SPECI FI CATI ON HYDROTREATI NG CATALYST AND METHOD FOR HYDROTREATMENT OF
HYDROCARBON O LS USI NG THE SAME FI ELD OF | NDUSTRI AL UTI LI ZATI ON Thi s
invention relates to a hydrotreating catal yst and a nmethod for
hydr ot r eat mrent of hydrocarbon oils using the sanme, nore particularly to the
catalyst high in tolerance to inhibiting effects by hydrogen sulfide and
nitrogen conpounds and high in activity and activity-nmai ntenance, and the
nmet hod using the same for various hydrotreating purposes, e.g.,
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using the same for various hydrotreating purposes, e.g., hydro-desulfurization,

hydrodenitrogenation,hydrocracking hydrodearomatization, hydroisomerization
and hydrofining.

A ND OF THE PRESENT I NTION

Various types of catalysts have been proposed for hydrotreating hydrocarbon
oils. The so-called two-element catalysts, with the Group 6 elements (e.g.,
molybdenum and tungsten) and Group 8 elements (e.g., cobalt and nickel) as the
active metallic components carried by refractory inorganic oxides (e.g., alumina,
silica and magnesia), have been already commercialized. These catalysts have
been further developed to have higher desulfurization and/or denitrogenation
activity, both from active metallic components and carriers. The applicant of
the present invention have already studied to further improve catalyst activity
by improving dispersibility of the active metallic components, to propose an
extremely high-activity catalyst with high desulfurization activity, which is
prepared by supporting cobalt and/or nickel as the Group 8 metals on a silica-

alumina carrier in the first step, and further supporting molybdenum and/or




The carriers have been al so devel oped, by controlling pore size
distributions of silica-alumna carriers, to inprove desul furization
activity of the catalysts for hydrotreating by nmaxim zing the pores having
a dianmeter of 3[err] to 100[err]. Recently, however, reduction of sulfur
content of gas oils is strongly required for environnental reasons,
especially for stocks of higher sulfur contents, e.g., light gas oil (LGO
and vacuumgas oil (VG . In particular, sulfur content of LG is strongly
required to be reduced to 0 05w . % or | ower for environnmental reasons.
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Lai d- Op%(r)]mpounds difficult to remove, e.g., 4-methyl dibenzothiophene and 4,6-
dimethyl dibenzothiophene, are efficiently desulfurized, in particular at a high
hydrogen sulfide partial pressure.

It is however known that the two-element catalysts are rapidly deactivated,
when deeply hydrotreating hydrocarbon oils of high sulfur content, as a result of
increased hydrogen sulfide partial pressure in the reaction atmosphere. In
particular, the Ni-Mo catalyst, although showing a high desulfurization activity
at a low hydrogen sulfide partial pressure, is rapidly deactivated at a high
hydrogen sulfide partial pressure, because of its insufficient tolerance to the
inhibiting effects by hydrogen sulfide. On the other hand, the Co-Mo catalyst,
although higher in tolerance to hydrogen sulfide to some extent, has a
disadvantage of lower desulfurization activity. It is therefore necessary to
develop a qgtalyst simultaneously showing a high desulfurization activity and
tolerance to the inhibiting effects by hydrogen sulfide, in order to deeply
desulfurize hydrocarbon oils.

A variety of techniques have been proposed to solve these problems, viewed



Pat ent application No. 164334/ 1997 discloses the hydrotreating catalyst to
desul furize the difficult-to renove sul fur conpounds present in gas oil,
where an inorganic oxide carrier supports 5mass%to 20mass% (as oxi de,

per cent age bei ng based on the catal yst) of nolybdenumin the first stage,
which is dried and cal cined, and then with 5mass%to 15mass% (as oxi de) of
nol ybdenum and | mass% to 10nass% (as oxi de) of nickel in the second stage,
which is dried and calcined at 150[err]C to 350[err]C. This catalyst,
however, is an insufficient one for the catalyst for deep desul furization
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ISCI, E OF THE P ENT I NTI

It is an object of the present invention to provide a hydrotreating catalyst,
developed to solve the above problems involved in the conventional catalysts,
which shows high tolerance to the inhibiting effects by hydrogen sulfide formed
massively in the reaction atmosphere during the hydrotreatment process of
hydrocarbon oils of high sulfur content, high activity for hydrotreatment of the
compounds containing difficult-to-remove sulfur compounds, and can be used
also for, e.g., hydrodenitrogenation, hydrocracking, hydrodearomatization and
hydrofining.

It is another object of the present invention to provide an alumina-based
hydrotreating catalyst of high silica content, in which silica is finely dispersed.

It is still another object of the present invention to provide a hydrotreating
catalyst in which the active metals are finely dispersed by virtue of high
dispersibility of silica.

It is still another object of the present invention to provide a method of



The inventors of the present invention have studied extensively to solve
the problens involved in the conventional catalysts, to find that the
Bronsted acid sites on the hydrotreating catalyst carrier interacts with
the catal yst active netals to greatly inprove the catalyst tolerance to the
I nhibiting effects by hydrogen sulfide, with the result that the
difficult-to-renove sul fur conpounds can be efficiently renoved, reaching
the present invention. The present invention relates firstly to the
hydrotreating catal yst conprising the carrier having a Bronsted acid
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comprising the carrier having a Brgnsted acid content of 50umol/g or more,
which supports at least one active component (A) selected from the elements of
Group 8 of the Periodic Table, and at least one active component (B) selected
from the elements of Group 6 of the Periodic Table.

The present invention relates secondly to the hydrotreating catalyst,
comprising the carrier of silica-alumina or the carrier of silica-alumina a third
component, which supports at least one active component (A) selected from the
elements of Group 8 of the Periodic Table, and at least one active component (B)
selected from the elements of Group 6 of Periodic Table,
wherein,

(1) silica content is 30wt.% or more, based on the total weight of the carrier,
and

(i) the spectral patterns of the carrier observed by the nuclear magnetic
resonance analysis [®Si-NMR (79.5MHz)] are characterized by:
(D the combined area of peaks at -80ppm, —86ppm and —92ppm being at
least 15% of the total area of all peaks, and
@ the combined area of peaks at —-80ppm, —86ppm, —92ppm and —98ppm
being at least 50% of the total area of all peaks.



hydr ocarbon oils with hydrogen under the hydrotreatnment conditions in the
presence of the first or second catal yst of the present invention. BRIEF
DESCRI PTI ON OF DRAWNGS Figure 1 illustrates the rel ationship between

desul furization activity and content of sulfur derived from di nethyl
disulfide (DVMDS) in the oil sanples, for the hydrotreating catal yst Alerr]
of the present invention (EXAMPLE X) and conparative hydrotreating catal yst
A (COVPARATI VE EXAMPLE X). Figure 2 illustrates the relationship between
tolerance to the inhibiting effects by hydrogen sul fide and Bronsted acid
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effects by hydrogen sulfide and Br¢nsted acid thereinafter referred to as the “B
acid”.) content of the carrier, for the catalysts A, A,, A; and A, (EXAMPLE X)
and comparative catalyst A (COMPARATIVE EXAMPLE X) of different B acid

contents.

