07 JUL 2005 DESCRI PTI ON CATALYST FOR HYDROTREATI NG GAS O L; ﬁgiﬁgEEﬁﬁﬁ
PRODUCI NG THE SAME, AND METHOD FOR HYDROTREATI NG GAS O L FIELD

| NVENTI ON The present invention relates to a catalyst for hydrotreating
gas oil, a process for producing the catalyst, and a nethod of
hydrotreating gas oil with the catalyst. WMre particularly, the present

I nvention relates to a catalyst having such excellent activity in the
hydrotreating of a gas oil that it can reduce sulfur conponents and
-nitrogen conponents contained in the gas oil to a level |ower than those
attained with this kind of catabygsterpetefofore in use, and to a process
for producing the catalyst, and a nethod for hydrotreating gas oil wth
this catal yst. BACKGROUND ART Recently, there is a global trend toward
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I s desired because tRBOGEES EOReBRODUOENGt'THE sEAMB} AMDponents contained in
gas oils may adverselys %y l#qﬁi qﬁg fter-treatnent
t echnol ogi es expected to be ef egilve or exhah;sﬁts0 rol, -1 ----------

FIELD OF THE INVENTION

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

this catalyst.

BACKGROUND ART

Recently, there is a global trend toward stricter
quality regulation values for gas oils so as to improve
‘atmospheric - enyironments; In particular, & ~sulfur
reduction in gas o0ils is desired because there is a fear
that the sulfur comporents contained in gas oils may' -
adversely influence the durability of after-treatment

technologies expected to be effective for exhaust control,




0 7 JUL 2005 such as oxidation catalysts, nitrogen oxide (NO).r dgﬁiiﬁﬂﬁ‘
catal ysts, and continuous-regeneration type catalyzed diesel par¥i L
filters for renoving particulate matter from di esel exhausts. Under these
ci rcunst ances, develop of a technique of ultra-deep desul furization for
renovi ng nost- of the sulfur conponents in a gas oil is being focused. A
possi bl e techni que generally usable for reducing the sulfur conponents of

a gas oil is to use severer operating conditions for hydrodesul furization
with respect to, e.g., reaction tenperature and |iquid hourly space

vel oci tySUE‘HVVﬁ%eE)x:I.Hﬁg:LBB @Qtﬁhﬁa%e%&@% bﬁno'i-:?.@ﬂéer %xbU?] drﬁéﬁé{:'léﬁ in

II'TpI’ egnation of a car bonaceous tter on t cat al yst a ence 1n a rapl d

decreasechRatgbebyti Gndict beshwnusnstfsg@ﬁ@ﬁatbaﬂd g Of carhpypegd |iquid
hourly space velocity results in a reducCed purificati'on efficiency

al t houghdetkett pyetikudihel Findexshifierdearaty pirdesulitei satton, making
It necessary to enlarge the scale of the hydrotreater. Consequently, the
best wayfebmatiiasaingxhhastktira- deep desul furization of a gas oil without
usi ng severer operating conditions is to develop a catal yst having
excel | ent desul fundeat ithresactdifduynsddmged nvasveapi ofs ar eeckobgtéy bei ng
made on various subjects such as the kinds of active netals, nethods of
~active- nefal ul bpredeepi ciesilfpnoieathons §6r removing most of the

sulfur components in a gas o©il is being focused. A
possible technique generally usable for reducing the sulfur
components ©of a gas o0il is to use severer operating
conditiqns for hydrodesulfurization with respect to, e.g.,
reaction temperature and liquid hourly space velocity.

However, use of an elevated reéction temperature
results in imprégnation of a carbonaceocus matter on the
catalyst and hence in a rapid decrease in catalytic
activity. On the other hand, use of a lowered 1liquid
hourly space velocity results in a reduced purification
efficiency although effective in attaining a higher degree
of desulfurization, making it necessary to enlarge the
scale of the hydrotreater.

Consequently, the best way of attaining the ultra-
deep desﬁlfurization of a gas oil without using severer

operating conditions is to develop a catalyst having
excellent desulfurization activity. ) )

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

methods of active-metal impregnation, improvements of




- 2 01 JU 2005 catalyst supports, regulation of catalyst. poreo 7JULZ(IJ§
structures, and activation nethods, and novel catalysts for deep
desul furi zati on devel oped have been reported. For exanple, JP-A-61-114737 -
di scl oses a nethod which conprises inpregnating an alumna or silica
support wth a solution which contains an organi c conpound having a
nitrogen-containing ligand as a conpl exi ng agent and further contains an
active netal, followed by drying at 200C or |ower. Japanese Patent No.
2,900, 771 discloses. a nethod which conprises inpregnating a y-alunina
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simply rBégﬁigﬁrigaéion"&EGHEoﬁeﬂehﬁbé)be@ﬁer§8§QQ8[iC acid, followed by
drying at 200C or |ower. Japanese Patent No. 2,832,033 discloses a nethod

whi ch conprises rgpregRanpg, 8 SHPROGL-W L3R SQLEELO8es COFPrhetREd A
conpound of a Group 6 netal, a phosphorus conponent, a conpound of a G oup

8 - et al wAli@hcidonipt ideisd, impsediat ey papcadamdhat ke psEBEFY  sappditon,
followed by burning wthout drying. JP-A-4-156948 discl oses a nethod -
whi ch cowpthses spiptégnawhnghacenppadnt bavbmgapiovedmagound having a
| nitrogen-containing 1ligand as a complexing agent and
further contains an active metal, followed by drying at
200°C or lower. |
.Japanese Patent No. 2,900,771 discloses. a- method
which comprises impregnating a y-alumina support with an
impregnating solution obtained by adding diol or ether to a
solution containing a compound of a metal in the Group 8 of
the periodic table (hereinafter simply referred to as
"Group 8 metal"), a compound of a metal in the Group 6 of
the periodic table (hereinafter simply referred to as
"Group 6 metal"), and phosphoric acid, followed by drying
at 200°C or lower.
| Japanese Patent No. 2,832,033 discloses a method
which comprises impregnating a support with a solution
comprising a compound of a Group 6 metal, a phosphorus
- component, a compound of a Group 8 -metal and citric acid, -
as in the process of the present invention, followed by
burning without drying. JP-A-4-156948 discloses a method

which comprises impregnating a support having provided

thereon a compound of a Group 6 metal, a phosphorus




“thereon a conmpound of a Group 6 netal, a phosphorus 3 O'?'JUL'ZB%S*J
conponent and a conpound of a G oup 8 netal with a solution conta iﬁﬁLguE
speci fic amount of an organic acid, followed by drying at a tenperature of
200C or lower. Furthernore, JP-A-4-244238 discloses a nmethod which
conprises depositing a solution conprising a conpound of a Goup 6 netal,
a conpound of a Goup 8 netal, and a phosphoric acid on an oxi de support,
drying this support at 200C or lower to obtain a catal yst, depositing a
solution of an organic acid represented by a specific chem cal formula on

the catapys ngﬂq EHB”adEthguBHeo%a%ab¥§hBah méggﬁgﬁithoﬁeéo}ﬁﬁibge ot her

hand, propo have been e al so on rocess r catal yst production

in whichgi i { {4 L CaCig i sanduc t WieG§:
exanpl e, cggm%\ggag 9%258 |(§le %é;egﬁg&ﬂrr{ét ﬁgd a\?%l‘%% cf)gjrrpér(?g%’swlfﬁg%ggggti ng an

oxi de supROgkyWinghat 20kEhbeRatGPEPHIESRRY @ AN, of a Group 6 netal, a
conpound of a~ Goup 8 netal, organic acid and phosphoric acid, followed

by drying at 200€uethkeBre!l 0gpbhainnzas03Ballystiossd af Methen wAREggnati ng
the catalyst with a solution of organic acid, followed by drying at 200C

or | ower cotiBrAses3 Hbposidiise esasolutahnesmer i9ing ad atymboupd odachi on
whi ch conprises inpregnating an inorgani c oxide support with a conpound of
- a Gouprdupet 6l mmichl, a compound of a Group 8 metal, and a
phosphoric acid on an oxide support, drying this support at
200°C or lower to obtain a catalyst, depositing a solution
of an organic acid represented by a specific chemicai
formula. on the catalyst, and then drying the catalyst at
200°C or lower.

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

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

- further impregnating the catalyst with a solution of
.organic acid, followed by drying at 200°C or lower.

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

support with a compound of- a Group 8 metal and

heteropolyacid of a Group 6 metal, followed by drying.




het eropol yacid of a Goup 6 netal, followed by drying. - 4 0 7 J

L 9005 . -
Mor eover, JP-A-1-228552 discloses a process for catal yst productigﬁ iﬁ#iﬂﬁ :

conprises inpregnating an oxide support with a solution conprising

nol ybdenum tungsten, a conpound of a Group 8 netal, nercaptocarboxylic

acid and phosphoric acid. This process is mainly intended to forma

coordinati on conpound of the nercaptocarboxylic acid with

tungsten, and the Group 8 netal conpound and to highly disperse the

produced by the
hi ghly di sperse

coordi nati on conpound on the catalyst support. However, in the catalyst
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are especially effective as active sites for desul furization
(i.e., agbipBunlt &F Ohf ¢ebap! Prmbtake! neaeaRdcArbbRe1iedaasiOf ahle second
and overlying |ayers of nolybdenum disulfide; Type | sites nean the active
~sites of ppebphbroe awtiakel |ocated at the edges of the -first |ayer of
nol ybdenum di sul fi de, and have lower activity than the Type |1 sites).

This process 1is mainly intended +to form a
coordination compound of the mercaptocarboxylic acid with
molybdenum, tungsten, and the Group 8 metal compound and to
highly disperse the coordination compound on the catalyst
support.

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

II sites). .

In addition, there is a possibility that when the

mercaptocarboxylic acid, which contains sulfur, is present

nol ybdenum




In addition, there is a possibility that when the nercaptocarboxgli&-a%&g,
whi ch contains sulfur, is present 5 0 7 JUL 2005 around the G Jb Bt
metal (cobalt or nickel) or forma coordination conpound, then the sul fur
contained in the acid mght give not desulfurization-active sites (CoMS
phase or N MoS phase) but Co9S8 or N 3S2, which are inactive fornms of
cobalt and nickel. The processes for catal yst production described above
“have drawbacks that sone of these necessitate conplicated steps and that
sone of the catalysts obtained are unsuitable for use in the ultra-deep
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desul furrzati'on range, and others havé a s t ccordingly, at the
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obtai ning a catalyst _ s hig esulfurization activity and a
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which the ultra-deep desulfurization of a gas oil can be realized by a

sinpl e mphbad Wrl RQWosUPhag el HRIEICRBEAE INILS, Fomei ¢h 0Oafe DhaSLORYRE OF
THE | NVENTI ON An obj ect of the present invention is to provide a
hydr at r egbirhg ot aloypaltwahl whikBla gas oil can be exceedingly highly

desul furi zed-and sinul taneously denitrified in a sinple manner w thout
~necessitating serhee processes for catalyst production described
above have drawbacks that some of these necessitate
complicated steps and that some of the cétalysts obtained
.are unsuitable for use in the ultra-deep desulfurization of
a4 gas o0il, some have a low efficiency in the ultra-deep
desulfurization range, and others have a short life.
Accordingly, at the present, there is a desire for the
development of a technology for obtaining a catalyst which
has higher desulfurization activity and a longer life than
desulfurization catalysts heretofore in use and with which
the ultra-deep desulfurization of a gas oil can be realized
by a simple method without using severer operating

conditions.

DISCL.OSURE OF THE INVENTION

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

producing the catalyst.




operating conditions, and to provide a process for producing the-sqga!é@g.
- 6 0 iJUL 2005 Another object of the present invention is to pr% 1 0e"

met hod for highly efficiently hydrotreating a gas oil fraction with the
catal yst. The present invention relates to a catalyst for hydrotreating
gas oil, which conprises an inorganic oxide support having provided
thereon: at |east one selected from netals in the Goup 6 of the periodic
table at from10 to 30% by wei ght, at |east one selected fromnetals in

‘the Goup 8 of the periodic table at from1l to 15% by wei ght, phosphorus

f . 6% b ' d f 2. %.b i ght, h
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at al yst . R f 20_t /g,
vol umy oPPRafeoaBEEho] BB REAnThaBeRlal LRELE RubloliRalthd = GAELC,,

from 65 Bng?I?ﬁtfaﬁtQF£HD£ﬁﬁh%§ﬁagg§§?nt i nvention relates to a process

for producing e catalyst, nprises providing a netal in the G oup

6 of the periodignsabl.eddnt f5R0LAL16R e edeighta 2 ABEGL Nedhe G oup
8 of the periodic t§£le 5% from1 %o 15% yfaeight,aphggghgrus at from

1.5 to 6fghyowekablingar@sCaPON @hiékh OBbApk9séd%y in®hgHtic egkiudn terns

of a-respective oxide anount based-on the catalyst, ont'0 an inorganic

oxi de suppppbrbalia®ing provided thereon: at least one selected from
metals in the Group 6 of the periodic table at from 10 to
30% by weight, at least one selected from metals in the
Group 8 of the periodic table at from 1 to 15% by weight,
phosphorus at from 1.5 to 6% by weight, and carbon at from
2 to 14% by weight, each in terms of a respective oxide
amount based on the catalyst, wherein the catalyst has a
specific surface area of from 220 to 300 m*/g, a pore
volume of from 0.35 to 0.6 ml/g, and an average pore
diameter of about from 65 to 95 A.

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

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

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




~specific surface area of from270 to 500 n2/g, a pore vol ume of fronmozag

to 0.9 m/g, and an average pore dianmeter of from®60 to 120 A, ugﬂhéuh
solution conmprising _ 7 _ 0 7 J UL 2005 the netal in the Goup 8 of the
periodic table, the nmetal in the Goup 6 of the periodic table, organic

acid, and phosphoric acid, followed by drying at a tenperature of 200C or

| ower.. Moreover, the present invention relates to a method for
hydrotreating gas oil, which conprises subjecting a gas oil fraction to a
catalytic reaction in the presence of the catalyst under conditions at a

hyd : i_al f f t.o 8 MPa, t t u f 300 t
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BEST MODEgheR SARRY,G, OUT THE | NVENTI ON The present inventors nade
i ntensive investigations in order to acconplish those objects. As a

resul't, it has heeaolesndthBapreleRtanniBAtYBAI cc?itde $HPROMELHhSA
inpregnated with a solution containing a conpound of a Goup 6 netal, a

- conpound fofr aydrowiredtiklgalgasodani ¢hdehd comprises subjecting a gas

'0il fraction to a catalytic reaction in the presence of the
catalyst under conditions at a hydrogen partial pressure of
from 3 to 8 MPa, a temperature of from 300 to 420°C, and a

ligquid hourly space velocity of from 0.3 to 5 hrl.

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

the present invention and comparative Catalyst a.

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

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




and phosphoric acid to inpregnate these conponents thereon in given:... .
anopunts and dried at a tenperature of 200C or _ 8 07JUL2005 | oldr JUk RER
hi ghly active desul furization sites (e.g., CoMS phase, N MS phase, etc.)
can be precisely regulated wthout yielding inactive fornms of cobalt or
nickel. As a result, a high-performance desul furization catal yst can be
obt ai ned which facilitates a ultra-deep desul furization reaction wthout
usi ng severer reaction conditions because the desulfurization reaction and
a denitrification reaction proceed efficiently with the catalyst. The
catal yst .of the present ,invention is suitable  for hydrotreating a gas oi

fracti on JOWaY ras terai QREhAEn aghivei |desaliusizatbloy &id@sed Gad-oil
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Exanpl es of the alum na can be used Tn various al-um nas such as
a- al um ngedd A Mehove 2h¥ihfaseverer reaction conditions because
the desulfurization reaction and a denitrification reaction
proceed efficiently with the catalyst.

The catalyst of the present invention is suitable
for hydrotreating a gas oil fraction such as straight-run
gas o0il, catalytically cracked gas oil, thermally cracked
gas o0il, hydrotreated gas o0il, desulfurized gas oil, wvacuum
distillation gas oil (VGO) and the like.

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

The inorganic oxide support used in the catalyst of
the present invention may be alumina alone. It is, however,

preferred to use a composite oxide containing alumina as
. the main component in orxder to further improve
desulfurization activity.

