalt
nitrate hexahydrate, 4.6 g of citric acid 59
nmonohydrate, and 12.0 g of ammoni um nol ybdat e,

follque by heat.] to 80C and, stirring for 10

mof P EEE ey nash Zgu Gt TYHETHPAGRO WS0F b ¢ olipbagred
30.0 g of the above phosphorus oxi de-al um na

by cbapbinge toufPort andTREikKoNe ifepr dghatimyesol uti on
was added thereto with a pipette and the support was
i mrer SEEP | #° t A8IBGPDE bHPat Tlassuassdritgrodidesrk). 0 g

Thereafter, the support was allowed to dry in a

of nkRe ogbAvat RbSFRECE Ugn @ xideaT adriteichd cempas fte $Swuppace.
at 120C for about 16 hours to obtain Catal yst D.

Th¢ 0ges]l e Coppacatibiagbsaripltd By Iwa2®m@led ofhereto with a
I on- exchanged water were dissolved 3.8 g of cobalt

pipatbenatd, tha. 4ugpof tmmagbdaplosphbrie @ed kol dntod. 5t
g of orthophosphoric acid. Thus, a solution for

abdprzgiatfon yasoprepared. Into an eggpl ant type fl ask
was i ntroduced 30.0 g of a y-alum na support (pore

vol unmherbattdy 9; tisPeshpb6rtSWbbage18iea, t84 R4S a
nmean pore dianeter, 98A). The whol e inpregnating
ni @ ¢ OALMBSpRddadahReratd Witk ® in a muffle furnace at
120°C for about 16 hours to obtain Catalyst D.
[0065] |
Comparative Example 3

In 20.3 g of ion-exchanged water were dissolved 3.8
g of cobalt carbonate, 13.4 g of molybdophosphoric acid,
and 1.5 g of orthophosphoric acid. Thus, a solution for
impregnation was prepared.

Into an eggplant type flask was introduced 30.0 g
of a y-alumina support (pore volume, 0.7 ml/g; specific
surface area, 187 m®/g; mean pore diameter, 98A). The
whole impregnating solution was added thereto with a
pipette and the support was immersed in the solution at
about 25°C for 1 hour.

Thereafter, the support was allowed to dry in a

nitrogen stream, subsequently dried in a muffle furnace

at 120°C for about 1 hour, and then calcined at 500°C for

60




pi pette and the support was imersed in the solution
at about 25C for 1 hour. Thereafter, the support was
allowed to dry in a nitrogen stream subsequently
dried in a nuffle furnace at 120C for about 1 hour,
and then cal cined at 500C for 60 4 hours to obtain
Catal yst c. [0066] The chem cal properties and

4 ggﬁ§|c%l @ngyﬁl alysts D and ¢ are shown in
Tabl e 4. The neagﬁ%é? frethods for TEM and EPMA are

[O@§6qent|oned above. [0067] [Table 4] 61 Cuy N ODNO
VC C cc Er coE0O OO0 EO NuUuO

The chemical properties and physical properties of
Catalysts D and c are shown in Table 4. The measuring
methods for TEM and EPMA are as mentioned above.

[0067]

[Takle 4]
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[0068]

[Hydrotreating Reaction of Vacuum Distillation Gas 0il]
Using catalysts D and c prepared in the abéve
Example 8 and Comparative Example 3, a vacuum
distillation gas oil having the properties shown below
was hydrotreated according to the following procedure.
First, the catalyst was packed into a high-pressure
flow-through type reactor to form a fixed-bed catalyst
layer. The catalyst was subjected to sulfidation as
pretreatment under the following conditions.
Subsequently, a fluid mixture consisting of a
feedstock 0il and a hydrogen-containing gas 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 o0il and gases was discharged through a lower
part of the reactor, and the product o0il was separated in
a gas/liquid separator.
{0069]
Sulfidation of Catalyst: Each catalyst was subjected to
liquid sulfidation with the feedstock oil.
Pressure (hydrogen partial pressure}): 4.9 MPa
Atmosphere: Hydrogen and the feedstock oil (liquid
hourly space velocity, 0.66 hr™'; hydrogen/oil ratio, 500

m? (normal) /k1)
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UL6 L6 O21 y C a CNsQdv/ L4 Ta -1 NIQUT
NMV RdOw rOUOOO0ONO FzZ2Z2Zv z [0068]

[ Hydrotreati ng Reaction of Vacuum Distillation Gas

G I] Using catalysts D and c prepared in the above
Exanpl e 8 and Conparative Exanple 3, a vacuum
distillation gas oil having the properties shown bel ow

d a rdln to th owi ng procedure.