PREFERRED EMBODIMENTS QF THE PRESENT INVENT

The hydrotreating catalyst of the present invention comprises the carrier
having a Br¢nsted acid content of 50umol/g or more, which supports at least
one active component (A) selected from the elements of Group 8 of the Periodic

Table, and at least one active component (B) selected from the elements of
Group 6 of the Periodic Table.

Carriers

The carrier materials useful for the present invention include alumina
(Al,O,), silica (Si0,), boric acid anhydride (B,0,), titania (Ti0,), zirconia (ZrO,),
iron(IID)oxide (Fe,0,), beryllium oxide ((BeO), ceria (CeO,), hafmia (HfO,),
magnesia (MgO), calcium oxide (CaQ), zinc oxide (ZnO), thoria (ThO,),



al um na-titania, alumna-boria, alumna-thoria, alumna-chrom a, alum na-
magnesia and titania-zirconia. Cay mnerals, in particular crosslinked
intercalation mnerals, can be also used. These include zeolite,
nontnorillonite, kaoline, halloysite, bentonite, attapulgite, bauxite,
kaolinite, nacrite and anorthite. They may be used al one or in conbination.
For exanple, a conbination of alum na-zeolite can be used. O the carriers
| i sted above, particularly preferable ones are those based on

silica-alum na and silica- alunina a third conponent. The third conponent
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specific site on a solid surface at which t acid donates a proton is

r ef er r edaluaniss-a tBimccempohent. THHw.e:ahﬁﬂyaimponent is selected from the group
consisting of the above carrier materials except silica and alumina, e.g., an
alkali metal, alkaline earth metal, boria, titania, zirconia, iron(III)oxide,
beryllium oxide, ceria, hafnia, zinc oxide, thoria, chromium{IDoxide,
phosphorus oxides, and zeolites and clay minerals. These silica-alumina-third
component carriers include silica-alumina-boria, silica-alumina-titania, silica-
alumina-zirconia, silica-alumina-hafnia, silica-alumina-ceria, silica-alumina-
sodium oxide, silica-alumina-magnesia, silica-alumina-phosphorus oxides and
silica-alumina-zeolite.

It is important that the carrier for the hydrotreating catalyst of the present
invention contains a B acid content of 50pmol/g or more, preferably 80umol/g or
more. Tolerance to the inhibiting effects by hydrogen sulfide (hereinafter
referred to as the “tolerance to the inhibiting ettects by H,S”) will be insufficient
when the B acid content is below 50umol/g, making the catalyst incapable of
deeply hydrotreating hydrocarbon oils. Hydrocarbon oils will be cracked
excessively, notably deactivating the catalyst, when it exceeds approximately
2000pumol/g.



exchanges el ectrons with anbient reactants at this site to pronote a
variety of reactions. In this specification, B acid content of the carrier
is defined as nunber of B acid sites per unit nass of the carrier
([err]nmol/g). It is possible to control B acid content of the carrier at 50
[err]mol /g or nore by controlling rate of dropping each carrier conponent
solution to the solvent during the carrier synthesis process, pH changes of
t he synthesized solution, and rate of dropping water for the hydrolysis, in
order to control deposition rate of each conponent and inprove
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specific B_acid content and
B acid content can be determined by various methods. It was determined

by the following series of steps for the carrier for the hydrotreating catalyst of

the present invention:

A) Put 0.05g of the sample in a glass tube or the like, and evacuate the tube at
500°C for lhour under a vacuum.

B) Pass 2,6-dimethyl pyridine (2,6-DMPy) into the evacuated glass tube kept at
200°C, to be adsorbed by the sample.

C) Pass nitrogen gas into the glass tube kept at 200°C for approximately lhour,
after the adsorption step is over, to confirm that no 2,6-DMPy is detected in
the exhaust gas.

D) Heat the sample on which 2,6-DMPy is adsorbed at 5°C/min to 800°C, to
desorb 2,6-DMPy, and determine quantity of 2,6-DMPy desorbed by an
adequate method, e.g., gas chromatography, mass spectrometric analysis or
conductometric titration. Here, B acid content (umol/g) is defined as
quantity of 2,6-DMPy desorbed from unit mass of the sample.

Specific surface area and pore volume of the carrier are not limited, but

preferably 200m*g or more, more preferably 400m?*g or more for the former, and



allow the catalyst to efficiently renove the difficult-to-renove sul fur
conpounds. For exanple, the carrier of nesoporous silica-alumna (having
pores of internediate size) is nore preferable than that of silica-alumna
(anmor phous silica-aluma) having a smaller specific surface area, because
of the forner's higher B acid content and nore finely dispersed active
conponents to give a larger nunber of active sites. The carriers of
silica-alum na and silica-alumna-third conponent are described bel ow as
the preferable ones for the hydrotreating catal yst of the present
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catal yst to have many 8
(Silica-alumina carrier)

It is possible to secure a sufficient B acid content for hydrodesulfurization,
hydrodenitrogenation, hydrodearomatization or the like, when the silica-
alumina carrier contains silica at 2wt.% or more, based on the total weight of
the carrier, and a B acid content of 50umol/g or more. The high silica-content
carrier is preferable, e.g., that contains silica at 10wt.% or more, more
preferably 20wt.% or more, still more preferably 30wt.% or more, and still more
preferably 40wt.% or more, in order to increase B acid content and improve
tolerance of the catalyst to the inhibiting effects by H,S for deep desulfurization
of sulfur-containing hydrocarbon oils. The silica content below 2 wt.% or above
95wt.% will cause difficulties in making a practically useful, high-activity
catalyst: essentially no B acid sites express themselves at a silica content below
2wt.%, and hydrocarbons will be excessively cracked at above 95wt.%, to
decrease yield of the desired product.

The silica-alumina carrier having a specific B acid content for the
hydrotreating catalyst of the present invention is obtained by finely dispersing

silica in the carrier. It is therefore preferable for such a catalyst to have many



al um nium atons bonded to the silicon atons regularly. It is also
preferable that dispersibility of silica is specified by coordination

nol phol ogy between the silicon and al um nium atons via the oxygen atons,
determ ned by the nucl ear magneti c resonance anal ysis. Mdire concretely, the
spectral peaks of silica- alum na obtained by the 29Si-NVR (79.5WHz) net hod
are processed for waveform deconvol ution by the | east square adjustnent

met hod using the Gaussian function curve into those at -80ppm -86ppm
-92ppm -98ppm - 104ppm and -11OCppm silica dispersibility being set for
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d I | at
&Z‘@Bﬁ‘ésﬂ%‘*ﬁsﬁ?%%‘?ﬁs’ e PoeEldod by R ARA B AR ool Biams”

al umi ni wilisbwnmdoslemiiphohghs dld yhe ﬁﬁy?&ﬁ‘ﬁhﬁﬂs beteRBid<d b?%@&xfd’éa{w' ae
(I') through (VM): [err] 9 [err] The silica-alimna carrier for the

hydr ot re@lﬂgﬁgtléal'%pglgme)fartml@r eMare ¢Qmeeﬂte|ly)nt}tmspeqtmlr pedky ofl gikiek- at
80 d d 1 th th |

St t o SRR HRAeE Y (aF- SCOAR D7 Nty e %“r&ngra@q?sgéht 'go‘””
represen&a@gﬁrﬁlt rdé@&ﬂ&(ﬁu%@?"‘ﬂ%b%ef P&45¢! ?t?%:ixje) gﬂi‘&tfrﬁ% eagg'%g% of the

al um ni um at ons Sl -2 aving a Cco I ne reao
t ot al ar@ausdiaal funetimhs civiel nto athiose it Jﬁmlﬁhﬁaf—Beppﬁﬁf—@Zp@dl t.oggsprhhe " NVR

area ratjo 1"), and 10
104ppm’ and —110ppm, silica dispersibility being set for each peak and

represented by peak area ratio. The above peak position is set based on
bonding characteristic of silica, used as the waveform deconvolution condition
for the *Si-NMR method, described later in EXAMPLES.