Examples of the alumina Wwhich can be used include
various aluminas such as-a—alumin;, p-alumina, fy-alumina,
0-~alumina, alumina hydrates and the 1like. - However, an
alumina which is porous and has a large specific surface

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




8-alum na, alum na hydrates and the |ike. However, an alum na whi.ch:
porous and.has a large specific surface area is preferred. In paﬂﬂ|@W+am5
y-alumina i-s suitable. 9 _ p7 JUL 2005 Alum nas having a purity of
general |y about 98% by wei ght or higher, preferably about 99% by wei ght or
hi gher, are preferable. Exanples of inpurities contained in alum nas

i nclude S042', O -, Fe203, Na20 and the like. The |ower the content of
these inpurities, the nore preferable the alumina is. The total content of
all inmpurities is preferably 2% by weight or lower, nore preferably 1% by

ht | h tent af ' f | fol
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advant ageous i n EQéﬂkﬂgszeg‘F“atiﬂkﬂ&f&’ﬁéé OEoHPEXHQS“U dﬂhﬂix@'&s Arrong

t hese oxi de conponen ites have an average part aneter as
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aperture, 30 gm dl frasonic treatnént, 3 mnutes) of about from2 5 to 6

content of these impurities, the more preferable the

alumina is. The total content of all impurities is
preferably 2% by weight or lower, more preferably 1% by
weight or 1lower. The content of each impufity is
preferably as follows. The content of 8§0,” is preferably
'iower than 1.5% by weight, and that ofreach of Cl°, Fe,0,
and Na,0 is preferably lower than 0.1% by weight.

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

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

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

- 10 -



m preferably about from3 to 5 m and nore preferably about froan?,"ﬁozé-ls
m In-.the zeolites, the proportion of particles having a partic d Jub
dianeter-of 6 mor smaller is generally about from70 to 98% preferably
about from75 to - 10 O 7 JUL zoos 98% nore preferably about from80 to
98% based on all zeolites particles. Such properties of zeolites are
advant ageous for precisely regulating the pore dianmeter so that substances
which are difficult to desulfurize can easily diffuse into the pores. For
exanpl e, when a zeolite having too |large an average particle dianeter or

too high-g,content of coar parti.cles 1sused f pr rin osite
oxi de sup(%;o%f't , MOotfe Pgle&ﬁirﬁgiﬁyaqﬁjacf%t (%% ,§§ S?%cgéébrﬁggﬁg '??112 %g‘glpi te
show di f ferent rees. of shrinkage during heating and calcining due to a
differ enczeéﬁl%egﬁeiégtdls%ep% on or crystallinity between the al um na

hydrate (al um na o eyt saLk. 800 e 28011 Les 20! v dliSedss Ok

a
conposi te oxi de suppor ving relativ arge pores, 1.€., neso- or

macr opor r ‘ (0] n e r | so
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_ : I ¢ conponents unctioning as a catalyst poison to readily
di ffuse iydfentHLePQiLEibNISUEH deSaseuibaé thR eabalysHiFFudeednher the

treatment of bottons. Such | arge pores hence tend to result in a catal yst
deacti vatiien poréesuldol iesainiple, wihem tar izidodditieohavdnd €obackiarge an
| average particle diameter or too high a content of coarse
particles is used for preparing a composite oxide support,
the alumina hydrate (alumina precursor) and the =zeolite
show different degrees of shrinkage during heating and
calcining due to a difference in water adsorption or
crystallinity between the alumina hydrate (alumina
precursor) and the zeolite and this tends to give a
composite oxide support having relatively large pores, i.e.,
meso- oOr macropores. The large pores not only reduce the
surface area but also enable metallic components
functioning as a catalyst poison to readily diffuse into
~the pores in such a case that the catalyst is used for the
£reatment of bottoms. Such large pores hence tend to
result in a catalyst deactivation in desulfurization,
denitrification, and cracking.
- Preferred examples of zeolites suitable for use asr
components of a ;omposite with an alumina in the present
ha invention include faujasite ZX-type zeolite, faujasite Y-
type =zeolite, P zeolite, mordenite =zeolite, ZSM-series

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

- 11 -




Preferred exanpl es of zeolites suitable for use as conponents of a .
conposite with an ‘alumina in the present invention include fauj a@ﬂt’ém- m
X-type zeolite, faujasite Y- type zeolite, zeolite, nordenite zeolite,
ZSM series zeolites (ZSM4, 5, 8, 11, 12, 20, 21, 23, 34, 35, 38, 46, -
11 0 7 JUL 2005 etc.), MM 41, MM 22, MCM 48, SSZ-33, UTD-1, CIT-5,

VPI -5, TS-1, TS-2 and the |like. Especially preferred are Y-type zeolite,
stabilized Y-type zeolite and zeolite. Furthernore, proton type zeolites
are preferred. As the boria, silica and zirconia can be used ones

oot tes £t !°¥ﬂ%§ﬁ—ﬁﬁciﬂ§ﬁ85%f§ﬂ§ﬁ9§3”t%sc’f— s D02l onB 857 nPER nat i on

of two o, eof unt onen s to. be ingorporated is
' par ST 15T RSB, BRPSIAY IR ChrtEherCEVPR b
ggnpggrté 0 rtﬁiupgggg $,8 nen@J abgg%l t%"]oa dto dz?ge fg%%by M:Ight
per about ?))i %HI gher %%aﬁ §0 to t@é’%% by vv%l al u%go
f b ot % h 85 to 99.5% b
R e T b f@?%%%e Lom 85 19,99, 5% by

vei ght per about plsf QRIS 9. %A V@ﬂcﬂhilf’éoniéf'ecé’ﬁ U ”@sea-oenég'al I or

too | arge anounts of those conponents resuJt tnrdifficulties in pore

di anet er geg@itlaAtliyoremployed as support components of this kind of
catalyst.

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

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

| "Too small or too large amounts of those components

result in difficulties in pore diameter regulation. In
addition, too small amounts thereof result in insufficient

- impartation of Br¢nsted acid sites or- Lewis acid sites,

"while too large amounts therecf result. in a tendency for

Group 6 metals, especially molybdenum, to be less apt to

highly disperse.
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addition, too small amounts thereof result in insufficient inpartation of
Br(err)nsted acid sites or- Lewis acid sites, while too |arge anbd 2005
thereof result. in a tendency for Goup 6 netals, especially nolybdenum
to be less apt to highly disperse. - 12 Q7 JUL2005 The inorganic oxide
support to be used in the present invention is prepared through cal ci nation
which is conducted at about from580 to 700C for about from1.5 to 3
hours. The catalyst of the present invention is prepared by nerely drying
at 200C or lower the inorganic oxide support on which active conponents

h beer id iL] - ' I ' s.th

mochani cal - pr opal i onaF PPHACCTERgR  HiDRgRe" el BRI an) e,
pét 1 es"8F JPHE carar yst | . 8¢h,

ot ot ned By T o THe ol S o ash o AT R Gt R R A, 2°

conduct e%cﬁ%dxﬁ:t‘e%ﬁgﬁ PG | PUGE EB@NLoabebEC sB6ug Eféxhoﬁ.éh%ter t han

about 1.5 hours, ficrent nechanical strength cannot be obtalned. Even

when cal & ngddy@n IS conducted at a high tenperature exceeding about 700C
for a prolonged period exceeding about 3 hours, not only the effects of

burning are satuha eshtulysd sefdensi fgrealen@n IMYeG 19 biPpaked
properties of-the inorgani ¢ oxi de support, such as specific surface area,
pore vol ye, mepdlgveadagingot d2ed%t eor lower the inorganic oxide
' - support on which active domponents have been provided, as
will be described later. Accordingly, the mechanical
properties of the catalyst (e.g., side crushing strength,
compacted bulk density, etec.) which will be described latex
should be obtained by burning the inorganic oxide support.
When calcination is conducted at a temperature lower than
about 580°C for a period shorter than about 1.5 hours,
sufficient mechanical strength cannot be obtained. Even
when calcination is conducted at a high temperature
exceeding about 700°C for a prolonged period exceeding
about 3 hours, not only the effects of burning are
saturated but also densification may occuf to impair
ﬁrdperties of the inorganic oxide support, such as specific
.surface area, pore volume, and average pore diameter.

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

specific surface area of the support is from 270 to 500

m’/g, preferably from 300 to 450 m’/g. The pore volume

- 13 -




The specific surface area, pore volune and average pore dianeter of-the

i norgani ¢ oxi de- support should be as follows so as to enabl e th8 TcdbhlZBt
to have high activity in the hydrodesul furization of hydrocarbon oils. The
specific surface area of the support is from270 to 500 nR/g, preferably
from300 to 450 nR2/g. The pore volunme 13 O 7 :JUL 2005 thereof is from
0.55to0 0.9 mM/g, preferably from0.65 to 0.8 nl/g. The average pore

di aneter thereof is from60 to 120 A, preferably from65 to 90 A The
reasons for those property ranges are as follows. The Goup 6 netal and

G 8 tal in th [ ' | yt, ' th ht . t b t
o the’ Mhietent” 49 crrdR0 cPRatey ByS it PR i b0 1 65 (Fe”” °C"
h hor i i-d, to f het I id _while .t 8 t

AR R A AT BT e R R

Accor di ng@b ﬂm%&fé}%&?&f'#&ﬁhﬁﬁur&agﬁ area of the support is smaller than

270 n2/ g, it I's . i'ghl’y di'sperse each netal in inpregnation
because of the buhld Ne3Bhst NecFOMEBKe A?r@p%?§§ltrah esWwodld bgs

difficult to precisely regulate the Tormation t he aforenmentioned active
sites (e.fp11dwMS phase, N MXS phase or the like) in the resulting
catal yst through sulfidation. Wien-the specific surface area of the

support is The Group 6 metal and Group 8 metal in the
impregnating solution each are thought to be present in the
form of a complex (the Group 6 metal has coordinated to the
phosphoric acid to form heteropolyacid, while the Group 8
metal has c¢oordinated to the organic acid to form an
organometallic complex). Accordingly, when the specific
‘surface area of the support is smaller than 270 m’/g, it is
difficult to highly disperse each metal in impregnation
because of the bulkiness of the complex. As a result, it
would be difficult to precisely regulate the formation of
the aforementioned active sites (e.g., CoMoS phase, NiMoS
phase or +the 1like) in the resulting catalyst through
sulfidation.
| When the specific surface area of the support is
larger than 500 m?’/g, the support has an exceedingly small
pbre diameter and hence gives a catalyst which also has too
small a pore diameter. Such a catalyst having too small a
pore diameter has reduced desulfurization_activity because
the diffusion of sulfur compounds into the catalyst pores

is insufficient.
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| arger than 500 n2/g, the support has an exceedingly small .pore dianeter
and hence gives a catal yst which also has too snmall a pore di anef& JUBZ80h
a catalyst having too small a pore dianeter has reduced desul furi.zation
activity because the diffusion of sulfur conmpounds into the catal yst pores
Is insufficient. 14 07.JUL2005 When the pore volune of the support is
smaller than 0.55 m /g, the anbunt of the solvent infiltrating into the
pores is too small when a catalyst is prepared by the ordinary

i mpregnation nmethod. Since the solvent anount is thus limted, the
conpounds of actjyve negals‘shOM/Eoor solubility, resulting I n ingaired
metal di spersibi FPE) £8e BPye Rolumg| 9% thavFHEPPELr 18cFMILLST BReRough the

201901118 g% OSSN SFIUNE LS. TRl P SPUGRCPR Y81 10
di sad t .in. that th I.d wh in_t | t,
e R AL b SRR e BRI,

d i1 s | | ZzAati LMity. t h t
decteas R SIHLARUSR P HUNLY. WS IS YOl el g P

surface aneR ANt bEqaCene®. BBRAbSNAENGS: SAOY:RRC moLAFPCIA | bhir
resulting:in a catalyst having poor desulfurization activity. en the
pore di agRfi®mhiafithhe SAPAind SigMahb8ired metal dispersibility to
give a catalyst having poor activity. Although the
"solubility of the compounds of active metals may be
enhanced by adding a large amount of an acid, e.g., nitric
acid, the technique: is disadvantageous in that the acid,
when added in too large an amount, reducgs the surface area
of the support and this is a major cause of a decrease in
desulfurization activity.
When the pore volume of the support is larger than
0.9 ml/g, the support has an exceedingly small specific
surface area and +the active metals hence show poor
dispersibility, resulting in a catalyst having poor
desulfurization activity.
| When the pore diameter of the support is smaller
than 60 A, the catalyst to be obtained through active metal
deposition also has too small a pore diameter. The
catalyst having too small a pore " diameter has reduced
desulfurization activity because the diffusion of sulfur
compounds into the catalyst pores is insufficient.

When the pore diameter of the support is larger

than 120 A, the support gives a catalyst having a reduced
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-than 60 A, the catalyst to be obtained through active mnetal depoEiti n

al so has too small a pore dianeter. The catalyst having too smal 7aJ@%Fg5

. di aneter has reduced desulfurization activity because the diffusion of

sul fur conpounds into the catalyst pores is insufficient. When the pore
dianeter of the support is larger than 120 A, the support gives a catal yst
having a reduced 15 Ol JUL 2005 specific surface area. In the catal yst,
the dispersibility of the active netals beconmes poor because of the too
smal |l specific surface area of the catal yst. The catal yst hence has poor
desul furi-zation activity. Preferred exanples of the G oup netal. contained
in the capgejficopurfach: agenr | ekProRabatYste Hof yBiRRehF 1Bt ingst en

Mol ybdenumis particularly preferable. The content of the Gou tal is
from 10 P& 3% aRFINS JRtals HeGOMRY BIYMBRFIBO R b‘i}‘%‘i‘%t?‘“ﬁﬂeer ns of

I d t. b th tal yst. th t ent t.h 6
motal i S SPORL i BT LS 137 4oy Yot 0% FPECARBERT | N LR TIE erR i
producin% t he ef%iéé fytlﬂ bﬁt%ble éoVLQe Goup 6 netal. \Wen a catalyst
havi ng a @Poﬁﬁqg A ESACENTCEX EE &l%gy30@bby weight is to be produced,

aggregati on of the Goup.6 JiEhEh oLOPPOPR BEEHES ¢ Mddlel SkspeRin&ioup 6
nmetal inpregnation F%ep05|t|gﬁ3, resukting 1 n poot dlsper5|§|llty of the
Goup 6;9etdle ddt A 2N tHhpTetahd! Yilenelbal Ricifife Gr8¥PbEenum

and tungsten. Molybdenum is particularly preferable.

The content of the Group 6 metal is from 10 to 30%
by weight, preferably from 16 to 28% by weight, in terms of
an oxide amount based on the catalyst.