Fi rsﬁ%ﬁééﬁg g?ys m58d5§8&88 |ﬁf%¥§HQQﬁ? e
rom#tErou h type reactor to forma fixed-bed cataly
TeedyerCkTRE Lcafalpsm WegPaistaticed AP Bl 47 Fat o taglg at

pretreatment under the foll ow ng conditions.
a @%%%e%@e%?fQ/h%rfhgl@lﬂgxﬁﬁr89@oﬁsf@rlhé bf, aand
feedstock oil and a hydrogen-containing gas heated to
Su@?ﬁﬁ”?%%c??@ﬁlpgnﬁér§¥Qr§aﬁ§$MQﬁrﬁﬁmnﬁﬁﬁﬁwwmwgh an,

upper part of the reactor to allow a hydrotreating
36¢°¢actdtorn toatpr ocked0Wder the fol l owing conditions. A
fluid mxture of a product oil and gases was
Hydisieheae geaoat Reaaghon Cowditiparst: of the reactor, and
the product oil was separated in
Reaction temperature: 360°C
Pressure (hydrogen partial pressure): 4.9 MPa
Liquid hourly space velocity: 0.66 hr!
Hydrogen/oil ratio: 500 m®(normal)/kl
Properties of Feedstock 0il:
Kind of oil: vacuum distillation gas oil from
Middle East crude
Density (15/4°C): 0.9185
Distillation characteristics: Initial distillation
point of 349.0°C, 50% point of 449.0°C, 90% point of
529.0°C, end point of 556.0°C
Sulfur content: 2.45% by weight
Nitrogen content: 650 ppm by weight
Dynamic viscosity (@ 30°C): 7.026 cSt
Pour point: 35°C Asphaltene: <1000 ppm
Aniline point: 82°C
[0070]

The results of the reaction were analyzed by the

following method.
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a gas/liquid separator. [0069] Sulfidation of

Catal yst: Each catal yst was subjected to Iliquid
sulfidation with the feedstock oil. Pressure (hydrogen
partial pressure): 4.9 MPa Atnosphere: Hydrogen and
the feedstock oil (liquid hourly space velocity, 0.66
hr-1; hydrogen/oil ratio, 500 nB(normal)/kl) 63

Tenper.at ur e: Lntroduction of hydrggen and t he

feedst 0Tk BAFERE PEEmMOPERSERst drie, Sedbbut 222Ce Wisats ng
at 290C for 15 hr, and

at rate . of 25C hr, hol din
th?ﬁﬁggﬁﬁéﬁt tﬁ‘eeatfﬁ?gcn’c%tt r"éag%t%‘hp%%ﬁpéﬁgt gpalveed. for
360C, .at a rate of 20C/ hr Hydrotreating Reaction
PreBRGFieSns: Reaction tenperature: 360C Pressure
[1ihédrogen partial pressure): 4.9 MPa Liquid hourly
p

gereel 6di Opsud. o rationydEyent dit ratio: 500
nm8(normal )/ kl Properties of Feedstock G l: Kind of
oi | : TrrRurpeRPstiPharfonuddsroiconfteorh widd éFast
~crude Density (15/4C): 0.9185 Distillation
dighppastedi Sricos thienifideglstic iddattitamugoi ddnvérsion of
349.0C, 50% point of 449.0'C, 90% poi nt of
sulfur content in the feedstock into hydrogen sulfide by
desulfurization reaction is defined as the degree of
desulfurization. The degree of desulfurization was
calculated from the analytical values of sulfur content
for the feedstock oil and product oil using the following
equation. These results are as shown in Table 5.
[2] Desulfurization Reaction Rate Constant (Ks):

The rate constant of a reaction rate equation which
gives the 1.5th order of reaction with respect to
decrease in sulfur content of the product oil (Sp) is
taken as the desulfurization reaction rate constant (Ks) .

Also, the higher the reaction rate constant, the
more excellent the catalytic activity. These results are
as shown in Table 5.