As a result, the coordination types between the silicon and aluminium atoms

are morphologically represented by the following formulae (I) through (V):

l
AIO—S‘i—OSi an
0

|
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(11) the peaks described in the above (i) and a peak at -98ppm consi dered
to represent the structure shown by fornmula (IV) with the silicon atom
bonded to one al um niumatom (Si-1(0Al)), having a conbined area of at

| east 50% of the total area of all peaks (this ratio is hereinafter

referred to as the "NVR area ratio Il"). It is necessary for the carrier to
simul taneously satisfy the above conditions (i.e., NVR area ratio | of at
| east 15% and NVR area ratio Il of at least 50%, in order to realize the

effects of the present invention: the good acidic conditions wll not be
fornmed unl ess the abdMe conditions are satisfied simultaneously, leading to
decline of the activilty for hydrodesul furization, hydrodenitrogenation,

hydr odear omati zati on@r the |ike. The silica-alumna carrier having the
finely dispersed_sililca component _and a high B acid content can be obtai ned
by one of the nédRsaSiTOSH hr ou§BDX 5), described bel ow (1) Silicon

al koxi de and aluninigg1alkoxide are mxed with a solution containing at

| east one type of oxygenated, polar conpound (e.g., dihydric alcohol,

am noal cohol , ket oal/ ohol, diketone, ketocarboxylic acid, oxycarboxylic
acid and di carboxyli&acid) at 10[err]C to 200[err]C, preferably 20[err]C
to 80[err]C, to forma honogeneous solution, to which water is added at the
sanme tenperature for Jgydrolysis, to totally gel the honbgeneous sol. The
gel is then dried at (30[err]C to 200[err]C, and calcined at 200[err]C to
1000[err] C, to renovegythe residual polar conpound(s) fromthe gel, in order
to formthe silica-aljum na conposition. The thermal treatnment may be
effected only wSi-s§ea@sior opggnal ly in an oxygen or air atnosphere.
Each of the above siljicon al koxi de and al um ni um al koxi de has preferably an
al koxyl group havingQa carbon nunber of 1 to 10, preferably 1 to 5. Mre
concretely, the siligfn al koxi des useful for the present invention include
11 1

?i
0]

|
SiO—Sli—OSi W)
0

I
Si

The silica-alumina carrier for the hydrotreating catalyst of the present
invention has:
() a peak at -80ppm, considered to represent the structure shown by formula (I)
with the silicon atom bonded to 4 aluminium atoms (Si-4(0Al)), a peak at -
86ppm, considered to represent the structure shown by formula (II) with the
silicon atom bonded to 3 aluminium atoms (Si-3(0Al), and a peak at -92ppm,
considered to represent the structure shown by formula (IIT) with the silicon
atom bonded to 2 aluminium atoms (Si-2(OAl)), having a combined area of at
least 15% of the total area of all peaks (this ratio is hereinafter referred to as the
“NMR area ratio I’), and

10



t et r amet hoxysi | ane (Si(CCH err])[err]), t et raet hoxysi |l ane
(Si(Oferr]Herr])[err]), tetraisopropoxysilane ((Si(i-Oerr]JHerr])[err])
and tetra-tertiary-butoxysilane (Si(t- OCerr]Herr])[err]), and the

al um ni um al koxi des i nclude alum niumtrinethoxide (Al (OCCH err])[err]),
alumniumtriethoxide (Al(OCJerr]Herr])[err]), alumniumtriisopropoxide
(Al (i-CCerr]H err])[err]) and al um nium tri but oxi de

(Al (CCJerr]Herr])[err]). Concentration of each of these conmpounds can be
optionally set, but the silicon al koxide/al um nium al koxide ratio is set to

01 ve, = ot erke SRR St R PR! ShopP Bop Byt s o e
pr ef er abhbyrdieht tRe Kirudtfré RRoWnl b Soxn@h 00V Gvigh dhalsuidonl &M!b'éﬁ&?&’ %o SV\?E)G r

for hydrolysis in the gelation process is used in a nolar ratio o
50, pr efomeaduyninivm A@m (Bi-1 ).l havang &l ¢ooxbinedarea f atileastni Qo lofthde. The

hydr ol ysi | er.at. by. ten- bl dr i
necel o 3POH At afleall RBRCHTE S memipAnR el 1o i tH MR e
or gani c rakiedtit), in particular organic acid, e.g., formc acid or oxalic

acid; and organic alkali, e.g., amne or ami noalcohol. (2) This nmethod uses
metal | i ¢ altkisxiebessalyi foz theecarsiendd simpltabeveslylsatisfo tha abevecentlitivnsar

Corr] A AECatse e ohahiest dblosr o e ats T H el leat ¥h ifm g
white, bk gy $RhHz& %ﬁ‘e@*}s 8ELEk pfeddnt illE{ion A8z Rd B4 @E&chl"ci'oﬁsac' d,
i's addec? and ?he solutron thus pre arecIj1 is kept aci d\gc, preterably at pH of

2 to 3, #ill het rid farntédamlesy thd hboveaconiditicd aaé keaxistie dosintiloaherusly pe of
silicon _conpound (e.g., silicon haljde) is added to the dear sol for

gel at i odeadingdordachiaest|the actiyityfpnhydeadesulfuriaatioankydypdenitrpgenationson
corrpouncilyﬁﬁg&%%%oi??aﬁq %ﬁé}?gﬁ}tﬁg%e a desired silicon content (e.g., 30wt.%

or nore) rrier. The gel is dried and calcined into

the silicaThkUfhoR JPORROS chi98r halidd th£AhElytispdfted Mikéd BodPEneRt Ghaat i on
nmet hods wi Il be simlar to those for

a high B acid content can be obtained by one of the methods (1) through (5),

described below:

(1) Silicon alkoxide and aluminium alkoxide are mixed with a solution
containing at least one type of oxygenated, polar compound (e.g., dihydric
alcohol, aminoalcohol, ketoalcohol, diketone, ketocarboxylic acid,
oxycarboxylic acid and dicarboxylic acid) at 10°C to 200°C, preferably 20°C to
80°C, to form a homogeneous solution, to which water is added at the same
temperature for hydrolysis, to totally gel the homogeneous sol. The gel is
then dried at 30°C to 200°C, and calcined at 200°C to 1000°C, to remove the
residual polar compound(s) from the gel, in order to form the silica-alumina
composition. The thermal treatment may be effected only with steam, or
optionally in an oxygen or air atmosphere.