When the content of the Group 6 metal is lower than
10% by weight, this amount is insufficient for producing
the effect attributable to the Group 6 metal. When a
catalyst having a Group 6 metal content exceeding 30% by
weight is to be produced, aggregation of the Group 6 metal
compound occurs in the step of Group 6 metal impregnation
{(deposition), resulting in poor dispersibility of the Group
6 metal. In addition, this catalyst contains the Group 6
metal in an amoun£ exceeding the limit of efficient

' dispersion or has a considerably reduced surface area. No
improvement in catalytic activity is hence attained.
- Preferred examples of the Group 8 metal include -
cobalt and nickel.
- The content of the Group 8 metql is from 1 to 15%
by weight, preferably from 3 to 8% by weight, in terms of

an oxide amount based on.the catalyst.
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metal in an anount exceeding the |imt of efficient dispersion or.has a
consi derably reduced surface area. No inproverment in catalytic aBtfivbk20lhs
hence attained. Preferred exanples of the Goup 8 netal include - cobalt
and nickel. The content of the Goup 8 netal is from1l to 15% by weight,
preferably from3 to 8% by weight, in ternms of . an oxi de anobunt based on
the catalyst. - 16 0 7 JUL 2005 When the content of the Goup 8 netal is
| ower than 1% by wei ght, active sites attributable to the Goup 8 netal
cannot be sufficiently obtained. Wien a catalyst having a Goup 8 netal
content exceedi n‘g 15% by weight is_ produced, aggregllat,i-on of the G oup 8
ke i oY

netal conpound ofkeRsthe rcenkent f crhexGRRPIB hHeteha eqnay grhan :
(deposition), resulting in poor dispersibjility of the oup 8 nmetal. In
addi ti on]®i (PY sWEAGHGIt AtV usBLIEPSt HE TG RIF et BP it%e SE(’EﬁuPod8 | arge an
U YhShS S O, N Siiery bEBSRRS, PLIBIAR 05 &KoY, 20,
atti ceshoXaRE 5 rn 2 dSerh beForty SretRaiilcasathe B $9pr ovea.
are ‘cont BERdeRE": ReBReBsiBh, 5 Mhsl R £ bl SRy B e L
ratio of jhhe. @i giby of Group 8 metal impregnation (deposition),
resulting in poor dispersibility of the Group 8 metal. In
addition, it is thought that use of the Group 8 metal in
such too large an amount yields, e.g.,- Co0Q, NiQ, etc.,
which are precursors for Co,S, and Ni,S,, which are inactive
forms of cobalt and nickel, and further yields a cobalt
spinel, nickel spinel or the like incorporated in support
lattices. Namely, the catalytic activity is reduced rather
than improved.
| The optimal proportion of the Group 8 metal to the
Group 6 metal, which are contained in the respective
amounts shown above, is such that the ratio of the weight
of the Group 8 metal to the total weight of the Group 8
métal and the Group 6 metal in terms of an oxide amount is
preferably about from 0.1 to 0.25.
When that ratio is below about 0.1, the formation
of -a CoMoS phase, NiMoS phase or the.like, whic¢h are
thought to be active sites for desulfurization, is
inhibited, resulting in- a limj.ted improvement in

desulfurization activity. When that ratio is higher than

about 0.25, the formation of the aforementioned inactive
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of the Goup 8 netal to the total weight of the Goup 8 netal an&th& :
Goup 6 netal in terns of an oxide amount is preferably about fr h 9V 2008
0.25. Wien that ratio is bel ow about 0.1, the formation of -a CoMOS phase,
Ni MoS phase or the - like, which are thought to be active sites for

desul furization, is inhibited, resulting in- a limted inprovenent in
desul furization activity. Wen that ratio is higher than about 0.25, the
formati on of the aforenentioned inactive 17 0 7 JUL 2005 form of cobalt

-or nickel (Co9S8 or Ni 3S2) tends to be accelerated, resulting in alimted

| mprove | Ny£C L C ACt ikt TheaaPnt gAt 0 sPhosdHIUS tbs &om 0. 8
to 8@6b§§g&gigﬁf,a%§%¥%$a6?§ Pﬁgﬁ¥%.5bt89€@6by mefgz?, nore preferably

from 2 t acbiayRight  roasedie the cadal yahd chlen tisrameant otn
y

phosphorus is |ower than 0.8% weight, it is presuned that the Groub 6

net al ca@yﬁal}{tqrdnaa;ﬁle;tﬂgqpol yacid on the catal yst surface and, hence,
the step of presulfiding does not yield highly dispersed MJS2 and cannot
sufficiently formhchecafibespentsi opkdspledbiwe i t Esomord.destbf 8% zhyi on. in
particular, fromthe standpoint of enabling the catalyst to have

| am nati mgeidlayer spoéfemdlybydenfironi sl 6i déoi n & numperweightom 2oBeto 5 on
the average after presulfiding, the content of phosphorus is preferably
regul at epneferadsbbyf nom ghttob% by weight, based on the catalyst.
When the content of phosphorus is lower than 0.8%
by weight, it is presumed that the Group 6 metal cannot
form a heteropolyacid on the catalyst surface and, hence,
the step of presulfiding does not yield highly dispersed
MoS, and cannot sufficiently form the aforementioned active
sites for desulfurization. In particular, £from the
standpoint of enabling the catalyst to have laminating
layers of molybdenum disulfide in a number of from 2.5 to 5
on the average after presulfiding, the content of
phosphorus is preferably regulated to 1.5% by weight or
higher.
On the other hand, when the content of phosphorus
is higher than 8% by weight, the Group 6 metal sufficiently
forms a heteropolyacid on the catalyst surface and, hence,
~ the high-quality active sites for desulfurization are
formed through presulfiding. It is,-however, presumed that
éhe excess phosphorus is a major cause of a decrease in

activity because it functions as a poison _to cover

desulfurization-active sites.
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hi gher.. On the other hand, when the content of phosphorus is higher than
8% by weight, the Group 6 metal sufficiently forns a heteropol ya@itddohn 2008e
catal yst surface and, hence, the high-quality active sites for

desul furization.are fornmed through presulfiding. It is,-however, presuned
that the excess phosphorus is a major cause of a decrease in activity
because it functions as a poison .to cover desulfurization-active sites.
18 07JUL2005 The content of carbon is from2 to 14% by wei ght, preferably
from2 to 10% by wei ght, and nore preferably from2 to 4% by wei ght, based
on the catalyst. The carbon is derived fromorganic acid, preferably

citric acid. WeRhehgoasgnentiofcagBon s stTefed tRan LD yWekIRt , t he
Group 8 netal does not sufficiently forma conglﬁex conpound_wi th the

organi c REEICEAPLRe &AM §st0 0% ab¥. Weidhtis eBde MNfe RFSIFFEWEt al
which is _not in, t or m of conplex is, sulfide rior to the sulfidation
of the GIEQP & ﬁ\?tgg Lﬁ Vﬁégggepbgge‘gr%gu\ﬂ??d?#@?ﬂ'?t;s presurredut h:at |
active sites for _gdesulfurizatiqon (e.qg..._a CoMS. phase, N l\/b§P ase, etc.)
are hence not SUFHFCF@E#? l?o&%é"%‘gdff‘ﬁ%to @%ﬁgo?ci\?ss%rev\% %?1 Yre

i nactive fQrip qc-&ob?wﬁia%@i&{ﬁ?' n@Ngr Ac60RBht ;8PiNgler &ﬁi&?'z@pi nel or
the |ike T'ncorporated i'n support’ a)ﬁl ces are yirel ded. en e content of-
carbon i gNianehd Nah 4920 8 metal does not sufficiently form a

complex compound with the organic acid on the catalyst
surface. In this case, the Group 8 metal which is not in
the form of a complex ié sulfided prior to the sulfidation
of the Group 6 metal in theistep of presulfiding. It is
presumed that active sites for desulfurization, (e.g., a
CoMoS phase, NiMoS phase, etc.) are hence not sufficiently
formed and that Co,S, or Ni,S,, which are inactive forms of
cobalt and nickel, and a cobalt spinel, nickel spinel or
the like incorporated in support lattices are yielded.

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

When the Group 6 metal has formed a cdﬁplex with
_ the organic acid, +the Group 6 metal is sulfided

simultaneously with the sulfidation of the Group 8 metal in

the activation {sulfidation). It is presumed that in the
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-weight, the Goup 8 netal can sufficiently forma conplex conpound wth
the organic acid on the catalyst surface. In this case, however, BifodUl2lp
the Goup 8 netal but also the Goup 6 netal forma conpl ex conpound W th
the organic acid, but also the excess carbon derived fromthe organic acid
remai ns on the catal yst surface. Wien the Goup 6 netal has forned a
conplex with the organic acid, the Goup 6 netal is sulfided
“sinmultaneously with the sulfidation of the Goup 8 netal in the activation
(sulfidation). It is presunmed that inthe - 19 0 7 JUL 2005 sulfidation,
active sites for desulfurization (e.g., CoMS phase, N MbS phase, etc.) are
not effloﬁ@ﬁuqﬁtﬂ@moﬂwetﬁ%e%%% dosuhEur b7 akionn (8 9Coo8RMS Ni 352,
which are_ inactive fornms of cobalt and nickel. FurthernDre t he excess

carbon i PhEffvatFiModf Phasgecraldsd | ArACPPYi teyfﬁdé’c‘&j’éielyt P1MRd i 8R4 as a

tal yst o] d | t d | fidat
o or lor RS © REeUR 48, cPh6[ HRBRLERortE | (oct 10 MeatnavihiaRERd

activity Jin the hydr odesul f ur. tion and esul furization of gas oils, it

shoul d haV¥THe d‘%ﬁé"sﬁ tqtgor?c’b(fég:cﬁ“g&e& 15k§Fe and further have the fol | ow ng

val ues of a spe rf ce a r me: an ra pore

di aneter. The spf?m ftﬁle§§1uor dce%gegxgeggd%a\g%ﬁ%neﬁg %at%%a%‘i% bt 3 :
‘decrease in activity because it functions as a catalyst

poison to cover desulfurization-active sites during
sulfidation.
In order for the catalyst of the present invention
to have enhanced activity in the hydrodesulfurization and
desulfurization of gas oils, it should have the composition
described above and further have the followingrvalues of a
specific surface area, a pore volume and an average pore
diameter.
The specific surface area (as determined by the
nitrogen adsorption method {BET method)} of the catalyst is
about from 220 to 300 m?’/g, preferably about from 240 to
280 m’/g.

| When the specific surface area of the catalyst is
smaller than about 220 m’/g, the Group 6 metal and Group 8
metal, which each are thought to be present in the form of

a complex (the Group 6 .metal has coordinated to the -
phosphoric acid to form a heteropolyacid, while the Group 8

metal has coordinated to the organic acid to form an
6rganometallic complex), each are not in a highly dispersed

state on the catalyst surface because of the bulkiness of
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nitrogen adsorption nethod (BET nethod)) of the catalyst is
to 300 n2/ g, preferably about from?240 to 280 nR/g. Wen t
surface area of the catalyst is snaller than about 220 n2/
nmetal and Group 8 netal, which each are thought to be pres

about from 220
he spelitf #el 2008
g, the Goup 6
ent in the form

of a conplex (the Goup 6 nmetal has coordinated to the phosphoric acid to

forma heteropolyacid, while the Goup 8 netal has coordin
organic acid to forman organonetallic conplex), each are

ated to the
not in a highly

di sperse

d state on the catal yst surface because of the bul ki ness of

Snalleridﬁgﬁéﬂgyﬂbékéﬁérgéﬁbrkably small so that this catalyst has

‘too small a pore diameter and hence has reduced

desulfurization . activity in hydrotréating because - the
diffusion of sulfur compouﬁds into the catalyst pores is
insufficient.

The pore volume of the catalyst as determined by
the mercury penetration method is about from 0.35 to 0.6
ml/g, preferably about from 0.36 to 0.55 ml/g. When the
pore volume of the catalyst is smaller than about 0.35 ml/g,
the catalyst has insufficient desulfurization activity in
hydrotreating because the diffusion of sulfur compounds in
the catalyst pores is insufficient. When the pore volume
thereof is larger than about 0.6 ml/g, the catalyst has an
exceedingly small specific surface area and the active
metals are present in an insufficiently dispersed state.
This catalyst hence has reduced desulfurization activity.

- The average pore diameter of the catalyst, as
determined from a pore size distribution obtained by the
mercury penetration method, is about from 65 to 95 A&,
preferably about from 70 to 95 A. wWhen the average pore

diameter of the catalyst is smaller than about 65 ﬂ,

- 21 -
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0 7 JUL 2005 the conplex. As a result, it is difficult to precisely

regul at e e ¢IPARFon HF theT@FBLEnedt oheddaéficulsi 1t PrRFHEYHY

sul fidation. _The catalgst hence has reduced desulfurjzation activity. Wen
the speciRigdlater fdie afemabion hatcfhg Afonemaniipned et SHuElse® ne/ g,
the pore . dianeter cone .remar kab small.so that this, catalyst has too
smal | a pOreUS |ﬂ§£¥%¥§ailﬁgnce hgggreﬂﬁgﬁﬁysﬁesﬁ??ﬁ?izﬁ??onréﬁP?% ty in
_hydrotre%fin ecause the .gjfjusio fnsghfur coqgfunq§ iPto t he catal yst
pores is 955 EeeR R ETY Vol of "ThEPE Ay st ° Bt et ef hffed by

t he mercury etrati met hod | bout_ fr . 35,10 0.6 (.9, Rreferably
about f r%r% 0736 tcg%%.lg'gtmll%. g@\kgﬁ%t ﬂ_‘g]anpo%g&‘g%l gr?tgror?/gﬁe%ﬁaegaP%s‘% i's




the catalyst has insufficient desulfurization activity in hydrotreating.
because the diffusion of sulfur conpounds in the catalyst pores 0§ JuL

i nsufficient. When the pore volune thereof -is larger than about- 0.6 m /g,
the catal yst has an exceedingly small specific surface area and the active
metals are present in an insufficiently dispersed state. This catalyst
hence has reduced desul furization activity. The average pore di aneter of
the catalyst, as determned froma pore size distribution obtained by the
mercury penetration nethod, is about from65 to 95 A, preferably about
from70 to 95 A, Wen the average pore dianeter of the catalyst is smaller

t han aboueagtapts are pepsjept 2Bo5difEaee ahRko Jfhe |RRLeH AN o BPRFRse into

t he pores and, hence, desul furization reactions do_not proceed efficiently.

When théeﬁuéﬁaaéZﬁé#@ndraﬁEPéPnﬁhé?eBPtiErPSﬁeéreﬁﬁéﬁ1§BB§¥-95W%$“ t he

cat al yst ﬁas a reduced internal-sur%ace grea gf t he oresmaléhgggg

di f f usi ofPPnEYCERESHBPES FLaRGERLT BREFFYT 1The2EdehI VA2 BB haR %’ r educed

effective specific surface _area and r.equced.activity. ln or enabl e

the cat aﬁ??t FH-XAE A PGS gaerregﬁ"?ﬁ ti q"erﬂ}‘?r}e'rsu(ﬁéaﬁér e%r%gt ?)g yIFfr?lﬁ t he
pore requirenment descri bove,. e a [ e s to have

- such a pBPEgﬁnﬂéiQﬁu |s?$?gﬂ$f§% ﬁﬁygtéﬁgpbégéﬁtﬁga %#Lé%ggSEBEgQing a -

-~ dianeter gyl gyl Jyglic! RERBPAUE 5:8aBB8A e rRBok e HpEATE: ROLErdhagEL T 1S
general | y about Yo or
area and reduced activity.

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

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

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

These layers of molybdenum disulfide, which are

formed on the inorganic oxide support, not only serve to
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~ higher, preferably about 80% or higher. in addition, the pore dianeter .
distribution of the catalyst is preferably nononodal. A catal yst 0favlk@il
pore dianeter distribution which is not narrow has a |arger anount of
pores not contributing to activity and hence has reduced desul furization
activity. The catalyst of the present invention is preferably one which
after a sulfidation treatnent has lamnating |ayers of- nol ybdenum

di sul fide, the nunber of-the | ayers observed through a transm ssion

el ectron mcroscope being from2.5 to 5 on the average. These | ayers of

ol ybdenupdliculd | dfe WnEAcR! & dOT B0 Gk THE:LIPLOARE OXi g6 HuRRort, not

only serve to - 2 L 20 I ncrease t ntact area of the

catal yst Lulid s@ipaye achl Ve 5i¢@fos CpHased PPN 25Ra 96, NieMPReRNESE,

fornmed therein. However, "catal ysts in which the nunber of such |amnating

layers i s.ramddiel théfevdes, oeataqmgw 3P $RYEhathkafifibdy 088" sueh Of
lowy active Type | sites of a CoMbS phase or N MbS phase and, hence, do

not have Tigihaeiny i ager=Oid gnaqtifkar thand,2 .Gatoal Xdles aive rafdiec halviee anunmber
of the nolybdenumdisulfide amnated |layers is larger than 5 have a

reduced dmjest epropdeetiod aft loelgi besizet IToggh higites att aveohpse | |

sites of a CoMbS phase or N MoS phase are forned. Consequently, these

cat al yst Pleisd aio WMidlohphasehiagid ,adtandea,y.do not have high activity.
On the other hand, catalysts in which the number of the
molybdenum disulfide laminated layers is larger than 5 have
a reduced absolute number of active sites although highly
active Type II sites of a CoMoS phase or NiMoS phase are
formed. Consequently, these catalysts also do not have
high activity.

Furthermore, the catalyst of the present invention
preferably has an in-plane-direction 1length of the
molybdenum disulfide layers, observed through a
transmission electron microscope, which is from 1 to 3.5 nm,
preferably from 2 to 3 nm, on the average.