[0071]

Degree of desulfurization (%) = [(Sf-Sp)/Sf]Ix100

Desulfurization reaction rate constant =

2x[1/(Sp) % -1/ (SE£)y° °Ix (LHSV)
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529.0C, end point of 556.0C Sul fur content: 2.45% by
wei ght N trogen content: 650 ppm by wei ght Dynam c
viscosity (@30C): 7.026 cSt Pour point: 35C

Asphal t ene: <1000 ppm Aniline point: 82C [0070] The
results of the reaction were anal yzed by the

follow ng nmethod. 64 The reactor was operated at 360C,

and 6 days. thereafter, the product oil_ was sanpl ed
and a\”iﬂ?%?éa Egr Sﬁﬁ%blértqoé‘s’ferftl]”befgereéjes%c}( o1l {% by
Desul furization (HDS) (o) ! The proportion of sulfur

We&@ﬁfgént whi ch have di sappeared fromthe feedstock oil
t hrough conversion of sulfur content in the feedstock
into gl%lr dyefusurengenty indes@duat il of® rsacte bahis
defined as the degree of desulfurization. The degree
of deb@fYurizavidnhaasl vespeyleatwsd daidm t the-"ahal yti cal
val ues of sulfur content for the feedstock oil and
product oil using the follow ng equation. These
results are as shown in Table 5. [2] Desul furization
ReactSpacRate @osslantigKs)ionThe triatieycanst ant( efach
reaction rate equation which gives the 1.5th order of
reactdesu Whhizespest reactrdeer ease in sul fur content
of the product oil (Sp) is

constant) / (desulfurization reaction rate constant

of Catalyst ¢))x100

[0072]
[Table 5]
Table 5
Reaction temperature 360°C
Sulfur
Catalyst content Degree of Rate Specific
{ppm by desulfurization (%) constant activity (%)
weight)
D 540 97.8 4.9 165
c 1240 94.9 3.0 100
[0073]

As is apparent from Table 5, high-grade

desulfurization can be easily attained also for a vacuum
distillation gas oil with Catalyst D according to the
production process of the invention.

[0074]

As 1s apparent from the above results, the
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taken as the desulfurization reaction rate constant
(Ks). Also, the higher the reaction rate constant, the
nore excellent the catalytic activity. These results
are as shown in Table 5. [0071] Degree of

desul furization [(Sf-Sp)/Sf]xI 00 Desulfurization
reaction rate constant =

'S 1/(.Sf) 0.5 HS 65 _wh in Sf: | f
calVERE FY RUBdr O (o8 ty SRRTERE)Y SHECSLFOF
tent i dyct il (%b i ght LHSV: liquid
2cRSUHY Spdc Behidumdy ovenn ) Gl Fie fibsns 9| 24t por
ctivi ]tqy (Eoe_-ach desul furization reaction rate '
hY@Bﬂ%ﬁa Py Pddsditt idrRGesh haddeti brPFes el konstamet ion

Cat al yst c))xl OO [0072] Tabl e 5] Table 5 Reaction
te‘f‘%ﬁﬁ%%&ﬂf &r e 28360 Ehesdifkgr &} ke cloim eandens eehofe in

Rate Specific (ppm by desul furization (% constant
thacepget 9L gpnveaitghnp IDhYAY GG tnentl65f a2 hydrocarbon

oil.

Industrial Applicability
[0075]

According to the present invention, there is
provided a hydrotreating catalyst which can highly
desulfurize sulfur compounds in a hydrocarbon oil and can
simultaneously diminish nitrogen compounds without
necessitating severe operating conditions and which can
be produced in a simple and convenient manner. The
hydrotreating catalyst has extremely excellent activity
for desulfurization and denitrification of a hydrocarbon
oil in ultra-deep desulfurization region at hydrogen
partial pressure, reaction temperature, and the like
which are the same as those in the case of conventional
hydrotreatment of a hydrocarbon o0il. Moreover, according
to the invention, the above hydrotreating catalyst can be
produced simply and conventionally. Furthermore, there
is also provided a method for hydrotreating a hydrocarbon

oil, which can diminish sulfur compounds and nitrogen
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c 1240 94.9 3.0 100 [0073] As is apparent from Tabl e
5, high-grade desulfurization can be easily attained
al so for a vacuum distillation gas oil with Catalyst
D according to the production process of the

i nvention. [0074] As is apparent fromthe. above
results, the 66 catalysts of the invention have