Each of the above silicon alkoxide and aluminium alkoxide has preferably an
alkoxyl group having a carbon number of 1 to 10, preferably 1 to 5. More

concretely, the silicon alkoxides useful for the present invention include

11



12 t he above nethod (1). [err] This nmethod is simlar to the above
nmethod [err], except that the silicon conpound and al um ni um conpound are
added in this order. Water is added to a silicon al koxide to forma clear
sol, to which an al um ni um conpound (e.g., alum nium al koxi de, al um ni um
sulfate, alumniumnitrate or alum nium hydroxide) is added, to turn the
sol into gel. It is dried and calcined in a manner simlar to those for the
above nmethod, to formthe silica-alumna conposition. [err] This method
uses a conposite al koxi de, where an al um ni um al koxide is m xed with

i i hyl sj.l yl CH COOSi ( CH err])
S vea i L h ipamABRTRIAR or o KCHCHAGY  hoketrhgt Rt | L§,<s£<§fc¥ﬁ££5b,lt ne
[ Lo - W3] ' h Lte. al koxide .is rolyze
"ht6 the gibtrafBibAslaH AHEOCH) fotn R eGir I arFalid YUE he
silica-al ugOaLgHM@sd theluadinke GREdXi&ss itdhddNAubhiniGa %%iéﬁ’@gflgyéﬁ%r rier

for the hydrotreating catalyst of the present i nvention can -
prepar ed bYAQCHg,) aluminivop teetlpixide (AKOC,H).3 atentiniimsed sojarod oxigleer

Petorrod ¢ R AGHI AT vviﬁﬁﬁﬁﬁfrﬁsﬁn?ﬁgééﬂ%ﬁhﬁiﬁiiéu&féé?@ra%_gtteiéé&?fﬁant -
; i ; eq W . eac
ot hor at api or arhora oRpefds; 18k "BE WRTRRGIFIARLY My T MRl S

(e.g., nitalkoddemluininingdatkakidovatie is b6t tovEaidebirall Qilid@Rontbet (e.g.
coprecipitation can be also effected by adding aqueous sol ution of wat er
gl ass, aquewg’sandmene) it thedilinaraluminaxagriend The polaravnp sindistwsedous| y

content i ni% ool fgie 0503 to EGaretirabind { Sorab cbo e wfleom alkade sace can
be used as a)h®iIE AWeoxide. Water for hydrolysis in the gelation process is used in
a molar ratio of 0.5 to 50, preferably 1 to 40, to the silicon alkoxide and
aluminium alkoxide. The hydrolysis process may be accelerated by a
Water-soluble hydrolysis accelerator, e.g., inorganic acid, organic acid,
inorganic alkali and organic alkali, in particular organic acid, e.g., formic
acid or oxalic acid; and organic alkali, e.g., amine or aminoalcohol.

(2) This method uses metallic alkoxides, like the method (1) above, but no
oxygenated, polar compound. This method falls into the following 3 sub-
groups O to @:

D A mixture of an aluminium alkoxide and water is heated, to form a white,
turbid sol. A mineral acid, e.g., nitric acid or hydrochloric acid, is added and
the solution thus prepared is kept acidic, preferably at pH of 2 to 3, to form
the clear sol. Then, a silicon alkoxide or another type of silicon compound
(e.g., silicon halide) is added to the clear sol for gelation to form the silica-
alumina gel, where quantity of the silicon compound added is adjusted to
give a desired silicon content (e.g., 30wt.% or more) in the silica-alumina
carrier. The gel is dried and calcined into the silica-alumina composition for

the carrier. The drying and calcination methods will be similar to those for

12



- solution containing the water-soluble salt at O.lnmols to 10nols, preferably
13 0.3nols to 5nols, and sodi um alum nate as the al um na source can be
used as the aqueous solution containing the water-soluble salt at 0. 1nols
to 4nols, preferably 0.3nmobls to 2nols. (4) The silica-alumna carrier for
the hydrotreating catal yst of the present invention can be al so prepared by
deposition of silica hydrate gel over alum na hydrate gel. The al um na
source useful for the present invention includes a water-soluble, acidic or
al kal i ne al um ni um conmpound, e.g., sulfate, chloride or nitrate of

al um ni um .sodj um al '(gzbe; or alum nium al koxi de. The silica source is a
wat er - sol ubr®289Y§ E’cﬁ’ﬁﬂ% ound, e.g., silicate of alkali netal (e.g., No.3

nater 9l@senidabiibdrls Nandar] O hElMove hh8d 2, TP thaflthe silicon

si
t etraal koxysilane, or orthosilicate ester. ese alumhiumand siTicon

conpounds asmputfd amdtdlanfieiwmotoraguaadsasokdidedns. tHiRebrderondates alki ons
can be optiognally set, but concentration of the al um nium conmpound is set

at 0.1 nol saddedrfsl 8, siligen t alkoxisle thdowm| pcdpar sebotmavhich san algmgniuma
desired silica content in the carxier, An exanple deposi.tion of the

S 11 ca- al uRPRRORBHBE- i PERoRioRis, Buriipm eyt Sraie B Der
around 40[ gf %lﬁnﬁﬂitﬁx@[}ﬁfdihﬁde) s WAHER, &PALMMIR B60 b e%el.s 1 i858 ¢dndand
the solution i1s kept at the sane tenperature and a pHlevel of 10 to 12.
Then, nitr talcaed in sa adalecert sichfiar abohese dbrtthenaliaveanjetkod, tes faih [theel at

8.5 to 9.5, _and the solution_ is aged at the sanme tenperature for 1.5 to
3hours, tosﬁk‘?@cﬁlﬁmlé}taéomi@%‘ll% na hydrate. Next, an aqueous sol ution of

0, 5oL AR Syl oot oA bR Ll WRHHBELS L1,
at a pH | exfike@iwiShcyclbexané, {1@hieH WtRAhyEilFh adetdlte ICPHTDOSI(CH,) ;)
mixed with cyclohexane is dropped under heating with reflux, to form the
composite silicon-aluminium alkoxide. The composite alkoxide is hydrolyzed
into the gel, which is dried and calcined by the common methods into the
~ silica-alumina composition for the carrier.

(3) The silica-alumina carrier for the hydrotreating catalyst of the present
invention can be also prepared by the so-called coprecipitation. This
method uses No.3 water glass as specified by the Japanese Industrial
Standards (JIS) (hereinafter referred to as the “No.3 water glass”) as the
silica source, and sodium aluminate as the alumina source. They are
homogeneously mixed with each other at a pH of around 8, to which an
aqueous solution of mineral acid (e.g., nitric acid) is added dropwise, to
coprecipitate them. The coprecipitation can be also effected by adding
aqueous solution of water glass, aqueous solution of sodium aluminate and
nitric acid simultaneously to water. Quantity of the silica source is set to
give a desired silica content in the carrier.