When the in-plane-direction length of the
molybdenum. disuifide layers is smaller thén 1 nm, the
cobalt and nickelr cannot form a sguare pyramid type
pentacoordinate sulfur structure because the molybdenum
disulfide molecules are present only as single molecules.
Consequently,u_a CoMoS phase or NiMoS phase serving as
active sites cannot be formed. When the in-plane-direction

length thereof is larger than 3.5 nm, the absolute number

of edges is reduced because of the large molybdenum
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Furthernore, the catalyst of the present invention preferably has an .. ..
I n-plane-direction length of the nolybdenum disulfide |ayers, odﬁéhvﬂﬂamﬁj
through a -transm ssion el ectron mcroscope, which is froml to 3.5 nm
preferably from2 to 3 nm. on the average. Wen the in-plane-direction

| ength of the nolybdenumdisulfide layers is smaller than 1 nm the
cobalt and nickel cannot forma square pyram d type pentacoordinate sul fur
structure because the nol ybdenum disulfide nolecules are present only as
single nol ecul es. Consequently, a CoMbS phase or N MbS phase serving as
active sites cannot be fornmed. Wien the in-plane-directiqn_.l t her eof
i s | ar getigwbfide scnpptehe @BSBI H@Bnmrnywe%@tsgﬁg ﬁ?&ﬂ'@gag'g%l cause of

the large nol ybdenum 23 _07JUL2005 disulfide crystals eye t he
nunber ofayews| 4@ nBXPRg2-ayere Ps 9% oﬁ?‘?. Y9 3N tﬁ% aiX/e;}ae\gM;‘ﬁEAs a

result, active sites of a ColMbS phase or N h n cured in
a sufficeebivaumides ThE Cat@RY BP3PRe Qpﬁ'eggﬁf)gi %&gﬁoﬁgﬁvﬁi@cﬁas t he

properties described above,.is,_ pref.erably obtained by the process of the
present FRGEREEoMPWA] %‘Hggﬂ“af’relbfe n%“k}foeflg'l ned bel ow. Nanmely, the catalyst is

Ll e B BB R, PR PRt funacht et one
the properties described above, is preferably obtained by
the process of the present invention which will be
explained below.

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

Examples of the compound containing a Group 6 metal

- in the impregnating solution include molybdenum trioxide,
molybdophosphoric acid, ammonium molybdate, molybdic acid

and the like. Molybdenum trioxide and molybdophosphoric

acid are preferred.
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af orenenti oned G oup 8 netals, phosphorus, and carbon in the respective
anount s shown herei nabove onto an inorganic oxide support havingBﬂhéULZﬁE
properties described.above, using a solution containing at |east one .
conpound containing the Goup 6 netal, at |east one compound contai ni ng
the Goup 8 netal, organic acid and phosphoric acid, followed by drying.
For exanple, the process is acconplished by inpregnating the inorganic
oxide support with a solution containing the conpounds and the |ike,

foll owed by drying. Exanples of the compound containing a Goup 6 netal in
the i nmpregnating_sol ution incl.ude _nol ybdepum tri oxide, .nolybdophosphoric
aci d, annnniun1nﬁP?bdaFBﬂpﬁﬁpgﬁdiérgciﬁ%i%%?tﬁﬂaIF% k%?ﬁ%%%%ﬁﬁﬁ?rioxide

d ol yhdaphosphar | i d ferred, 24 . Q7 UL d
are adaooRRUERD iy i FhoeRaRhE; EREFn ek e s, Mt ReFEIT ol Vst

cont ai ns Gou tal, i n QﬁgHﬂ; Lihn t a ho
hereinabg%gspExgﬂpﬁg§Eg$ ?H% g%ﬁpoun con$%§€#%% QEQéoﬂgg%énerg?ow?nclude
cobalt cgpheiateqvai ckel carbonate, cobalt citrate conpounds, nickel
citrate conpounds, cobalt nitrate hexahydrate, nickel nitrate hexahydrate

and the like. Cphahbiear benehe, cBhgkBhacabhenahengcabetbupi raéeal
conpounds and ni ckel "ciktrate conpounds are-preferred. Cobalt citrate

conpounds naN@del Jelald td Bkt ouniiskethi €drbonate, cobalt citrate

compounds, riickel «citrate compounds, cobalt nitréte

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

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

Examples of the cobalt citrate compounds include
cobaltous citrate (Co,(C.H,0,),), cobalt hydrogen citrate
(COHCH,G;), cobalt citrate oxysalt (Co,(CgH;0,),Co0) and the

like. Examples of the nickel citrate compounds include

nickelous citrate (Ni,;(C.H;0,),), nickel hydrogen citrate
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have a | ower deconposition rate than cobalt carbonate and nickel carbonate
are particularly preferred. Wen a cobalt or nickel'conpound'haviﬂj
deconposition rate is used, the cobalt or nickel forns-a |ayer separately
fromlayers of nolybdenumdisulfide, resulting in insufficient formation
of a highly active CoMS phase or Ni MOS phase. In contrast, when a cobalt
or nickel compound having a | ow deconposition rate is used, such a highly
active phase can be sufficiently forned at rimedge parts of the

~mol ybdenum di sul fi de. Exanples of the cobalt citrate conpounds include

cobaltous citrate (Co3(CeH507 cobalt hydro en_c t, H ,
cobal t C(R‘%%@élsz)yvsaFHC]ﬁ%Sc{ H&lﬁﬁe éskg %Ex%’%l gg‘ €of the
ni ckel C|trate conmpounds i ncl ude nlckelous citrate (N 3(C6H507) 2), ni ckel
hydr ogen lik€érate 25 07 JUL 2005 (NiHCBFBCW) ni ckel citrate oxysalt

Ni 3( C6H507) 2Ni d.th h
g;gkél canl) | *%%E%%%rfﬁ ?ﬁgdngﬁgéfhéSngg gb%ﬁ gpégggmboq%%%aﬁ?d
-for ex d
an aqueo EE?%??%% TR oL EoPing net, Cuioth ‘L?%S(?u%?a'{%%’tb%?”ﬁgﬁnﬁtye a
such a 0
MBbROCe P PE, EZ‘% Lorldods éoa‘fétabﬁﬁélﬂéépaﬁf‘t'&{hs‘mi

r enovi ng rom nmet al conpounds are added: to
the cobalt carbonate in an agueous solution of citric acid. A

citric acid compound obtained by such a method may be used
as it is in catalyst preparation without removing the water
therefrom. |

The . Group 8 metal compounds are added: to the
impxegnating solution in such an amount that the resulting
catalyst contains the Group 8 metal in an amount within the
range shown hereinabove. |

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

When citric ac1d is used as the organic acid, the
citric acid may bé in the form of citric acid alone or may
be in the form of a citric acid coﬁ%ound with cobalt or
nickel (Group 8 metal), such as those enumerated above.

It is important that the organic acid should be

added in such an amount that the resulting catalyst
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i npregnating solution in such an anount that the resulting catal yst ..
contains the Goup 8 netal in an anobunt within the range shown @7 JULZGE
her ei nabove. Exanples of the organic acid include citric acid nonohydrate,
citric anhydride, isocitric acid, malic acid, tartaric acid, oxalic acid,
succinic acid, glutaric acid, adipic aci d, ben20|c aci d, phthalic aci d,

I sophthalic acid, salicylic acid, nmalonic acid and the Iike. Ctric acid
nonohydrate is preferable. it is inportant that the organic acids should
contain substantially no sulfur. Wien citric acid is used as the organic
acid, the citric acid my be in the formof citric acid alone or may be
in the f&OMteAng C¥?$-}‘éu%\il FarSHPFouRn vﬂ”c ha@QB&Itt withincitdie (erBEp 8
nmetal ), such as those enungrated above. is inportant,that the organic

‘aci d shof@"Be abQ¥fed i+ sh%haQHaQ*ﬁBEﬁPuFhé’thatthe“}%sﬁqi‘?ﬂﬁboEaﬁﬁP%F 26 p7
e PG 8 Bl Vb T,
ol ar 1 atTRY o CLnaR T r D e 2 peref oy ?Fomtéﬂo@i

VWhen t hi %lr%rll?ﬁ S 0b?I ?allz,z thgf_ggg{.&i??%ﬁfpy . 41 YeqS| tes

~attribut 56 o oup ‘¢dnn btai ne When

that rat iihetxageds rofar B 1bMRECRRILING 0! WildFe hase! 8585 9fnaryi scosi ty

active sites attributable to the Group 8 metal cannot be

sufficiently obtained. When that ratio exceeds 1.2, the
- impregnating solution has too high a viscosity and this not
only necessitates a longer time period for the impregnation
step but also may result in a poorly dispersed state of the
active metals, for example, because the active metals do
not infiltrate into inner parts of the support pellets. It
is also advantageous that the addition amount of the
organic acid relative to the total of the Group 6 metal and
the Group 8 metal is such that the organic acid/[(Group 6
metal) + (Group 8 metal)] molar ratio is generally 0.35 or
lower, preferably 0.28 or lower, more preferably 0.26 or
iower. values of that molar ratio exceeding 0.35 are
undesirable in that the excess organic acid which has not
formed a complex with a metal remains on the catalyst
~surface and this organic acid remaining on the catalyst
surface may flow out together with a feedstock o0il in a
sulfidation step. N =

Examples of the phosphoric acid include various

phosphoric acids such as orthophosphoric acid,
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onl'y necessitates a |onger tine period for the inpregnation -step gu;yal
may result in a poorly dispersed state of the active netals, f or 8dx “5?@8
because the active metals do not infiltrate into inner parts of the
support pellets. It is also advantageous, that the addition anount of the
organic acid relative to the total of the Goup 6 netal and the Goup 8
metal is such that the organic acid/[(Goup 6 netal) + (Goup 8 netal)]
nolar ratio is generally 0.35 or |lower, preferably 0.28 or |ower, nore
prgferably 0.26 or lower. Values of that nolar ratio exceeding 0.35 are
undesirable in that, the excess orgapic acid which.has not, forned a
conpl ex WﬁﬁﬁpéoﬁPPQFlFenﬁFhéfonPVﬁngaﬁa gLEc sfffdee EﬁapPﬂ?§£8Fbﬁnic aci d
remaining gn the catal yst. syrface may flow out.together. with a dst ock
Ohl IR a?céﬁhfiH%PFGahééEEPr%&aﬁﬁ1 oP° thBHBEBﬁgFiCa%iqﬂj%nﬁb|%§ vari ous
phosphori.¢.acid ch as orthophosphoric Ci%ﬁ ! 005
met aphos gAEisc éﬁﬁﬁ?PB8?%$ﬁ5%%h%ﬁ+@ %%i%?g?% p%%%%%ﬁ?%%ggéééag'
t et raphosphoric acid, %ypho ' i d QQQ% he éke. Ot hop hori c
acid is particu!gfly_p?g eraﬂﬁ%&géé8¥ﬁ£ phosp‘%ricngeid may be Egég
1oLy PAOPBRIRAN IR 10Nl d o T biflodndT @440 Oa GBLAP. 6I 11 LN S
case, when‘the 5%05 orus cpntént In the resulting catalyst is Tower than
the |overdd it showan ; Beleiseabayifan PEREPRRLIsphAtuE idorfudrthein added.
resulting catalyst is lower than the lower limit shown
hereinabove, phosphofic acid is further added.
When the compound of a Group 6 metal or the
compound of a Group 8 metal does not sufficiently dissolve
in the impregnating solution, an acid may be used, such as
nitric acid, organic acid (e.g., citric acid, malic acid,
tartaric acid, etc.)), together with that compound.
Organic acid is preferably used. When organic acid is used,
there are cases where carbon derived from the acid remains
in the catalyst obtained. It is therefore important to
‘requlate the composition of the impregnating solution so
that the carbon content of the catalyst is within the range
- shown above.
The solvent for dissblving the components in
preparing the impregnating solution is water.

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

other parts of the container for the impregnating solution
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When the
does not
be used,
tartaric
preferab

i mportant to

that the

The solvent for dissolving the conponents in preparing the ingre ating
sol ut i onvish@ytednfipldxatAadadnim tdre (FHPRtvefic JdEdt itdhe ode

conpound of a Goup 6 netal or the conpound of a G.oup ﬁaﬂgaal ,
3

sufficiently dissolve in the inpregnating solution, an

such as nitric acid, organic acid (e.g., citric acid, malic acid,

acid, etc.)), together with that compound. Oganic acid is

| y used. When organic acid is used, there are cases where carbon
derived fromthe acid remains in the catalyst obtained. It is.therefore

regul ate the conposition of the inpregnating solution so

carbon content of the catalyst is within the range shown above.

Hefe

support cannot be sufficiently inpregnated.,K Wien the solvent anmpunt

1pprSOAstitme AOYRE GHRBT b nebtrinsd: MWLt e d P @i ns

large, a
adher ent
sol uti on

to the rin1aR

d
ampgnty of 5 Ehe @ LNGthodS | IRPPERELY ng™ T 0 Athe SUp

t he
is too

other parts of the. container for the_i.npregnating
éi Bgrt?'so t hat

the desired ' be .abt aj ly, th
anount P YRS AR o ARG SRty BPi 571 PoF 3601 86 ghe BREPEFEDI vt rom 60 to
85 g, per 100 g of, tRe-SUPPARS . ddbifll S3glbhldceanh GaPousileht thg sof vent

to prepare an i mpregna

Ing s ol vent may

hi gher than 0Gangh 1006-QhnhEsig S11AIGMAS the solvent may have a

temperature‘higher than 0°C and 100°C or less. So long as
the solvént temperature is within this range, each
component can be satisfactorily dissdlved in the solvent.
‘The pH of the impregnating solution is preferably
lower than 5. When the pH thereof is 5 or higher, the
amount of hydroxyl ions is increased and coordination
between the organic acid and the Group 8 metal is weakened
and thus formation of a complex of the Group 8 metal is
inhibited. As a result, the number of desulfurization-

active sites (CoMoS phase or NiMoS phase) cannot be greatly

. increased.

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

The impregnation may be conducted under various
conditions. However, in general, the impregnation
temperature. is preferably higher than 0°C and 1lower than
100°C, more preferably from 10 to 50°C, and most preferably

from 15 to 30°C. The impregnation period is preferably
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the solvent tenperature is within this range, each conponent can_be ...
satisfactorily dissolved in the solvent. The pH of the inpregnatiqd“JULzmﬁf
solution is preferably lower than 5. When the pH thereof is 5 or higher,
the anount of hydroxyl ions is increased and coordi nation between the
organic acid and the G oup 8 netal is weakened and thus formation of a
conplex of the Goup 8 netal is inhibited. As a result, the nunber of
desul furization- active sites (CoMbS phase or N MdS phase) cannot be
greatly increased. The inorganic oxide support is inpregnated with the
| mpregnating solution thus prepared to thereby deposit the solute
conponenfsomoibamindtes the3sbbutspnmonet heefénsbipnfromx?Yensuppest. The
~inpregnati on may be conducted under various conditions. However, in
gener al , tohé hopregnandomosteppeferabdy. fremp3efwiantes nighkrhewan 0C and
lower than 100C, nore preferably from 10 to 50C, and nost preferably from
15 to 30C. The i Wheagnkbe onimpyeanptionr deamanarure9gig7 JEP200BLIRy om 15
mnutes to 3 hours, nore preferably from 20 mnutes to 2 hours, and nost
pr ef er abBFYERGm BBY ni PRAWS A¥ringoukhe IR IR eghRENGH 08pERat ure is

00,119 SV RS NG e bUpLeghati on, resulting In
m xture during tE% is preferred to stir the mixture during the
impregnation.