I t t d | f t d
R R O S e L CE
caba ehEarB PR e S e caRbroFiag

nventi onal hydrotreatnent of a hydrocarbon oil

COP%&E%PPM Applicability [0075] According to the
present invention, there is provided a hydrotreating
catal yst which can highly desulfurize sulfur
compounds in a hydrocarbon oil and can sinultaneously
di m ni sh nitrogen conpounds w thout necessitating
severe operating conditions and which can be produced
in a sinple and conveni ent manner. The hydrotreating
catal yst has extrenely excellent activity for
desul furization and denitrification of a hydrocarbon
oil in ultra-deep desulfurization region at hydrogen
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partial pressure, reaction tenperature, and the |ike
whi ch are the sane as those in the case of

conventional hydrotreatnment of a hydrocarbon oil
Moreover, according to the invention, the above
hydrotreating catal yst can be produced sinply and
conventionally. Furthernore, there 1is also provided a

nmet hod for hydrotreating(ﬁugydrocarbon oi |, which can
di m ni sh sul fur conpounds aném%itrogen 67 conpounds

than before using the above hydrotreating catalyst
W t hout necessitating severe operating conditions. 68

d aiqﬁh i% A aialgs% foL g¥drotreating a hydrocarbon
oi |, Whi %%ﬁ% YSbsi8h PHErGamEe tdRide é\y;%mqarbon oil,
n$0 taining a_ phosphorus oxide in an amount of 15% by
WM ghPTBF 1FESs 20n 1 NOFYAREST £2698 HlRRAHor corbalihand ng
provi ded thereon: at |east one selected fromnetals in
PhofRheFBEpCBigE ithenpamiosditc afabls® iby arelghountr ofess on
from10 to 40% by weight, at |east one selected from
theebasssi aft hheGeoppog tofand frevierd qdicor tddad et hareon ;
amount of from1l to 15% by weight, and carbon in an
anouritt ofedsiomize t oeldéb by Aebghhetalsi Ant @hws GAfoup 6 of
respective oxides on the basis of the catalyst,
the periodic table in an amount of from 10 to 40% by
weight,
at least one selected from metals in the Group 8 of
the periodic table in an amount of from 1 to 15% by
welght, and
carbon in an amount of from 2 to 14% by weight,
in terms of respective oxides on the basis of the
catalyst,
wherein the catalyst has a specific surface area of

from 100 to 400 m®/g, a pore volume of from 0.2 to 0.6

ml/g, and a mean pore diameter of from 50 to 200A.

2. The catalyst for a hydrotreating hydrocarbon
o0ll according to claim 1, wherein a ratio by weight
between the metal in the Group 8 of the periodic table
and the metal in the Group 6 of the periodic table as a
value of [metal in the Group 8]/[ (metal in the Group 8) +

(metal in the Group 6)] is from 0.1 to 0.25 in terms of
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wherein the catal yst has a specific surface area of
from 100 to 400 n2/g, a pore volune of from0.2 to 0.6
m /g, and a nmean pore dianeter of fromb50 to 200A. 2.
The catal yst for a hydrotreati ng hydrocarbon oi
according to claim1, wherein a ratio by weight
between the netal in the Goup 8 of the periodic table
re%B%c hl%erretxa,ldi n the Goup 6 of the periodic table as
PSarue ot J[rf-%ﬁ'al in the Goup 8]/[(netal in the
Goup 8 + (nmetal inthe Goup 6)] is from0.1 to
0.25 in terns of 69 respective oxides. 3. The catal yst

for hydrotreating a hydrocarbon oil according to
cIaiWIf'or?ﬂe\ﬂéi%ﬁﬂﬁtmﬁ%% hydraereahingseshydroherbon
.crossw se direction of cross-section through the
0ldeArEPrEdingg tan dizdst rlorP probevhere banavhsnsa [ ERKMA)
apparatus, a phosphorus atomdistribution satisfies
angh¥siel Lowithg equstsvWorsg IJirection of cross-section
S=exp( 0. 04xl ave. +0. 013x!| max- 0. 014xI m n)<5.0 (1)
thwhepsi rhempenits ra usexignam vl eret ofn t hreceasle edamal yeis
of the concentration of the phosphorus atom by EPMA
(EPMAE appalysis, lampholsphid rd i atwm Vad sher Dhut hen
measured val ue of the concentration of the phosphorus

saatemi by ERMAfbinewiagalasia:iand(lave is an average
val ue of the neasured value of the concentrati on of

t he phosphorus atom by EPMA line analysis. 4. A
process for producing the catal yst for

S=exp (0.04xIave.+0.013xImax-0.014xImin)<5.0 {1)

wherein Imax is a maximum value of the measured value of
the concentration of the phosphorus atom by EPMA line
analysis, Imin is a minimum value of the measured value
of the concentration of the phosphorus atom by EPMA line
analysis, and Iave is an average value of the measured
value of the concentration of the phosphorus atom by EPMA

line analysis.