A silicate of alkali metal as the silica source can be used as the aqueous

solution containing the water-soluble salt at 0.1mols to 10mols, preferably

13



50[err]Cto 90[err]C for |hour to 3hours, to deposite the silica hydrate
over the alum na hydrate. Quantity of sodiumsilicate to be used is set to
give a 14 desired silica content (30wm.%or nore) in the silica-alumna
carrier. The precipitates are separated fromthe aqueous sol ution by
filtration, washed with a solution of ammoni um carbonate and water, and
dried and calcined to formthe silica-alum na conposition for the carrier.
The drying is effected at normal tenperature to around 200[err]C in the
presence or absence of oxygen, and the calcination is effected at around

200[err]C to,800[err] C.in the presence, of oxygen. (5) The silica-al um na
car Ei er] Wi :DI'I&PP 7‘1/5%‘%%&‘%{;%0"3}11‘1 eﬁlmmat@r?@yagedal@gn%@t sovgce gam (besusedf t he
resent in ' 0. Pl v.apaor ase,. depositjon,,in which
D P con af Fotns H4eRls B e ERARE I B AR DR 310 LR NGl G, e
convent i onplreferbblyd0d.3hiols 861 2hw1&l so produced by depositing al um ni um oxi de

over a sjlica carrier by the vapor-phase deposition nethod.
(Si | i ca-@ Jhengilios-alnmeioep oawner dor rther hydintreatime ithiysh-ofl the preséitr d

conponent carrier is descrjbed. The sjlica-alumng-third conponent carrier
for the hy&PBTHRd g g’ﬁt ﬂisi?sPr‘??@lFﬂet%r‘g"é@ﬁ’tn‘?rh\Pgnﬁlﬂéﬁ ¢ kel ayer ca,
al um na angj@mbthi entp, o B%ﬁxta DAVE r .6 J of at |east
15% and NMWR rati %r}ﬁ&g{@g? I ﬁePelllsetélg 9 as | §°t S%g tgig ;{r%éér% Wv@g:ma?flum na
carrier abindudébea swhiaresotubliegrdcidiz 3wt alkabineMahemibu@f esodmhoud dk g% or
nore, nore p{:feferably_ 20wt . % or npre, based on the total weight of the
carrier cofpHate,dHorigporinitrate of rpluminiwmy sedivm falpmihatepoesanminivant i on
i ncl ude an ' | 7. an al kal i ne eart tal, boria, titania,.zirconia,
iron(l111) o>"<1|ﬁL a‘g& h%‘e?i% ég SHIGASORICE Fiof i“é?%eﬁ'é%ﬁ? StHcoB,coppoundy - gdilieate
chroni un( | bf hOkald et (e BNONES R4kE1a%C Blal ' St.9 fjese
silica-alum na-thi r?:l cgrr%gnent carri grasS%'f alaﬁﬁtagqgﬁ%é%ﬁ)%\%ﬁégdft%?e@
gener al 1:4), tetraalkoxysilane, or orthosilicate ester. These aluminium and silicon

compounds are used in the form of aqueous solutions. Their concentrations
can be optionally set, but concentration of the aluminium compound is set at
0.1mols to 4mols, and that of the silicon compound is set to give a desired
silica content in the carrier.

An example of deposition of the silica-alumina composition is described
below:

Pure water is heated at around 40°C to 90°C, in which sodium aluminate is
dissolved, and the solution is kept at the same temperature and a pH level of
10 to 12. Then, nitric acid is added to the above solution to adjust its pH
level at 8.5 to 9.5, and the solution is aged at the same temperature for 1.5 to
3hours, to precipitate the alumina hydrate.

Next, an aqueous solution of sodium silicate (e.g., No.3 water glass) is added
little by little to the above alumina hydrate, to which nitric acid is added to
adjust the solution at a pH level of 8 to 10, and the solution is aged at around
50°C to 90°C for 1hour to 3hours, to deposite the silica hydrate over the

alumina hydrate. Quantity of sodium silicate to be used is set to give a

14



categories by type of the third conponent. The third conponent A has an

al kali nmetal or alkaline earth netal (hereinafter referred to as the

"al kali netal conponent or the like," as required), 15 the third
conponent B includes boria, titania, zirconia, iron(lll)oxide, ceria,

haf nia, thoria, zinc oxide, chromun(lll)oxide, zeolites and clay m neral
(hereinafter referred to as the "boria or the like," as required), and the
third conponent C has phosphorus oxides. (1) Silica-alumna-third conponent
A carrier The silica-alum na- third conponent A carrier conprises silica,

al um na an& the aIkaI| netal ngﬁnent or the like, and h a Br[err]nsted
aci d cont efesized sthea eppgmt (. Wé-% temerRain thesitica-aliamen cawier. he

like is at f e ehecty r stlng
of alkali Th? aﬁ%ecﬁé}ﬁaﬁ%afiré;ese 2 ﬁ%é‘? tl’él(;%rrp ﬁgzr)hﬂé)@of\}gt org ncrg'tmfd > the
al kal i et glaghbd GiitHea S6HitiA opahﬁﬁﬁmumlamwmét@ and vaertdrtzhed il hpg earth
nmetal s include cal cium nagnesium strontiumand barium normally used in

t he form otaloiiedeto forie the silica- albominasconip esition fpo tes cawxierar Mher diygng

characteri zed_ by m ni shed, or renoved stron content in the B acid
di stribut i b%neﬁfgcﬁeﬁc|aGdPﬂ’§nﬁhéeQP|%§?‘i“fﬁre¥°alaregﬂsogéﬁ dr the nrepencewre

The 2. 6. VYot Yl Bhfithel didnpalfds M0 Bl 2 R BODIC 8

of the total tike pﬁes@n@@@fegygenThe carrier having the above B acid
di stribution provides the hydrotreating catalyst with favorable effects,
such as (BxThe|sshea-abiming carner with fing Sbﬁlﬁpﬁgs%i‘ $@@a§0byhﬁﬂlgdr9tgeahggabl y

trolled c f..hyd b d t t t
Cont ont. of SV o o8 BFSHERt ORDBURE. Gin Fe TR SDTELASEb Y VAP TR

pref er abl y 38y (3Whn Y4h Quiith: $flidn tHIBo R4S, d%ﬁ%ﬁgdo&érh& teﬂhﬁlm%da&?]f ] Of the

carrier conposition. The effects on the Istribution Is insufficient
at produced by the conventional method. It can be also produced by depositing

aluminium oxide over a silica carrier by the vapor-phase deposition method.
(Silica-alumina-third component carrier)

Next, the silica-alumina-third component carrier is described.

The silica-alumina-third component carrier for the hydrotreating catalyst of
the present invention comprises silica, alumina and a third component. It
must have an NMR area ratio I of at least 15% and NMR ratio II of at least 50%,
as is the case of the silica-alumina carrier above. The silica content is 2wt.% or
more, preferably 10wt.% or more, more preferably 20wt.% or more, based on the
total weight of the carrier composition. The third components useful for the
present invention include an alkali metal, an alkaline earth metal, boria, titania,
zirconia, iron(IIl)oxide, ceria, hafnia, thoria, beryllium oxide, zinc oxide,
chromium(IIl)oxide, phosphorus oxides, zeolites and clay minerals. These
silica-alumina-third component carriers fall into the following three general
categories by type of the third component.