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

| When the drying is conducted at a temperature
higher than 200°C, the organic acid, which is thought to be
in the form of a complex with a metal, is released from the
catalyst surface. It is presumed that-due to the release
of the organic acid, it is difficult to precisely regulate
the formation of the active sites (e.g., CoMoS phase; NiMoS$S
phase, etc.) in the resulting catalyst through sulfidation,

and that the sulfidation yields, e.g., Co,5,, Ni,;8,, etc.
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“inpregnation. After the solution inpregnation, the water containgd |

| npregnat ed support is renoved to sone  degree (to LA (loss:on i@ﬁrhﬂohﬁg. i
of about 50% or lower) at a tenperature of fromroomtenperature to about’
80Cin a nitrogen or air streamor in vacuo. Thereafter, drying is
conducted in an air or nitrogen streamor under vacuumat a tenperature of
200C or lower. Preferably, the drying is conducted at a tenperature of
about from80 to 200C for a period of about from 10 minutes to 24 hours.
More preferably, the drying is conducted at about from 100 to 150C for
about from5 to 20 hours. Wien the drying is conducted at a tenperature

hi gher twiabcR080: ithectiganformsi of webelti andnhaigkeltro a8 L9FUHS f or m of
a conplex with a netal, is released fromthe catalyst surface. It _is

pr esunedin haolyhdlanym héisel tide leminakes: ghdWraci®, 3t "PEPETT fA%uit to

preciselx regulate the formation of the active sihes %&Pﬁi, CoNbS. phase;
Ni MbS phese, thed )2ih Phe thes AMeNAFISat ANFRRLY hr 60Gh &hetvEh i OH'S

.~ and
that the sulfidation iields, g.g.. Co9S8, N 3S2, etc. - 30 O 7 JUL 2005
“whi ch arebtadpefvBagola¥ dpsubburtZ2ahteRi 2kEHVI5hY results in nol ybdenum

IRl 1o S GRS e
-Hovvever,d\]/:vggggt h%sdrgr%%eir%bﬁ?ﬁd%%%ét%&/ aGP, éi’@isfy the above
temperature range in terms of pressure at 760 mmHg. The
range of the atmosphere at the drying is 300 to 900 mmiHg,
preferably 700 to 850 mmHg, more preferably 730 to 800 mmHg,
and most preferably at atmospheric pressure. When the
'pressure at the drying is lower than 300 mm#g, the boiling
point becomes high so that the organic acid which is in the
form of a complex with a metal is easily released and the
organic acid, which is thought to be in the form of a
-complex with a metal, is released from the catalyst surface.
‘Due to the release of the organic acid, it is difficult to
precisely regulate the formation of the active sites (e.g.,
CoMoS phase, NiMoS phase, etc.) in the resulting catalyst
fhrough sulfidation, the sulfidation yields, e.g., CO,Sy,
Nis_Sz, etc. which are inactive forms of cobalt and nickel,
and the catalyst thus obtained has low desulfurization

_ activity. - i )

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

of various shapes ordinarily employed for this kind of

catalyst. For example, +the catalyst can be of a
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drying is preferably conducted to satisfy the above tenperature ran
terns of pressure.at 760 mmHg. The range of the atnosphere-at th8 3§Iﬂ§5
is 300.to 900 mHg, preferably 700 to 850 mtg, nore preferably 730 to 800
mrHg, and nost preferably at atnospheric pressure. Wien the pressure at
the drying is lower than 300 mrHg, the boiling point becomes high so that
the organic acid which is in the formof a conplex with a netal is easily
rel eased and the organic acid, which is thought to be in the formof a
conplex with a netal, is released fromthe catal yst surface. Due to the

I f_th , d i.cul [ h
f or mat | oRYAANERLCH ?l\I"'ngLPIIID@S & griadigii Cusé’BIIﬁ%epr%ﬁ% L 8 T,
coose. RraadySh: 2’ enar e mieh it (i reitn 4 I“Iﬁ eng1
(0) nic , and the
t al yst th bt d I I ' Th h f th
cat Z: Yot Ti O ﬁgﬂ%‘?‘é@@ DERE TeRULACTY, RBRLEELOR, 20F0 K i TTE S"OPE The
catal yst can navgygniecilen@hou,ias oF il 'éa)ﬁaQWtoyeﬂmf{?érﬁ@' s kind
cal a t c

of catalyst. For éxa an be of a - 31 0 7 JUL 2005
cylindriegl, g % iy %shﬂnadquggI:QHStﬁhaﬁﬁls yne ;g Z?r@fef&l@lfataﬁo)(ﬁt 2S
e a

generally such that t aneter ut’ From to 2 mmand the length is
about frqWe7nind ox "ALgHEL. "EGRaRI Gdle ddengthtok i3t Y54, loweter ns
than that wvalue, particles of the catalyst packed into a
reactor are destroyed to cause a pressure difference within
the reactor, making the continuation of hydrotreating
operation impossible.

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

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

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

The product oil obtained by the method of the

present invention can have a lower sulfur content and a
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of .side crushlng strength (SCS), is preferably about 2 [bs/nmm or
When the SCS of the catalyst is |ower than that val ue, partlclesq(?f‘%]'hém5

catal yst packed into a reactor are destroyed to cause a pressure
difference within the reactor, making the continuation of hydrotreating
operation inpossible. The conpacted bul k density (CBD) of the catalyst is
preferably about fromO0.6 to 1.2 (g/m ). The state of distribution of the
active netals in the catalyst are preferably of the uniformtype in which
the active metals are evenly distributed in the catalyst. The

hydrotreatnent nmet hod of the present invention ri.ses brin
oi | fraclower cohtebaengcentent thanpehest sd?‘i'ﬁjer“?:‘gﬁ) qttfqaﬁce”g-’a? algfllzt

VPa. o (bepbnaquee of SBBUFSLRBRTSBOEL0 4200 and - f’? q‘E}FS”LoH 'y space
velocity of SF’%“%@:EL%%%%&Q zc%s mﬁ%@f%%ﬁézﬁ P S "
fraction which include sul u gnent Thed i NP

oi | obt aPRE8eBY %H@eﬁ{étlﬁadoafatHB SF%%% %%%gﬁ%%tﬁa%eﬁ%ﬁa%gr%fwg:ww
o e AP SaePips R, [ ahipatey sopisginiag dhose
hydrotre%& n%tg%%(%yﬁ@ecatalyst layer comprising the catalyst

of the present invention. Hydrotreatment is accomplished
‘ byr int:oducing‘ a feedstock oil into this reactor and

reacting it under the conditions described above.

‘In the most common mode, a fixed-bed catalyst layer

is disposed in a feactor and a feedstock oil is introduced

_into an upper part of the reactor and passed through the

fixed bed from the lower to the upper side thereof. The

product oil is discharged from an upper part of the reactor.

The method of the present invention may be a
single~-stage hydrotreatment method in which a feedstock oil
is treated in a single reactor packed with the catalyst of

- the present invention, or may be a multistage successive
.hydrotreatmenﬁ method in which several reactors packed with
the catalyst are used to treat feedstock oil.

Before being used (i.e., prior to the
hydrotreatment method of the present invention), the -
catalyst of the present invention is activated by
sulfidation in the reactor. The sulfidation treatment is

conducted with a sulfur compound-containing petroleum

distillate and, added thereto, a sulfiding agent, such as
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present invention on a commercial scale, use nmay be nade of "a react:

havi ng therein a fixed-bed, noving-bed, or fluidized-bed type ca di ‘3@[‘ 2005
| ayer conprising the catalyst of the present invention. Hydrotreatnent is
acconplished by introducing a feedstock oil into this reactor and

reacting it under the conditions described above. In the nbst conmon node,
a fixed-bed catalyst layer 1is disposed in a reactor and a feedstock oil is
introduced into an upper part of the reactor and passed through the fixed
bed fromthe lower to the upper side thereof. The product oil is

di schar geldnfetdmland igppefidgey tcatbohedieatfdde dlre thet hbikef ¢hewptksent

i nvention may be a single-stage hydrotreatnent nethod in which a feedstock
oil is thyshtogrer n subfidpg e ivacior hpsbdcegenn tatndeploatal ysavibiig t he
present invention, or may be a nultistage successive hydrotreatnent met hod
in whi ch tesEszdtuneact of s W@é@hﬂmh alediat cafzbyst 2@ used tAPXEeat
feedstock oil. Before being used é grl or to the hydrotreatnent nethod
of the prREsharabiermbaH) fxem 258t hPy3603E, t Ad pReS¥ALOPAVe RELSA LS
activated by ulfldatlon in the reactor. The sulfidation treatnent is
conduct ePRRIFEE K f%dwomsc%a%m Kg9BeTrol eum distillate and,

dded th t ul f h 33 07 h|
e el et o botctst (ohe o0 £ tre P nehg (P B8 AL ALY PHAOEn b

hydrogenéﬂe D éggﬁitE%Qeﬁklon forms laminating layers of molybdenum

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

molybdenum disulfide.

Example 1
Silica was kneaded together with alumina hydrate,
and the resulting mixture was extrusion-molded and then
calcined at 600°C for 2 hours to obtain a silica-alumina
composite support in the form.-of cylindrical moldings
having a diameter of 1/16 inch (silica/alumina weight ratio,
'1/99; pore volume, 0.70 ml/g; specific surface area, 359
mw’/g; average pore diameter, 70 ).
. To 20.3 g of ion-exchanged water, 7.48 g of
. cobaltous citrate and 1.17 g of phosphoric acid (85%
.aqueous solution) were added, follo‘;wed by heatiﬁg up to

80°C and stirring for 10 minutes. Subsequently, 11.41 g of

molybdophosphoric acid was added thereto and dissolved,
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tenperature of generally about from 200 to 400C, preferably about from 250
to 350C, and a hydrogen partial pressure of ordinary pressure or O 200
Through the sulfidation treatnent, 'the catalyst of the present invention
forms | am nating | ayers of nol ybdenum disulfide having an average

lam nating | ayer nunber of from 2.5 to 5 and an average in-plane-direction
|l ength of froml to 3.5 nm The catalyst has highly active: sites of a
CoMoS phase or Ni MbS phase forned in rimedge parts of the nolybdenum
disulfide. Exanple 1 Silica was kneaded together with alum na hydrate, and
the resul-ting m xture was extrusion-nol ded and then calcined at 600C for 2
hours tofebiiawadabgi btéarahynabatheospasi temseppoute i fot hES froinuids
cylindrical noldings having a dianeter of 1/16 inch (silical/alumna weight
rati o, t699repare \wlaodmtibFort / npspecation surtlace impeegBs9ing?/ g;
average pore dianeter, 70 A). To 20.3 g of ion-exchanged water, 7.48 g of
cobal t ousotistienehaddalpl70of 6f5Bhosphoric acid (85% aqueous sol ution)
were added, followed by heating up to 80C and stirring for 10_m nutes.
Subsequent |y, 111nlogaufegmpﬂﬁb@oﬁw@§pm&ﬁﬁknm§QjQN&E‘Egd%@etﬁéié?é'and

dissolved, - 34 Q? JUL 2005 . followed by stirring at_the san?
t enper at BLETHHR 1SOMPRSLES t GUPPEPEr eWaSsoLBEFERULEH i nprBRRat FBALE Thi s
i npr egnat.i ng '

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

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

. about 16 hours to obtain Catalyst A.

Example 2

A powder of zeolite SHY having an S§i0Q,/Al,0, molar

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

diameter, 67 A).
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solution had a pH of 0.52. Into an eggplant type flask, 30.0 g of the
silica- alum na conposite support- was introduced. The whol e inpﬂdbﬁﬁ%ﬂﬁg
sol ution was added thereto with a pipet. The support was imrersed in the
solution at about 25C for 3 hours. Thereafter, the support was allowed to
dry in a nitrogen streamand then dried in a muffle furnace and in an air
stream at at nospheric pressure and at 120C for about 16 hours to obtain
Catal yst A Exanple 2 A powder of zeolite SHY having an Si Q2/ A 2G3 nol ar
ratio of 6 (average particle dianmeter, 3.5 Inn; 87%of all zeolite
particles was accounted for by ones having a particle dianeter of 6 pmor
smaller) was kne2@ed2fedet Her ofwi thnakyshaaghgddr weterThe7s €8ul gi ngfmi xture
~was extrusion- nolded and then cal cined at 600C for 2 hours to obtain a
zeol i t e- SP@RlARUEONPadSratesuppdrili h7t e o mrdrosphariigdr p€ad mbPe®ngs
having a dianeter of 1/16 inch (zeolite/alum na weight ratio, 7/93; pore
vol une, GIBEOUH /golablen}i wesgr faddedr efoldewedp /By “hoatage gt eto
- dianeter, 67 A%. 35. 0.7 JUL 2Q05 .To 20.3 f ion-excha eg water, 7.48 g
of “cobal 8016 EPflr BEATRABIITEY dOomidieihor PEDSERTRELYs AGubbud S5 ut i on)
were add%%1£%%Jﬁﬂg%%ﬂggi%eagégg qghéc)added thereto and dissolved,

followed by stirring at the same temperature for 15 minutes

to prepare a solution for impregnation. This impregnating

solution had a pH of 0.52.

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

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

about 16 hours to obtain Catalyst B.

Example 3

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

followed by stirring at the same temperature for 15 minutes
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80C and
nol ybdop
stirring

pipet. T

stirring for 10 m nutes. Subsequently, 11.41 g of

hosphoric acid was added thereto and dissol ved, foll owed0iyJUL 2005
at the same tenperature for 15 mnutes to prepare a solution for
i npregnation. This inpregnating solution had a pH of 0.52. Into an
eggpl ant type flask, 30.0 g of the zeolite- alum na conposite support was
i ntroduced. The whole inpregnating solution was added thereto with

he support was imersed in the solution at about 25C for 3

a
hour s.

Thereafter, the support was allowed to dry in a nitrogen stream and then
a muffle furnace and in an air streamat atnospheric gressure and

dried in-:

at 120C tor prapeute 16 $olursiarn O almprageiysen 8. Tdkmpleprregea

P

g of

i on-exchanged water, 7.91 g of cobaltous citrate and 1.12 g of phosphoric
aci d (85ﬁpl@qu@@u§a§oﬁupﬁoﬁf febé.added, followed by heating up to

stirring

was added t her et 3n46d a0 LIIRISNt §Y9¢ ofk@shy §9rprﬁn

80C and

for 10 m nutes. Subsequently, 14.50 g_of é%_gdophos horlc acid

t8 t RROSAhe

tenperature for 15 mnutes - 36 0 7(§#L ZOQ§1 are solu%lon for

|npregnaﬁlﬁmlnﬁnQ9WBﬁﬁ%£ﬁuﬂHHﬁ?§RﬂWhﬁ

AE4in | REGTRE

eggpl ant

LLPe L pRanmReRoafcdE?! | e AEhE %%’SP&’%&&E&’F’%%&EJMQJ ha4gs the

added thereto with a pipet. The support was immersed in-

the solution at about 25°C for 3 hours.

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

about 16 hours to obtain Catalyst C.

Example 4
To 22.2 g of ion-exchanged water, 3.40 g of cobalt
carbonate, 4.00 g of citric acid monohydrate and 1.46 g of
phosphoric acid (85% agueous solution) were added, followed
by heating up to 80°C and stirring for 10 minutes.
Subsequently,.12.91 g of molybdophosphoric acid was added
thereto and dissolved, followed by stirring at the same
temperature for 30 minutes to prepare a solution for
impregnation. This impregnating solution had a pH of 0.53.
'~ Into an eggplant type flask, 30.0 g of a zeolite-
alﬁmina composite support which was the same as in Example
2 was introduced. The whole impregnating solution was add

thereto with a pipet. The support was immersed in the

solution at about 25°C for 3 hours.
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a pipet. The support was immersed in the solution at about -25C f 8r7-dUL 200
hours. Thereafter, the support was allowed to dry in a nitrogen stream and
then dried in a muffle furnace and in an air stream at atnospheric
pressure and: at 120C for about 16 hours to obtain Catalyst C Exanple 4
To 22.2 g of ion-exchanged water, 3.40 g of cobalt carbonate, 4.00 g of
citric acid nonohydrate and 1.46 g of phosphoric acid (85% aqueous
solution) were added, followed by heating up to 80C and stirring for 10

m nutes. - Subsequently, 12.91 g of nol ybdophosphoric acid was added _
thereto and di ssTheedaffal) owhe yumbort | wgsataltlmveshneo tdrpeint e for 30
mnutes to prepare a solution for inpregnation. This inpregnating solution
had a pHhbtrOgésB. skreemamnegggiieantdigsk ihagkpuidle gushageze@wid tid al unmi na
conposite support which was the sane as in Exanple 2 was introduced. The

~whol e i npregiat | Breanutdton akreosaligrichapeessure h aadpi et 12MH€ fiport was

imersed in the solution at about 25C for_3 hours. - 37 Qr"JUL2005

Ther eaf t 8pouthé6shppspt taaebhplavedtaby®dryPin a nitrogen stream and then
dried in‘a muffle furnace and in an air stream at atnospheric pressure and
at 120C for about 16 hours . to obtain Catal yst D :

Example 5

‘To 21.6 g of ion-exchanged water, 3.40 g of cobalt
carbonate, 4.01 g of citric acid monohydrate, 9.43 g of
molybdenum trioxide and 2.09 g of phosphoric acid (85%
aqueous solution) were added, followed by heating up to
80°C and stirring for 30 minutes to prepare a solution for
impregnation. This impregnating solution had a pH of (.54.