4. A process for producing the catalyst for
hydrotreating a hydrocarbon oil according to any one of
claims 1 to 3, which comprises supporting a metal in the
Group 6 of the periodic table so as to be at from 10 to
40% by weight, a metal in the Group 8 of the periodic

table so as to be at from 1 to 15% by weight in terms of
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hydrotreati ng a hydrocarbon oil according to any one
of clains 1 to 3, which conprises supporting a netal
inthe Goup 6 of the periodic table so as to be at
from10 to 40% by weight, a netal in the Goup 8 of
the periodic table so as to be at from1 to 15% by

weight in ternms of 70 respective oxides, and carbon so
asi s, of

- fram 2t % by wei ght on the
re?ﬁg&‘géf}gl %(tl,de%éi %él dg “ESol Ut ioh sgntf%iotﬁ? ngt aPE%‘Prp%uFB
[ at._least.one s ted fromnetals, in the
14%}0%334’“5&%3 R O3 bares o Fhe ¢ i CBHEGI Ri ng
t, least one.selected fromnetals in the Goup 6 of
so P61 §Rr FORIE 1PaBLe? SREPZING GAHG Mol abnlemst one
| NO ni_c oxi de support containing a phosphorus oxide
seLgChE8, By oflemtie oy e orCTHEP biis Pg (e e Sapior ttable,
whi ch has a specific surface area of from230 to 500
a ¢ppRPuRdpePBtesnine of fleamto me selaned), from matals
. nmean pore dianeter of from40 to 180A, followed by
in k5% ngravPr 200C dihd averiodic Thebpeocess far oprgediici ng-id,
the catalyst for hydrotreating a hydrocarbon oi
on ggtorte hgarbcchiidedsuppbeteiconithe rabay e ipterga s
oxi de support containing a phosphorus oxide is
ox ipteepalr €S bHyba kaegHitngrmetbed oof theneadiing & strrting
mat eri al of the inorganic oxide support and a
supgtaart ivigi clateasak spetheiphesphioces d09f Grolh®30 to
process for producing the catal yst for
500 m®*/g, a pore volume of from 0.5 to 1 ml/g, and an mean

pore diameter of from 40 to 180A, followed by drying at

200°C or lower.

5. The process for producing the catalyst for
hydrotreating a hydrocarbon o0il according to claim 4,
wherein the above inorganic oxide support containing a
phosphorus oxide is prepared by a kneading method of
kneading a starting material of the inorganic oxide

support and a starting material of the phosphorus oxide.

6. The process for producing the catalyst for
hydrotreating a hydrocarbon oil according to claim 4 or 5,
wherein the above inorganic oxide support containing a
phosphorus oxide is prepared by calcining at from 400°C to

700°C for from 0.5 to 10 hours.
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hydrotreati ng a hydrocarbon oil according to claim4
or 5, wherein the above inorganic oxide support
contai ning a phosphorus oxide is prepared by
calcining at from400C to 700C for fromO0.5 to 10
hours. 71 7. A method for hydrotreating a hydrocarbon

oil, wherein a catalytic reaction is carried out at a

hydr ogen 2PRL f from0.7 to 8 MP

tenpe?atureﬁo%he¥%o %@d?g if@élQ¥I?cﬁNQF% qb?n oil,
of from 0.3 1t0 10 hr-' in the presence

|
whg %%%eviéggi t*?nreﬁﬁ&ﬁQﬂr%%t?%ﬁrheﬁyaPBCﬁFbénhaﬂFOQGH

%cordln to any one of clains 1 to 3. 72
partial ssure of from 0.7 to 8 MPa, a temperature of

from 220 to 420°C, a liquid hourly space velocity of from
0.3 to 10 hr™' in the presence of the catalyst for
hydrotreating a hydrocarbon o0il according to any one of

claims 1 to 3.
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