The third component A has an alkali metal or alkaline earth metal
(hereinafter referred to as the “alkali metal component or the like,” as required),
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~below 0.0lwt.% and the effects of removing strong B acid sites are not
expected much, accel erating coking of hydrocarbons and declining catalyst
activity. At above |0Ow.% on the other hand, the effects of B acid no
| onger increase with its content. 16 Met hods for adding a third
conponent to the hydrotreating catalyst of the present invention using the
silica-alumna-third conponent A carrier are not limted, and it can be
added by a common nethod. Some of these nethods are described below [err]
A silica-alumna carrier is irrpregnated first with the alkali netal

tion, and then with the active

the ik t
component’ thistr pompohets f Snclilen hsia. raris, P Hpsdeninra: h

active c e d,fhe h onen r the I|
using i tgglg]g?uﬁh ?ﬁfw Q)Aém ‘%I Fég&gﬁllﬁﬁlgo@ﬁ | Zéero(fqg &t éramer

si mul t an@muweinafydrt feféf&datd(ahlthéﬁfl)@hac@meﬂé‘%ie”oés traeuirba)e ﬁmﬂtﬁétth _
conponents, using _a m xed solution of these corrponents [err] The alkali
metal cotAyBReRenicE haseohosphores axides. to the carrier stocks during the
carrier p § ction st ags.. when the silica-alumna carrier is produced
usi ng t her+=E ki tds IHELNtity of soFll um rret hOXI de,

cal ci um nmetfhx ns.
(2) Silica-al u%ﬁﬁgo%ﬁgﬁgh@nﬁ)% ngzﬂ#tfég:r gﬁgﬁ'h&n@ﬁe%as a um Ha-1 # ?
conponentheBabeali imetal crgmpaesntsot ithe, liled, didraang BRmstéd adid BREARNST B
bel ow descri bed, and has _a Br[err]nsted acid content of 50[err]nol/g or
more. TheOhmpHg o dﬁﬁ%ﬁaenT Balkalppreteheomponenicor the likeris e@tcmp: type

istl n rconia, iron(lll xi.de, ¢ al.f ni a,
fﬁgfi a, ber 3??&8‘%# oRP8 ,e@*‘rﬁg‘ (ﬁ?? BFOUR {005} ‘1) giet a.g éﬂﬂﬁhtné’ and
clay m n&irgh SmetAf @hpenéiitsaS M&Y@ concretely, the alkali metals include sodium,

potassium and lithium, and the alkaline earth metals include calcium,

magnesium, strontium and barium, normally used in the form of oxides.

The silica-alumina-third component A carrier is characterized by diminished
or removed strong B acid content in the B acid distribution by including the
alkali metal component or the like. More concretely, the B acid content in a
range from 600°C to 800°C in the 2,6-DMPy-TPD profile accounts for 10% or
less, preferably 7% or less, of the total B acid content. The carrier having the
above B acid distribution provides the hydrotreating catalyst with favorable
effects, such as excellent tolerance to the inhibiting effects by H,S, notably
controlled coking of hydrocarbons, and excellent activity maintenance.

Content of the alkali metal component or the like is 0.01wt.% to 10wt.%,
preferably 0.05wt.% to 8wt.% as the oxide, based on the total weight of the
carrier composition. The effects on the B acid distribution is insufficient at
below 0.01wt.%, and the effects of removing strong B acid sites are not expected
much, accelerating coking of hydrocarbons and declining catalyst activity. At
above 10wt.%, on the other hand, the effects of B acid no longer increase with its

content.
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"metallic conponent of boria or the like", as required). The third
conponent B works to increase total B acid content, nore notably B acids of
mediumto weak in strength. More concretely, the strong B acid in a range
from600[err]C to 800[err]Cin the 2,6-DWy-TPD profile shows little

I ncrease, whereas weak to nmedium B acids in a range from200[err]C to
400[err] C and from 17 600[err]C to 800[err] C show notabl e i ncreases.
Therefore, the third conponent B can provide a sufficient B acid content
for desulfurization reactions in the presence of hydrogen sulfide, while

of boria onEHPdRtES addifecy fh a{%?ﬁﬁﬁn%%f%hgéé?%%%&rf% °f‘e:5/(;
of the. chrerabindehtibn 48Re R SPRRIpBRRRARAT oBRGe A A Hintel e 1B O™

| nsuf f i climtedgtankitaanthb®hdtdedbyan otboreietiéd SoBe ¥ itHe SOMPREE are
s content at above 50w . % Methods for producing the

i ncrease_w t_R it

si i ca- afeser ll’ﬁlff)l'}’:corrponent B carrier are not limted, and it can be

pr oduced . n.net hod. For exampl e, .t he tallic conpopnent of boria
produo eI A QSR 1B Per Eoim AR S0 o TR el SR B e
product i on o8 tAgEikeOhisHILRY sbRitidi NdOMIRCHith ALl Rive/BMTdiGnLd qui d or vapor

>

phase. In the |iquid-phase process, the carrier may be 1'npregnated wth

bori a or@ Kesilick@lbmidaeppiiey ivimpragmmted firstwalhuth enactivy cdrepordiasentd | | i ng
r producing_the carrier with finely

gFtng(rj)sedS rr?eq gét%gﬁ%gﬁ%gg%&;f@%PO@% 95 the hlse,tuﬁenmwsobxtim.oc ks during
Lhe o 6P SIOOMGLL R SBRE: R SLIDE SRR Bt Sl ASOLLLOD Sl
Bcanpl €5 of 1 he ol Koxlto Aot Readtye G dletg fsif PERENIANoR A ece | 4,
boron tri eto@RpEents. it ani umtetraethoxide, titanium
@ The alkali metal component or the like is added to the carrier stocks during
the carrier production stage, i.e., when the silica-alumina carrier is produced
using their alkoxide solutions, a given quantity of sodium methoxide, calcium

methoxide or barium ethoxide is added to the alkoxide solutions.

(2)Silica-alumina-third component carrier B

The silica-alumina-third component B carrier comprises silica, alumina and
the third component B below described, and has a Bf¢nsted acid content of
50umol/g or more.

The third component B is optionally selected from the group consisting of
boria, titania, zirconia, iron(IIl) oxide, ceria, halfnia, thoria, beryllium oxide,
zinc oxide, chromium(II) oxide, and zeolite and clay minerals (referred to as the
“metallic component of boria or the like”, as required).