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

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

about 16 hours to obtain Catalyst E.

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

aqueous solution), followed by heating up to 80°C and
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Example 5-To 21.6 g of ion-exchanged water, 3.40 g of cobalt carbonate,
4.01 g of citric acid nmonohydrate, 9.43 g of nolybdenum trioxi de0andUi 2005
g of phosphoric acid (85% aqueous sol ution) were -added, followed by
heating up to 80C and stirring for 30 mnutes to prepare a solution for
| npregnation. This inpregnating solution had a pH of 0.54. Into an eggpl ant
type flask, 30.0 g of a zeolite- alum na conposite support which was the
sane as in Exanple 2 was introduced. The whol e i npregnating sol uti on was
added thereto with a pipet. The support was inmmersed in the solution at
about 25C for 3 hours. Thereafter, the support was allowed to dry in a
ni t r ogen sitimedmeandd:hent @r iwthbates. nmuf fubdagumael yvnd ih. 1@n @i robtream at
at nospheric pressure and at 120C for about 16 hours to obtain Catal yst E.
Exanpl e’ Golylidphogphiorien- extangex] wdtled weheradtdednd 8digsodtedpbal t ous
citrate and 2. 19 g of phosphoric acid (85% aqueous solution), followed by
heati ng fpllowsChndti38®in@ atlwbhe2@@%e sempeiragufrer £00 Abnuirgtes
Subsequently, 13.10 g of nol ybdophosphoric acid was added thereto and
di ssol vedo nxppaged byotetiennfort impsegnpbionrpelhiar dmpsegnstiméutes to
prepare-a solution for i%ngg%a%Hon. This inpregnating solution had a pH
p = -

of -0.51. solution had a )

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

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

about 16 hours to obtain Catalyst F.

Example 7

To 19.8 g of ion-exchanged water, 7.92 g of
cobaltous citrate and 3.68 g of phosphoric acid (85%
aquecus solution) weie added, followed by heating up to
80°C and stirring for 10 minutes. Subsequently, 12.08 g of
molybdophosphoric acid was added thereto and dissolved,
followed by‘étirring at the same temperature for 15 minutes
to prepare a solution for impregnation. This impregnating
solution had a pH of 0.4§.

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

alumina composite support which was the same as in Example
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Into-an eggpl ant type flask, 30.0 g of a zeolite- alum na conposite support
which was the same as in Exanple 2 was introduced. The whol e i np8dgdbk 20§
solution was added thereto with a pipet. The support was i mersed in the
solution at about 25C for 3 hours. Thereafter, the support was allowed to
dry in a nitrogen streamand then dried in a nuffle furnace and in an air -
stream at at nospheric pressure and at 120C for about 16 hours to obtain
Catalyst F. Exanple 7 To 19.8 g of ion-exchanged water, 7.92 g of ,
cobaltous citrate and 3.68 g of phosphoric acid (85% aqueous sol ution)

wer e added, followed by heating up to 80C and stirring for 10 m nutes.

Subsequept lyas 12n@8cdueled .| y¥heoplipspaorinpragnt tiary addedeibar etas and

di ssolved, followed by-stirring at the sanme tenperature for 1-5 m nutes

t o prepas@dadsdnelriedd fwith nar gdpeati.on. THENi supperegrasi ngmessledt iion had a
pH of 0.4-5. Into an eggplant type flask, 30.0 g of a zeolite- alum na
conposi t eheuppdutivhi ab absuth25¥anons3 imwdeanple 39 - -- ------ -- -- 0
7 JUL 2005 2 was introduced. The whol e inpregnating solution was added

thereto with a prhereafber supber t swpsotr mwiasedal owede tool dXY oAnat2 about
25C for 3 hours. Thereafter, the support was allowed to dry in a
nitrogen stream and then dried in a muffle furnace and in

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

“about 16 hours to obtain Catalyst G.

Example 8
‘A support was prepared in the same manner as in
Example 1, except that an agqueous solution containing boric
acid was used in place of the silica. Thus, a boria-
alumina composite support in the form of cylindrical
moldings having a diameter of 1/16 inch was obtained
(boria/alumina weight ratio, 2/98; pore volume, 0.71 ml/g;
specific surface area, 363 m’/g; average pore diameter, 72
3.
To this composite support, . the whole of an
 impregnating solution which was the same as in Example 1
was added with a pipet. The support was immersed in the
solution at about 25°C for 3 hours.
- Thereafter, the support was allowed to dry in a
nitrogen stream and then dried in a muffle furnace and in
an air stream at atmospheric pressure and at 120°C for -

about 16 hours to obtain Catalyst H.
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nitrogen streamand then dried in a nuffle furnace:-and in _an .air _stream at
at nospheric pressure and at 120C for about 16 hours to obtain Cafal ydk 2065
Exanpl e 8 A support was prepared in the sane manner as in Example 1, ,
except that an aqueous solution containing boric acid was used in place of
the silica. Thus, a boria- alum na conposite support in the form of
cylindrical noldings having a dianeter of 1/16 inch was obtai ned
(boria/alum na weight ratio, 2/98; pore volume, 0.71 m/g; specific
surface area, 363 nR/g; average pore dianmeter, 72 A). To this conposite.
support,Exgdga |l e of an inpregnating solution which was the sane as in
Exanple 1 was added with a pipet. The support was imersed in the

sol ution at abouty 3RGd&F §fh%!é6§.it§h%@§£afﬁ§‘v‘in N8n S SRBO/AL YRS ngh bowed t o

dry in a nitrogen'streamand then dried in a nuf f'nace’an an air

stream atraii®OsPhesi ¢aPepssel @adtdcak WURr, ahaut SP4r get gr9btain
Catal yst H 40 _ 07JEL2005§ E?énple 9 A pomdef of’zedﬁ%ﬁe Skwsﬁagﬁgg an

Si 2/ Al2@otnltay paatiielels 6whavenagsuneedi cker digpeidies 3naviamg 84% of all
zeolite particles was accounted for by ones having a '
particle diameter of 6 um or smalier) was kneaded together

with alumina hydrate. The resuléing mixture was extrusion-
molded and then calcined at 600°C for 2 hours to obtain a
zeolite~alumina composite support in the form of
‘cylindrical moldings having a diameter of 1/16 inch
(zeolite/alumina weight ratio, 5/95; pore volume, 0.81
ml/qg; specific surface area, 383 m’/g; average pore
diameter, 81 &).

To 23.5 g of ion-exchanged water, 10.26 g of
cobaltous citrate and 2.24 g of phosphoric acid (85%
aqueous solution) were added, followed by heating up to
80°C and stirring for 10 minutes. Subsequently, 17.61 g of
molybdophosphoric acid was added thereto and dissolved,
followed by stirring at the same temperature for 15 minutes
£0 prepare a solution for impregnation. This impregnating
solution had a pH of 0.51.

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

. - alumina composite support was_ introduced. The whole
impregnating solution was added thereto with a pipet. The
support was immersed in the solution at about 25°C for 3

hours.

- 41 -




particle diameter of 6 pin or snaller) was kneaded together w th_ alum na
hydrate. The resulting m xture was extrusion- nolded and then cal @iTndli 205
600C for 2 hours to obtain a zeolite-alum na conposite support in the form
of cylindrical noldings having a dianeter of 1/16 inch (zeolite/alumna
wei ght ratio, 5/95; pore volune, 0.81. m/g; specific surface area, 383
nR/ g; average pore dianeter, 81 A). To 23.5 g of ion-exchanged water,
10.26 g of cobaltous citrate and 2.24 g of phosphoric acid (85% aqueous
solution) were added, followed by heating up to 80C and stirring for 10
m nut es. - Subsequently, 17.61 g of nolybdophosphoric acid was added thereto
and dissolved, frabkenedeby g rstgpoitt hassaakldwapetat udeyfdan 15 ni nutes
to prepare a solution for 1npregnation. This inpregnating solution had a
pH. of 0. hitrnen atregoplant thype drask, iR0a0mpfdilet Harnedd tand aluni na
conposi te support was_ introduced. The whole inpregnating solution was
added t hanet aiwi tdtmegm pet. dfimosphaipar t prassuneerased ah th0°€ol fefon at
about 25C for 3 hours. 41 p JUL 2005 Thereafter, the support was all owed
to dry i mbeuti thitodemrst teapbiadnt RetadysedIin a nuffle furnace and in an
air streamat atnospheric pressure and at 120C for about 16 hours to
obtain Catal yst 1. T -
Comparative Example 1
In 21.6 g of ion-exchanged water, 3.31 g of cobalt
carbonate, 11.41 g of molybdophosphoric acid and 1.17 g of
orthophosphoric acid were dissolved. Thus, a solution for
impregnation was prepared.
Into an eggplant type flask, 30.0 g of a y-alumina
support (pore volume, 0.69 ml/g; specific surface area, 364
m?’/g; average pbre diameter, 64 i) was introduced. The
whole impregnating solution was added thereto with a pipet.
The support was immersed in the solution at about 25°C for
1 hour.
Thereafter, the support was allowed to dry in a
nitrogen stream, subsequently dried in a muffle furnace and
'in an air stream at atmospheric pressure and at 120°C for
about 1 hour, and then calcined at 500°C for 4 hours to

obtain Catalyst a.

Comparative Example 2
To 20.2 g of ion-exchanged water, -7.45 g of
"cobaltous citrate and 1.17 g of phosphoric acid (85%

aqueous solution) were added, followed by heating up to
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" Conparative Exanple 1 In 21.6 g of ion-exchanged water, 3.31 g of cobalt
carbonate, 11.41 g of nol ybdophosphoric acid and 1.17 g of ortho%ﬂdgﬂhgmﬁc
acid were dissolved. Thus, a solution for inpregnation was prepared. Into
an eggplant type flask, 30.0 g of a y-alum na support (pore volune, 0.69
m/g; specific surface area, 364 n(err)/g; average pore dianeter, 64 A
was introduced. The whole inpregnating solution was added thereto with a
pi pet. The support was imrersed in the solution at about 25C for 1 hour.
Thereafter, the support was allowed to dry in a nitrogen stream
'subsequently dried in a muffle furnace and in an air stream at atnospheric
pressur e g1id ahdl2@Gridng dbeutldlmioutesandStheaquantivedlht45000for 4
hours to obtain Catalyst a. Conparative Exanple 2 To 20.2 g of
i on- exchangetbdattersphori4s gedd washaleddes cthesekoarfndl, @lSQOéVeﬁhosphorlc
acid (85% aqueous solution) were added, followed by heating up - 42 0
7 JUL 200p1lR3p@dhy sttiimnimg fedr the miamet &EmpsyBdeggedrry 151@1&Tt650f
nol ybdophosphoric acid was added t hereto and di ssolved, followed by
stirring &R RIRPagATER HEriaIufer dMPreaRatdc®s to prepare a solution for

i npregnation. In n | an fl f |
pregnatio t%t% aex(i:]g ggpiartl Eypea%liasio %Og g & %eo Izeollte-

alumina composite support which was the same as in Example
2 was introduced. The whole impregnating solution was
added thereto with a pipet. The support was immersed in
the solution at about 25°C for 3 hours.

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

obtain Catalyst b.

Comparative Example 3

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

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

m’/g; average pore diameter, 72 ) was introduced._ The
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al um na conposite support which was the sanme as in Exanple 2 was

I ntroduced. The whol e inpregnating solution was added thereto wi- 174Uk 2005

pi pet. The support was imersed in the solution at about 25C for 3 hours.

Thereafter, the support was allowed to dry in a nitrogen stream

subsequently dried in a nuffle furnace and in an air stream at atnospheric

pressure and at 120C for about 1 hour, and then calcined at 500C for 4

hours to obtain Catalyst b. Conparative Exanple 3 To 30.0 g of

i on- exchanged water, 2.61 g of cobalt carbonate; 6.14 g of citric acid

~ nonohydrate, 6.41 g of nolybdenumtrioxide and 2.77 g of phosphoric acid
(85% aqudmis sigipns oratiwer ecdddden maseieddeflolichewegobyikbaki RgPelp to 80C

and stirring for 30 mnutes to prepare a solution for inpregnation. This

i mpr egnatThey seppeibrwaadinsepsedf 10. he patvtiAneggpledentt v5eCf £9%k, 30.0

g of a y-alumna support (pore volune, 0.61 m/g; specjfic surface area,

240 npl ¢t BeBFage Bor thataretng, theppxgess nippRaERtiagkhesolugiony 7 jyL

2005 whol e inpregnating solutjon was added thereto wﬁthn%. ige%F The

support VEEMAHIRG sé itha neIEBl Rt ohYRE PGtk 2¥ETRERT 1 SaE TRk nghat

time, the, excess inpr ating solution remained in the eggplant type flask
wi t hout :i %9 tl?%‘f‘?%gﬁei%}f% %%?%%rtof t he support. -

Thereafter, the support was allowed to dry in a’

nitrogen stream and then dried in a muffle furnace and in
an air stream at atmospheric pressure and at 120°C for

about 16 hours to obtain Catalyst c.

Comparative Example 4

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

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

Thereafter, the support was allowed to dry in a

nitrogen stream and then dried in a muffle furnace and in
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Thereafter, the support was allowed to dry in a nitrogen stream.and then
dried in a nuffle furnace and in an air stream at atnospheric prEé%épbzgﬁd
at 120C for about 16 hours to obtain Catalyst c. Conparative Exanple 4 To
19.3 g of ion-exchanged water, 8.28 g of <cobaltous citrate and 5.76 g of
phosphoric acid (85% aqueous solution) were added, followed by heating up
to 80C and stirring for 10 m nutes. Subsequently, 12.64 g of

nol ybdophosphoric acid was added thereto and di ssol ved, followed by
stirring at the same tenperature for 15 mnutes to prepare a solution for
i mpregnation. This inpregnating solution had a pH of 0.46. Into an

eggpl antatypa.rf | askeaf0.4k gadthoapheolct predaurienaandnposi 1@ 08GpEonrt whi ch
was the same as in Exanple 2 was introduced. The whol e i npregnating

sol uti onabast hédedutsetetcbwaim Catpdlyst dihe 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 nuffle furnace and in 44 0O
7 JUL 2005 an air stream at_atnospheric pressure and at 120C for about 16
hour s t oCeBparattaeafyarple 5 Conparative Exanple 5 To 22.6 g of '

i on-exchanged water, 3. 31 of cobalt carbonate and_1.17 of osphori c
acid (85@6gqueod§° 22.6 g %f ion-exchanged water, 3.3% g é% co glt P

. carbonate and 1.17 g of phosphoric acid (85% aqueous
solution) were added, followed by heating up to 80°C and
stirring for 10 minutes. Subsequently, 11.41 g of
molybdophosphoric acid was added thereto and dissolved,
followed by stirring at the same temperaturé for 15 minutes
to prepare a solution for impregnation. This impregnating
solution had a pH of 0.54.

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

. Example 2 was introduced. The whole impregnating solution
was added thereto with a pipet. The support was immersed
in the solution at about 25°C for 3 hours.