The third component B works to increase total B acid content, more notably
B acids of medium to weak in strength. More concretely, the strong B acid in a
range from 600°C to 800°C in the 2,6-DMPy-TPD profile shows little increase,

whereas weak to medium B acids in a range from 200°C to 400°C and from
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tetrai sopropoxide, zirconium tetraethoxide, zirconium tetra-n-propoxide,
zirconiumtetra-sec-butoxide and hafniumtetraethoxide, which can be
optional Iy used. The conposition of silicon al koxide, alum nium al koxi de
and other netal alkoxide is prepared in such a way to give desired contents
of silica and the third conmponent B in the whole carrier conposition.
Quantities of an oxygenated, polar conpound and water for hydrolysis in the
18 gel ation process are also determined to satisfy the above objectives.
<2> The nethod falling into this category uses the netal al koxides, but no

d. ls f h bdi vided into th thods [err]
o Porr] 608 B B00f¢ FBaWRorable ncaphtesr - dRSEPIOBBai frhll?(égor;apgng%:ﬁ wase,
' : . ey to that for the
i1 oo of oviag's RICRaS 36 Yorkjafe I Q0SB iRl Weadudile i Wiesencey

boron, t of hydrogenzuifide while cohtblingcolingaf\Wak HydseddtBbes compound t her eof ,
to silicon or alum nium al koxi de. <3> Thegsi | ca-yg?um' na-third conponent B

carrier forCamenppbthemetallisrmomponent dfdoziasar 1|phee1{.'nhe wgmm?dbrt?ﬁ[)mtt%x i on.
' b h t had sim t hat for e .
o111 oa sPEHPFEP RS ORRE PEkEROVh o o PRenP Bl o /oStolgmwcqapamq #5dei the
' q . a5 - .0,
ri oty Bar g SRERORT Weight bhfhe SR ofnfffn 2 1% JEEOTBERE R Sl onen:
of bori adistribhtiohiik énsuficiett dtdedowd.0bwt.pwdnsl thecaffans of Baaci®ha!lbhger

conmponent contents in the silica-alumna-third component B carrier. It is
prgFerabllnér?%ﬁ%% 1153 coRtieat s abgpe 08#1%. of the netal lic conponent source

1, 2O HEERE 01 R SR eSO Bl A e G
pr epar edibyted Pasd tit Ohn Weepodhi@d by 8t Eorfifilon Hethbll! CFANExdRPR | i
Conponenrtneztiarl(laic component of boria or the like may be added to the carrier stocks during
the carrier production stage, or added to the produced carrier from the liquid or
vapor phase. In the liquid-phase process, the carrier may be impregnated with
boria or the like by dropping onto the silica-alumina carrier (Pore-Filling
method). Some of the methods for producing the carrier with finely dispersed
silica by adding boria or the like to the carrier stocks during the carrier
production stage are described below:
<1> Asolution of alkoxide or another compound as the third component B is
added to silicon alkoxide and aluminium alkoxide during the carrier
production stage. Examples of the alkoxide as the third component B
include boron methoxide, boron triethoxide, titanium tetraethoxide, titanium
tetraisopropoxide, zirconium tetraethoxide, zirconium tetra-n-propoxide,
zirconium tetra-sec-butoxide and hafnium tetraethoxide, which can be
optionally used. The composition of silicon alkoxide, aluminium alkoxide
and other metal alkoxide is prepared in such a way to give desired contents of
silica and the third component B in the whole carrier composition.

Quantities of an oxygenated, polar compound and water for hydrolysis in the

18



deposited over the alum na hydrate gel. It can be prepared by the nethod
simlar to that for the silica-alumna carrier described earlier by adding
t he above netallic conponent in the formof a water-soluble conmpound, e.g.,
triethyl borate. (3) Silica-alumna-third conponent carrier C The
silica-alum na-third conponent C carrier conprises silica, alumna and the
third conponent C bel ow descri bed, and has a Br][err]nsted acid content of
19 50[err]mol /g or nore. The third conponent Cis a phosphorus conpound,
such as phosphoric acid, phosphorous acid, hydrophosphorous acid,
hosphonol ybdi c  aci d, phosphot ungstic, acid, gr anmpni um phosphot ungst at e,
Ir[:ormlca)l ly a LonPYGeEsSAYe algo detprmineddointisty she phoyeebipgtivesst an oxi de.

Cont ent t r . ] . ot | 1%-as_the oxide,
based onQ%?ehtP}étggﬁ éﬁe&:agﬁ@lggmﬁéequhér ??%F?L%r?‘éf{%ertgﬁﬂ%@o%%?%Pogg %5 The
hydr ot r eat bxggergitallypblagrotdppusid. i Joisifurfhea-RibARARSd YitF HPNRAbdsany | er

shows inproved tolerance to the inhibiting effects by nitrogen conpounds,
and hence tasPotard thie sili¢aralyminacantier vdesgribed éarliconsimessetl, cade, hihiegh not

Lot ve oit bR be robaRilhy 150 me ol S BRfRne Bkt the Pl RS ho.
active . . t By
i nhi bi tingegftaChasibdl tehpgen bgggggg{gt%ngaghdéggi%\feg?gg bQkort Btanivm

desul furization acitivity 1s ob or us Tonpourid

bel ow 0. Ol mircéhivamcbrt hafidhifrg cdis aotvatéeselabkp bompous dHuBel, e $iRGE or
Increase with jits content at above | Om.% Methods for producing the
silica-al uﬁ*%uﬁﬁﬁsﬁu‘cﬂxuie-corrponent carrier are not limted. For exanple,:

GHIRETI ST RN RSN D
can be also prepared by coprecipitation. The carrier can be prepared by the
method similar to that for the silica-alumina carrier described earlier by
adding a given quantity of the above metallic component in the form of a
water-soluble compound, e.g., triethyl borate. Quantities of the silica source
and the metallic component of boria or the like are set to give desired silica
and the metallic component contents in the silica-alumina-third component
B carrier. It is preferable to use the water-soluble salt of the metallic
component source in a range from 0.01mols to 2mols, for gel precipitation
with silica and alumina.

<4> The silica-alumina-third component B carrier can be also prepared by
deposition, where the hydrate gels of silica and metallic component are
deposited over the alumina hydrate gel. It can be prepared by the method
similar to that for the silica-alumina carrier described earlier by adding the
above metallic component in the form of a water-soluble compound, e.g.,
triethyl borate.

(3)Silica-alumina-third component carrier C

The silica-alumina-third component C carrier comprises silica, alumina and

the third component C below described, and has a Brgnsted acid content of
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[err] The silica-alumna carrier is inpregnated first with the active
conponents and then with a phophoric acid solution. [err] The
silica-alumna carrier is inpregnated with a m xed solution of the
phosphorus conponent and active conponents. [err] The silica-alunina
carrier is inpregnated with a heteropoly acid of the active conponents and
phosphorus conponent (e.g., phosphonolybdic acid). [err] The phosphorus
conmpound is added to the carrier stocks during the carrier production
stage, i.e., when the silica-alumna carrier is produced using their 20

al koxi de oluiions, an al koxi de of the phosphorus conpound (e.g., trinethyl
phosphat@@“?§/§§ﬁdﬁoﬁhe silica-alumna-third conponent C carrier thus

' t of 50 I , _preferably
Boter 1ol e HEFE mbeREhf caich PRbePorts, Sy i bioih SbBwReRAER. fust
have t heph@gdidroas N\Vidcd,ea Kahiophosisissbuied £24 ! 1 eﬁhoggggfamﬁy ng,Sat al yst