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

Comparative Example 6

To 20.5 g of ion-éxchanged water, 7.27 g of

cobaltous citrate was added, followed by heating up to 80°C

and stirring for 10 minutes. Subsequently, 11.10 g of
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‘solution) were added, followed by heating up to 80C and stirring for 10

" minutes. Subsequently, 11.41 g of ol ybdophosphoric acid -was add@d ¢¥e2@o
and di ssolved, followed by stirring at the same tenperature for 15 mnutes
to prepare a solution for inpregnation. This inpregnating solution had a
pH of 0.54. Into an eggplant type flask, 30.0 g of a sane zeolite-alumna
conposite support which was the sane as in Exanple 2 was introduced. The
whol e i npregnating solution was added thereto with a pipet. The support
was imrersed in the solution at about 25C for 3 hours. Thereafter, the
support was allowed to dry in a nitrogen streamand then dried in a nuffle
furnace awdybdophwsaphoritr earidt wasnoadledi ctipsssisar ananddassd2O€d | or

about 16 hours to obtain Catalyst e. Conparative Exanple 6 To 20.5 g of

i on- exchdwddowesl by, stizziggokt tbbabtmastempeattunasfaddil, miohtesed by
heating up to 80C and stirring for 10 m nutes. Subsequently, 11.10 g of

45 0 7 YO poamrad yebphbephtey civpregnatiaddedThher émpragdatisgol ved

- followed by stirring at the sane tenperature for 15 mnutes to prepare a

- sol uti on SPMGLGEY @ ®H8. oFhils 78rpregnating solution had a pH of 0.78.

Into an eggpl ant _type flask, 30.0 g of a_zeolite- alum na conposite support
whi ch was the saﬁ§¥QSQQ1QS&£ﬁﬂQ¥ type flask, 30.0 g of a Zeolite-

alumina composite support which was the same as in Example
2 was introduced. The whole iﬁpregnating ‘'solution was
added thereto with a pipet. The support was immersed in
~the solution at about 25°C for 3 hours.

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

The catalysts obtained in Examples and Comparative
Examples described above were subjected to elemental
analysis and property examinations. The found values
obtained are shown in Table 1.

The methods and analytical instruments used for the

catalyst analyses are shown below.

1. Analysis for Physical Properties
* Sﬁécific surface area was measured by the BET
'method, which is based on nitrogen adsorption.
As af-nitrogen adsorption apparatus was used a
surface area-measuring apparatus (Belsorp 28) manufactured

by Bell Japan Corp.).
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2 was introduced. The whol e inpregnating 'solution was added thereto with
a pipet. The support was imersed in the solution at about 25C f 87 JUL 2009
hours. Thereafter, the support was allowed to dry in a nitrogen stream and
then dried in a muffle furnace and in an air stream at atnospheric
pressure and at 120C for about 16 hours to obtain Catalyst f. The
catal ysts obtained in Exanpl es and Conparative Exanples described above
were subjected to elenmental analysis and property exam nations. The found
val ues obtained are shown in Table 1. The nethods and anal yti cal
i nstruments used for the catalyst anal yses are shown below. 1. Analysis
for Physical Properties Specific surface area was neasured by the BET
nmet hod, which is based on nitrogen adsorption. As a- nitrogen adsorption
appar at ug was us®dre winmEce avecageaporendiampaeat, usandBebens ps28e
manuf actured by Bell Japan Corp.). 46 p'7 JUL 2005 * Pore vol une,
aver age pdrsdrdibabdosr | wand pieremnizedi byr i buei ererwey dpeaefiraediohy t he
mercury penetration method. As an apparatus for nercury penetration was
used a PR&tdSG%ret er (M CROVERI Tl CSAUTO- PORE 9200; nmanufactured by Shi madzu
Corp.). As an apparatus for merqury penetration was used a
porosimeter (MICROMERITICSAUTO-PORE 9200; manufactured by
Shimadzu Corp.).

Measurement was made after the sample was heated at

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

* The number of molybdenum disulfide laminating
layers was determined with a transmission lelectron
microscope (TEM). (trade name "JEM-2010" manufactured by
JEOL Ltd.) in the following manner.
1) A catalyst was packed into a flow-through type
reaction tube. The catalyst packed was held at room
temperature in a nitrogen stream for 5 minutes, and the
surrounding gas was replaced with a mixture of H,S (5 vol$%)
and H,. The catalyst was heated at a rate of 5 °C/min.
After the catalyst temperature reached 400°C, the catalyst
was held for 1 hour and then cooled to 200°C in that
' atmosgpere. Subsequently, the sﬁrrounding‘gas was replaced
with nitrogen and the catalyst was cooled to room
temperature to complete sulfidation. -
2) The catalyst thus sulfided was pulverized with an

agate mortar,

- 47 -




Measurenent was made after the sanple was heated at 400C for 1 hour under
vacuumto renove vol atiles therefrom * The nunber of nol ybdenumldt dUi-12e
lam nating |ayers was deternmned with a transnmi ssion.electron m croscope
(TEM (trade nane "JEM 2010" nanufactured by JEOL Ltd.) in the follow ng
manner-. 1) A catalyst was packed into a flowthrough type reaction tube.
The catal yst packed was held at room tenperature in a nitrogen streamfor
5 mnutes, and the surrounding gas was replaced with a m xture of H2S (5
volt) and H2. The catal yst was heated at a rate of 5 Cmn. After the
catal yst -tenperature reached 400C, the catalyst was held for 1 hour and

then cool 2§l to 2MCsnalilhapor8iBRSARET &heSURSRAUGRE! Ypulher SEd Oy ng gas
was replaced wth nitrogen and the catal yst was cooled to room
t enper at vl espersedpiet &cstibie dati on. 2) The catal yst thus sul fided was
pul verized with an agate nortar. 47 0 7 JUL 2005 3) A small portion of
the catal 4kt pul VEhé zedermitilngpessegensianet angs 4drdhised eSbhtong a
suspensi on was dropped onto a- nmicrogrid and dried at roomtenperature to
obtai n a Ba@PpPeridsandhdrsedmite neasn setmper 4 terextaniokatdion padmpdfe .t he TEM
and exam ned at an accelerating voltage of 200 kV. The direct
magni fi cat} on wasTB®OSBOD1e WABt 6%, andtli¢ vexambhatsion part of the
TEM and examined at an accelerating voltage of 200 kv. The
direct magnification was 200,000 diameters, and five fields
of view were examined.
6) Each photograph was enlarged so as to result in a
magnification of 2,000,000 diameters (size: 16.8 .cm x 16.8
cm) . The number of the molybdenum disulfide laminated
layers visually recognized on the photograph was counted
and the in-plane-direction length of +the layers was

measured.

2. Analysis of Catalyst for Carbon Content

A carbon content was detérmined.‘with Yanako CHN
Corder MT-5 (manufactured by Yanagimoto Seisakusho).

The method of analysis is as follows.
(1) A catalyst is powdered with an agate mortar.
(2) The powdered catalyst (7 mg) is pléced on a
platinum boat, which is put in a burning oven. _ )

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

- (4) The combustiqn gas generated is introduced into a

differential thermal-conductivity meter to determine the

amount of carbon contained in the catalyst.
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of view were exam ned. 6) Each photograph was enlarged so as to result in a
magni fication of 2,000,000 dianeters (size: 16.8 cmx 16.8 cn). OeJuurBr
of the nol ybdenum di sul fi de |ani nat ed layers visually recognized on the :
phot ograph was counted and the in-plane-direction |ength of the layers was
measured. 2. Analysis of Catalyst for Carbon Content A carbon content was
determ ned with Yanako CHN Corder MI-5 (manufactured by Yanagi noto

Sei sakusho). The nmethod of analysis is as follows. (1) A cat al yst S

powder ed wi t hran agarg mpriar- (ltZ) The powteredcatalrysit g)] i s placed
on a platinum bjoat, .ghi ¢h iis|put iin p Qurhing oven. |(3 “h-e catalyst is
cal cined at 950Q Aﬁu‘(@e conbusti gn gay gengrated i $ intnoduced into a
differential fhefr ¥ Juclti yitly reter {t of det efmne the anmpunt of carbon
contained i n {he gatthflyst % 48| o3| 2005 o 2+ Rl UND| .14 |wWlei v mco
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Hydrotreating Reaction of Straight-Run Gas 0il:

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

First, the catalyst was packed into a high-pressure
flow-through type reactor to form a fixed-bed catalyst
1ayér. This catalyst was pretreated under the following
conditions.

‘Subsequently, a 'fluid mixture which consisted of
the feedstock o0il and a hydrogen-containing gas and had
been heated to the reaction temperature was introduced
through an upper part of the reactor to alldw 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, énd the

product oil was separated with a gas/liquid separator.

Sulfidation of Catalyst:

Each catalyst was subjected to liquid sulfidation

with the feedstock oil.

Pressure (hydrogen partial pressure): 4.9 MPa
Atmosphere:
Hydrogen and the feedstock o0il (liquid hourly
épace velocity, 1.5 hr™; hydrogen/oil ratio,

200 n’ (normal)/kl)
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X Hronoromw m :

Temperature:
Introduction of hydrogen and the feedstock
0il at about 22°C, heating at a rate of 20
°C/hr, holding at 300°C for 24 hr, and
subsequent heating to the reactipn
temperature, i.e., 350°C, at a rate of 20

°C/hr

‘Hydrotreating Reaction Conditions:
'Reaction temperature: 350°C
Pressure (hydrogen partial pressure): 4.9 MPa
Liguid hourly space velocity: 1.5 hr™

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

Properties of Feedstock Qil:
Kind of oil:
straight-run gas o0il from Middle East crude
Density (15/4°C): 0.8609
Distillation characteristics:
Initial distillation point of 211.5°C, 50%
point of 314.0°C, 90% point of 365.0°C, end
point of-383.§°c T -
Sulfur content: 1.37 wt%
‘Nitrogen content: 210 wt ppm
Dynamic viscosity (@ 30°C): 6.570 ¢St

Pour point: 5.0°C
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u 49 _ 07JUL2005 Hydrotreating Reaction of Straight-Run Gas Ol: Using
catalysts Ato | and a to f prepared in the Exanples and Corrpar_aﬂﬂvém-m
Exanpl es given above, a straight- run gas oil having the properties shown
bel ow was hydrotreated according to the follow ng procedure. First, the
catal yst was packed into a high-pressure flowthrough type reactor to form
a fixed-bed catalyst layer. This catalyst was pretreated under the
following conditions. Subsequently, a fluid m xture which consisted of

the feedstock oil and a hydrogen-contai ning gas and had been heated to the
reaction tenperature was introduced through an upper part of the reactor
to allow a hydrelswhtpoiht €agio°en to proceed under the foll ow ng
conditions. A fluid mxture of a product oil and gases was - di scharged
through a | ower Qeitdnefiddex s epti%Hr, and the product oil was separated
with a gas/liquid separator. Sulfidation of Catal yst: Each catal yst was
subjected to |i cgaybsii faaasron-1M th the feedstock oil. Pressure (hydrogen
partial pressure): 4.9 MPa Atnosphere: Hydrogen and the feedstock oi
(liquid hourly space velocity, 1.5 hr'; hydrogen/oil ratio,

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

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

properties. The results obtained are shown in Table 4.

1. Degree of Desulfurization (HDS) (%)

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

using the following equation.

2. Desulfurization Reaction Rate Constant (Ks):

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

- desulfurization reaction rate constant (Ks). -

Also, the higher the reaction rate constant, the

more excellent the catalytic activity.
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- 200 mB-(normal)/kl) 50 0 7 JUL 2005 Tenperature: |ntroduction of _hydr n
and the feedstock oil at about 22C, heating at a rate of 20 C]hOJ %ﬁkgaﬁg
at 300C for 24 hr, and subsequent heating to the reaction tenperature,
i.e., 350C, at a rate of 20 C/ hr Hydrotreating Reaction Conditions:
Reaction tenperature: 350C Pressure (hydrogen partial pressure): 4.9 MPa
Liquid hourly space velocity: 1.5 hr-' Hydrogen/oil ratio: 200 nB
(normal )/ kl Properties of Feedstock Gl: Kind of oil: straight-run gas oi
fromMddl e East crude Density (15/4C): 0.8609 Distillation
characteristics: Initial distillation point of 211.5C, 50% point of

314. 0C, 90% poi nt of 365.0C, end point of 383.5C Sulfur content: 1.37 w%
Ni trogen content: 210 w ppm Dynanic viscosity (@30C): 6.570 cSt Pour
point: 5.0C Degree of desulfurization (%) = [(Sf-Sp)/Sf] x 100

Desulfurization reaction rate constant

= [1/(sSp)'**-1/(8f)'* '] x (LHSV)

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

"Specific activity (%)

= ((each desulfurization reaction rate constant)/

' (desulfurization reaction rate constant of
comparative Catalyst a)) x 100
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51 0 7 JUL 2005 doud point: 6.0C Cetane index: 54.5 Saybolt color: -
The results of the reaction were analyzed by the follow ng net hoﬂ?ﬁﬁbm
react or was operated at 350C. Six days thereafter, the product oil was
sanpl ed and anal yzed for properties. The results obtained are shown in
Table 4. 1. Degree of Desul furization (HDS) (% The proportion of sulfur
conpounds whi ch have disappeared fromthe feedstock oil through conversion
“to hydrogen sulfide by desul furization reaction is defined as the degree
of desulfurization. The degree of desulfurization was cal culated fromthe
anal ytical values of sulfur conteﬁébiéwzthe feedstock oil and product oi

usi ng t pe—foeHowrmg—equat-ron—2—Dbeswiur-zati-on—Reacti-on—RateConst ant
(Ks): The rate cgnstant of aHﬁﬁQ¥%muéﬁmm¢ﬁﬂﬂuﬂe4y3&%‘3the 1.3rd ofder of
(5o 1 o CAR RN RE  has ot Bat Pr L PSS Rehe readt | Gwacita oo st i oA K S0,
the higher the reaggy@naéﬁge corf3enRHHtant he ﬁﬁﬁéﬂéﬁébllenkwgh Bofgtal ytic
activity—s52—=06 JUE—2005

A 18.12 166 13

B 47 20.42 | 187 2

C 48 20.20 185 2

D 40 21.62 198 1

E 39 21.84 200 1

F 44 20.92 192 1

G 26 15.62 143 2

H 56 19.14 175 6

I 18 28.75 263 0

a 232 10.92 100 53

b 138 13.54 124 34

c 262 10.36 95 67

d 211 11.36 104 3

e 311 9.62 88 50

£ 166 12.56 115 7

As is apparent from  Table 2, ultra-deep
desulfurization to a sulfur content of 100 weight ppm or
below can be easily attained with Catalysts A to I produced
by the process of the present invention.

Fig. 1 shows a transmission electron micrograph of
catalyst B. The black fringes in Fig. 1 indicate ldyers of -
molybdenum disulfide.

Hydrotreating Reaction of Vacuum Distillation Gas 0il:

- K4 -




De ree of desul furization [ (Sf- Sp)/Sf] X 100 Desul furi zation reaction rate-
cogstant [1/(Sp)1.3-1_1/(Sf)1.3-"] x (LHSV) wherein Sf: sul fur cBrit dut 2005
feedstock oil (w% - Sp: sulfur content in product oil (w9% LHSV: liquid
hourly space velocity (hr-") Specific activity (% ((each desulfurization
reaction.rate constant)/ (desulfurization reaction rate constant of
conparative Catalyst a)) x 100 - 53 p 7 JUL 2005 Table 2 Reaction
tenperature, 350C Catalyst Sulfur Rate Specific Nitrogen content constant
activity content (wt ppm (wt ppm A 65 18.12 166 13 B 47 20.42 187 2 C
48 20.20.185 2 D 40 21.62 198 1 E 39 21.84 200 1 F 44 20.92 192 1 G 96
15.62 143 2 H 56'3n94Catalysts Agapd, 7 pepared 232Exemp2e1d0 BBl -

Comparative Example 1, respectively, a vacuum distillation
gas o0il having the properties shown below was hydrotreated
according to the following procedure.

First, the catalyst was packed into a hlgh-pressure
flow—through type reactor to form a fixed- bed catalyst
layer. The catalyst was pretreated under the following
conditions. '
| Subsequently, a fluid mixture which consisted of
the feedstock o0il and a hydrogen-containing gas and had
been heated to the reaction temperature was introduced
through an upper part of the reactor to allow hydrotreating
reactions including desulfurization reaction and cracking
reaction to proceed under the following conditions (The
reactor was operated first in the desulfurization mode and
then in the mild hydrocracking mode). A fluid mixture of a
product-oil and gases was discharged through a lower part
of the reactor, and the product oil was separated with a -

gas/liquid separator.

Catalyst pretreatment conditions:
Pressure (hydrogen partial pressufe): 4.9 MPa
Sulfiding agent: )

The feedstock oil used in the "“Hydrotreating

reaction of straight-run gas oil" described
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b 138 13.54 124 34 ¢ 262 10.36 95 67 d 211 11.36 104 3 e 311.9.62 88 50
f 166 12.56 115 7 As is apparent from Table 2, ultra-deep desul fOrfi dbk 208
to a sul fur content of 100 wei ght ppmor below can be easily attained with.
Catalysts Ato | produced by the process of the present invention. Fig. 1
shows a transm ssion el ectron m crograph of catalyst B. The- black fringes
in Fig. 1 indicate |ayers of - nolybdenum di sul fide. Hydrotreating Reaction
-of Vacuum Distillation Gas Ol: - 54 0 7 JUL 2005 Using Catalysts A and

a prepared in Exanple 1 and Conparative Exanple 1, respectively, a vacuum
distillation gas oil having the properties shown bel ow was hydrotreated

according to the foll owbagrep(eeedigdt-FunSgast Be1c&ralyat quas pasked into a
hi gh-pressure flowthrough type reactor to forma fixed-bed catal yst

| ayer. The catal yst wasrpdetyr eated under the following conditions.
Subsequently, a fluid m xture which consisted of the feedstock oil and a
hydr ogen- cont ai niTegnpgasatanxek :thad been heated to the reaction tenperature
was introduced through an upper part of the reactor to allow hydrotreating
Stepwise heating consisting of 1.5 hr holding -
- at 290°C and subsequent 15 hr holding at

320°C (heating rate, 25 °C/hr)

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

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

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

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

Properties of feedstock oil: -
Kind of oil:
) vacuum distillation gas o0il from Arabian
Light

Specific gravity (15/4°C): 0.9185
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reactions including desul furization reaction and cracking reaction to
proceed under the followi ng conditions (The reactor was oper-at ed0fti d¥k 208
t he desul furization node and then in the mld hydrocracking node). A fluid
m xture of a product oil and gases was di scharged through a | ower part of
‘the reactor, and the product oil was separated with a gas/liquid
separator. Catalyst pretreatnent conditions: Pressure (hydrogen parti al
pressure): 4.9 MPa  Sulfiding agent: The feedstock oil used in the
"Hydrotreating reaction of straight-run gas oil" described - 55 0 7 JUL

2005 above (stragi.ght-trun.gas oil fromM ddl e East crude) Tenperature:
St epwi se heat i ngﬁ(’:gg%#éﬁgﬁgnof’gﬂgcﬁ?rﬁBFEIF?@ at 290C and subsequent 15 hr

reaction (desul furi zat FOACLBher s TohAbVEY: PRERE (P one farbarartiie: 3600
Vel oci ty: 0 66 nr- 1 HHAEB5eRToTtoF 4 o b A e Y BRA T ons for
cracking reaction (ml gogﬁgcgkngﬁgpgdr@ti on :

Sulfur content: 2.45 wt% )

Nitrogen content: 0.065 wt% -

Pour point: 35°C

Asphaltene: <100 ppm

Aniline point: 82°C

Desulfurization activity was measured by the .
following method.-

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

| Cracking activity was analyzed by the following
'method.

| After completion of  the evaluation of

- desulfurization activity, the reaction temperature -was

elevated to 400°C _and ‘the reactor was operated at this

temperature. At the time when 3 days had passed, the

product oil was sampled and analyzed for properties. The

results obtained are shown in Table 3.
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node): Reaction tenperature: 400C Pressure (hydrogen partial pressure): 4.9
MPa Liquid hourly space velocity: 0.66 hr-1 Hydrogen/oil r-ati o: 0560
(normal )/ kl Properties of feedstock oil: Kind of oil: vacuumdistillation
gas oil from Arabian Light Specific gravity (15/4C): 0.9185 - 56 0 7 JUL
2005 Distillation characteristics: Initial distillation point of 349.0C,
50% point of 449.0C, 90% point of 529.0C, end point of 566.0C Sul fur
content: 2.45 wt% N trogen content: 0.065 wt% Pour point: 35C

Asphal tene: <100 ppm Aniline point: 82C Desul furization activity was
measured-by the followi ng nethod. The reactor was operated at 360C. At the
time when 5 days had passed, the product oil was sanpled and analyzed for
properties (degree of desulfurization (HDS) (9%, desulfurization reaction
rate (Ks),. dedgrepeciff iccacking (HYC) (%)

The degree of hydrocracking for the catalyst ié
shown in terms of the proportion of the fractions of 343°C
and lower in all fractions of the product oil which are
obtained by gas chrométography distillation in accordance
with ASTM D2887. The higher the cracking activity of the
catalyst, the higher +the proportion of the gas o0il

fractions of 343°C or lover.

2. Cracking reaction rate constant (Kc)

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

The higher the reaction rate constant, the more

excellent the catalytic activity.

Degree of cracking (%)
= [(amount of fractions of 343°C
and lower in product oil)
/ (amount of all fractions of product o0il)] x 100

Cracking reaction rate constant
= - (LHSV)'1ln[(1-(degree of cracking))/100]
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- activity (9%9) in the sanme manners as in the "Hydrotreating. reaction. of
straight-run gas oil" described above. Cracking activity was anal §ZedUipy0dd
the following nethod. After conpletion of the eval uation of ‘ o
desul furization activity, the reaction tenperature -was elevated to 400C
and the reactor was operated at this tenperature. At the tine when 3 days
had passed, the product oil was sanpled and anal yzed for properties. The
results obtained are shown in Table 3. - 57 07 JULZWb 1. Degree of
cracking (HYC) (o) The degree of hydrocracking for the catalyst is shown
in ternms.of the 1,0 gactions of 343C and lower in al
fractions of thegégggﬁ% %?ﬁiﬁ%th[a e obtained by gas chronmat ography
distillation in Actoedehceragking ASTasDREB7ratiecmgbhart} he cracki ng
activity of the cat@lyslind NedWONG A1 RRAHORof the gas oil
fractions of 343C or lower.” 2. Cracking reaction rate constant (Kc) The
rate constant of SOFREEAEANS: CoHaMPENSYilvEsIOPhe first order of reaction
with respect to the degree of <cracking is taken as the cracking reaction
rate constant (Kc). The higher the reaction rate constant, the nore
excellent the catalytic activity. Table 3

Catalyst © A a
Product o0il sulfur content (wt%) 0.056 0.108
Degree of desulfurization (%) 97.7 95.6
Desulfurization rate constant _ 4.74 3.18
Desulfurization specific activity (%) 149 100
Degree of cracking (%) 29.6 - 26.4
Cracking rate constant 0.232 0.202
Specific activity in cracking (%) 114 100

Furthermore, Catalysts D and a were subjected to a
catalet life test under the following reaction conditions.
The results obtained are shown in Fig. 2. In Fig. 2, the
large solid sqguares indicate the results for Catalyst D and
the large solid lozenges indicate the results for Catalyst

a.

Reéction Conditions:
Reaction temperature:
- Temperature required for 50 ppm -
Pressure (hydrogen pgrtial pressure): 4.9 MPa
Liguid hourly space vélocity: 1.3 hr!

Hydrogen/oil ratio: 200 m’ (normal)/kl
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Degree .of. cracking (% [(anmount of fractions of 343C and |ower in product
oil) /(amount of all fractions of product oil)] x 100 Cracking'rﬂabﬁvbﬁuﬁ
rate constant = -(LHSV)In[(1-(degree of cracking))/100] 58 0 7 JUL 2005
- Specific activity (% [(each cracking reaction rate constant) /(cracking
reaction rate constant of conparative catalyst a)] x 100 Table 3 Catal yst
A a Product oil sulfur content (wt% 0.056 0.108 Degree of

desul furization (% 97.7 95.6 Desulfurization rate constant 4.74 3.18
Desul furization specific activity (% 149 100 Degree of cracking (%9 29.6
26.4 Cracking rate_constant 0.232 0.202, Specific activity in_cracking (%
114 100 Further mbPeFigat 4k yEbs pbgrdsgavdpdigabpectbe pvnbercaf ikt |ife
test under the fol]ow ng reaction conditions. , The results obtained are

shown | nPRE§Ing. |dp¥S g. (PaY$he apdr gdhsol iFrdaddces 1ndicakes t heh®esul ts

f or lyst Dand the large solid ] ozenges indicate the results for
Cgtafigﬁt Qpera%ure JlC) réﬁufred gor the proguct 0oil to %ave a

sulfur concentration of 50 weight ppm. Fig. 2 shows the

following. 1In the reaction using catalyst D according to .
‘the present invéntion, temperatures around 345°C were

sufficient throughout the 2-month o0il passing. 1In contrast,
in the case of'bomparative Catalyst a, a temperature above

360°C was required already on the first day of oil passing

and a -temperature as hiqh as above 365°C came to be

required after about 2 months.

As apparent from the results given above, the
catalysts according to the present invention had highly
excellent activity and an exceedingly long life when used
in the desulfurization reaction and denitrification
reaction of gas o0ils in the ultra-deep desulfurization
region under almost the same conditions, e.g., hydrogen
‘partial pressure and reaction temperature, as in the case

of the gas 0il hydrotreating processes heretofore in use.

INDUSTRIAL APPLICABILITY
As described above in detail, according to the
present invention, the following effects c;n be obtained.
- 1) The catalyst has high desulfurization and
denitrification activity and is hence effective in greatly

reducing the sulfur and nitrogen contents in gas oils.
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Reaction Conditions: Reaction tenperature: Tenperature reqU|red for SOmﬁgnr
Pressure (hydrogen partial pressure): 4.9 MPa Liquid hourly spa

velocity: 1.3 hr' Hydrogen/oil ratio: 200 M (normal)/kl, - 59 0 7 JUL
2005 In Fig. 2, the abscissa indicates the nunber of oil passing days
(days) and the ordinate indicates the tenperature (C) required for the
product oil to have a sulfur concentration of 50 weight ppm Fig. 2 shows
the following. In the reaction using catalyst D according to the present

i nvention, tenperatures around 345C were sufficient throughout the 2-nonth
oil passing. In contrast, in the case of conparative Catalyst a, a
tenperat@e abovima0C whe r egume ed wdacadh oncbhditipas dagsof ioi |
passing and a tenperature as high as above 365C cane to be required after
about 2 mmpdutdisreafsimpporentéséeonhéhetofsnét $ngusen calnoves demEloyst.al ysts
according to the present invention had highly excellent activity and an
exceedi rgpységrently e wWopanses ihendieofdesul fior i raei opaneabe i oksethd
denitrification reaction of gas oils in the ultra-deep desul furization
‘regi on uwifehout neces Hitt abirg conepns tierakle nodiikeafedPn parti al pressure

~and reaction.tenperature, as _in the case_ of the gas oil hydrotreating
‘processeé3 her et dF ored s nQide base reduced in sulfur content -and

nitrogen content can be easily supplied.
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| NDUSTRI AL APPLI CABI LI TY As described above in detail, accor ding to the
present invention, the follow ng effects can be obtalned ~(1) The ?F}%|¥%hﬁ
has hi gh desul furization and denitrification actlvrty and i s hence
effective in greatly reducing the sulfur and nitrogen contents in-gas

oils. 60 O 7 JUL 2005 (2) Alnost the sane reaction conditions as in
hydrotreating processes heretofore in use can be enployed. Consequently,
apparatus heretofore in use can be used w thout necessitating a

consi derabl e nodification. (3) A gas oil base reduced in sul fur content and
nitrogen content can be easily supplied. - 61 O7 JUL 2005 CLAIMS 1. A
catal yst for hydrotreating gas oHc conpri ses an inorgani c oxide
support having provided thereon: At ast one selected fromnetals in the
Goup 6 of the periodic table at from10 to 30% by wei ght, at |east one
selected fromnetals in the Group 8 of the periodic table at from1 to 15%

(t;)r/ wei ght, phosphor ys @gtg%ﬁ ﬁgﬁ-mﬁ EQH% %[I_Q nbon derjved from
ganic acid at from oby melg eac terns of ‘a respectlve
oxi de ag®mMplibBageda@" inorganic oxide support having provided
_thereon: :
~at least one selected from metals in the Group 6 of
the periodic table at from 10 to 30% by weight,
at least one selected from metals in the Group 8 of
the periodic table at from 1 to 15% by weight,
' phosphorus at from 1.5 to 6% by weight, and

carbon derived from organic acid at from 2 to 14% by weight,

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

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

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

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

molybdenum or tungsten.

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

molybdenum.
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the catal yst, wherein the catalyst has a specific surface area of
to 300 n2/g, a pore volume of from0.35 to 0.6 n1/g,_andjan“averﬁdb496 ,
~diameter of about from65 to 95 AL 2. The catal yst according to claiml1,

wher ei n

nmol ybdenum or tungsten.

the at |east one selected fromnetals in the Goup 6 is

JUL 2005 4. The catal yst according to claim 3, wherein nol ybdenum

di sul fide layers observed through a transni ssion

3. The catal yst according to claim1, wherein the
at |l east one selected fromnetals in the Goup 6 is nolybdenum - 62 0 7

presul fiding have an average |amnating |layer nunber of 2.5 to 5. 5. The
catal yst accordi ag t vhel acamtS1pst 4, acdexrding o ylededwn @i, suvhedeihayers

observed through a transm ssion

el ectron m croscope after presulfiding

have an awdybdenum dilsai€éider dayeps bbegriedf throogB. B hmanémifhéonat al yst
according to claim1, wherein the at |east one netal selected fromthe.
G oup 8 edectdraint oicrpsckpk. Ffter prmoessliidimpy odwvieng amheavgrabgst of

any one

of clainms 1 to 6, which conprises providing a netal in the

G oup

6 of thelpovinediiaa diyeranupbem oF 20530% By weight, a netal in the Goup

8 of the periodic table at from1l to

5. The catalyst according to c¢laim 3 or 4, wherein
molybdenum disulfide layers observed through a transmission
electron microscope after presulfiding have an average in-

plane-direction length of 1 to 3.5 nm.

6. The catalyst according to-claim 1, wherein the
at least one metal selected from the Group 8 is cobalt or

nickel.

. 7. A process for producing the catalyst of any one
of claims 1 to 6, which comprises providing a metal in the
Group 6 of the periodic table at from 10 to 30% by weight,
a metal in the Group 8 of the periodic table at from 1 to

15% by weight, phosphorus at from 1.5 to 6% by weight, and

‘carbon at from 2 to 14% by weight, each in terms of a

respective oxide amount based on the catalyst, onto an
inorganic oxide support having a specific surface area of
from 270 to 500 m?’/g, a pore volume of from 0.55 to 0.9
ml/g, and an average pore diameter of from 60 to 120 A&,
using a solution comprising the metal in the Group 8 of the

periodic table, the metal in the Group 6 of the periodic
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15% by wei ght, phosphorus at from1.5 to 6% by weight, and. carbon at from
2 to 14% by weight, each in terns of a respective oxide anount b8gedUio2005
the catalyst, onto an inorganic oxide support having a specific surface
area of from270 to 500 n2/g, a pore volume of from0.55to 0.9 nl/g, and
an- average pore dianeter of from60 to 120 A, using a solution conprising
the netal in the Goup 8 of the periodic table, the netal in the Goup 6
of the periodic 63 Q7JUL2005 table, organic acid, and phosphoric acid,
foll owed by drying at a tenperature of 200C or lower. 8. A nethod for
hydrotreating gas oil, which conprises subjecting a gas oil fraction to a
catal yti ¢ablleact begahtict hecpdpsesns® Fhddphawial watidyf @By 1eaedof pycl ains 1
to 6 under conditions at a hydrogen partial pressure of from3 to 8 MPa, a
t enper at drgiaog fatom etperatd2eCpfaBd0éC| ofuickdourly space velocity of
from0.3to 5 hr'. - 64

8. A method for hydrotreating gas oil, which
comprises subjecting a gas oil fractiog to a catalytic
reaction in the presence of the catalyst of any one of
‘claims 1 to 6 under conditions at a hydrogen partial
pressure of from 3 to 8§ MPa, a temperature of from 300 to

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

hxr™.
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