The active conponent (A) for the hydrotreating ‘catal y e present
i nvent i dhhesphotungstic aork onammentumpphesphosehgstacel hommalipaddedrsenite of

8, . h N Fe)., balt .(Co ni ckel (N ), ruthenium (Ru),
ﬁlggf)um %%%alﬁ%vhé%?wﬁﬂ%n??%% €ﬂﬁn}( )&fml CP‘#&%H uﬁn(lﬁin)lj 05:’&}3(: P;?sﬁqhmdq Pt),
: ' u a
D1 ot nuronpast s O 1o HOED USE d3fS BasB on® sk Mhal WefehtR R v
conponendar¢iy, ipseferablyt .(L03vwt.20uwh . §8.396.t hghax h96.(‘§tl'eat@ﬁ? echtalyst Nén tigfe!

wei ght of the catal yst conposition, preferably Olwt.%to 15Wt.% At bel ow
0. 05wt . o¥iligearadumipaghosphorts caraperentocrmieri shaws impraveshtoléxamct o the

tol o ancBTEBi e SRGRIRN RiFoRsH Sorponpaey aRiRerichd aROuRA deebbomzRtional  y
in deep activity. It is considered, although not fully substantiated, that addition of the
phosphorus compound changes the active site structure. Virtually no
improvement of the tolerance to the inhibiting effects by nitrogen compounds
nor impfovement of the desulfurization acitivity is observed at a phosphorus
compound content below 0.01wt.%, and the effects of the phosphorus compound
no longer increase with its content at above 10wt.%.
Methods for producing the silica-alumina-phosphorus component carrier are
not limited. For example,:
 The silica-alumina carrier is impregnated first with a phophoric acid solution
alone and then with the active components.
@ The silica-alumina carrier is impregnated first with the active components
and then with a phophoric acid solution.
@ The silica-alumina carrier is impregnated with a mixed solution of the
phosphorus component and active components.
@ The silica-alumina carrier is impregnated with a heteropoly acid of the active
components and phosphorus component (e.g., phosphomolybdic acid).
® The phosphorus compound is added to the carrier stocks during the carrier

production stage, i.e., when the silica-alumina carrier is produced using their
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desul furization of sulfur-containing hydrocarbon oils, and insufficient
catal yst activity for hydrodenitrogenati on, hydrocracking,

hydr odear omati zati on, hydrofining or the like. At above 20wt.% on the

ot her hand, the active conponent cannot be finely dispersed on the carrier,
decreasi ng nunber of the active sites, which, in turn, declines the

catal yst activity for hydrotreatnent, e.g., hydrodesul furization and

hydr odeni t rogenati on. The active conponent (B) for the hydrotreating

catal yst of the present invention is at |east one active conponent sel ected

fromthe el gments of Goup 6, . such as chromum (Cr), nol enum (M), . and

tungsten ( kO@ﬁefsgi%ms,zap ﬂk%ﬁ@ﬂ@%ﬁﬁaﬁﬁ\w .m??ﬁ&yg-wémféilmked

al one or i ' | Content of the active conmponent (B) is 5w.%to
PRESERRHA (4 fteq "o the cat °

40wt . % as ased on the total weight of the catalyst
conposi t i ONMTh@EA{E- ANinB¥hi%d cOmPONenC dirrhal MitisSppaed MUEIHawS a e

active sites is insufficient to give the high activity for hydrotreatnent,
e.g., hydeiddecomitent i efit 5Qumakg loydimateni prefgraklyi Gumal @yoweoreowt . The on

t he ot he and, t.he actj cogponent cannot be finely di th

carrier hydErtesabing Gislyst ofr Hhnabata Fomter mast ayecthe snecns M eteR

di fficul }?tﬁﬁ’s ﬂ@%ﬂfﬂe@@ﬁﬂé}“” ze sul fur-containing hydrocarbon oils and
a

decl i nes e catalyst activity for hydrotreatnent, e.g.,

hydr odenHydegeratin@nCaidlesiconcret e conbi nati ons of the active conponents
(A) and (B) for hydrotreatnment, e.g., hydrodesul furization and

hydr odeni t rBae raativen compongnt (A) fosnthe hydgotrpatisgacdialyssi o€ thacprasent

cobal ¢ - VAL BeRane A BB SrEE PP BREr et e Peslamentsf Sramm

mangancs e G L 3t S orane (G kel (0 sy TR holfd (0. |

and ger n_pailadjgml\(&’cd)pdanimn (ﬁ)s@,dmhiingl (Ire ahyddblatineat i(Pt), paeferaidy (mbaithe

present In?c\i(eeif} Irt?t?lenium, rhodium, palladium, iridium and platinum. They may be
used alone or in combination.

Content of the active component (A) is 0.05wt.% to 20wt.% as the oxide(s),
based on the total weight of the catalyst composition, preferably 0.1wt.% to
15wt.%. At below 0.05wt.%, quantity of the active component is insufficient for
the interactions with B acid, causing various problems, such as insufficient
tolerance to the inhibiting effects by H,S and accompanied difficulty in deep
desulfurization of sulfur-containing hydrocarbon oils, and insufficient catalyst
activity for hydrodenitrogenation, hydrocracking, hydrodearomatization,
hydrofining or the like. At above 20wt.%, on the other hand, the active
component cannot be finely dispersed on the carrier, decreasing number of the
active sites, which, in turn, declines the catalyst activity for hydrotreatment,
e.g., hydrodesulfurization and hydrodenitrogenation.

The active component (B) for the hydrotreating catalyst of the present

invention is at least one active component selected from the elements of Group 6,

such as chromium (Cr), molybdenum (Mo), and tungsten (W), preferably
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are not limted, and a known nmethod can be used. For exanple, nitrates,
acetates, formates, ammonium salts, phosphates and oxides of a G oup 8

el enent as the active conponent (A) and Group 6 elenent as the active
conponent (B) are dissolved in a solvent to prepare the solution for

| mpregnation. This solution is then incorporated with an organic acid,
e.g., citric, tartaric, malic, acetic or oxalic acid, and adjusted at a pH
| evel of around 9 with anmonia water. The resultant solution having a pH

| evel of around 9, is added, with stirring, to the carrier drop by drop for

t he i npregpatjon. The solvents are not |limted, and.variqus qnes can be
used. Tﬁagﬁfﬁdﬁemm,st oy mavehe u%ﬁffglﬁapsor %@Hgﬁgyaﬂeleones and
aromatic c . Y 0 Lo

e hano! . - CORPHRERE dieactive N ERANOBIST Shve AT PV Ble o8BI Vased

t ol uene, ot efital Kictilydf R @italylse tompysitivny pasfeasislydvox B, 30WE.%. At
preferably water. The mixing ratio of the solvent and the both active

conponerhédown 5twik%s aumbemnof dre actprecgjies isdnsaffivientain givg the higheetintyi on
into the, carrjer are not limted,, and can, be set .t hve desired contents
of the doF RsABlrRRsEREs eithy PHO dePEIHERALER-FIL My e sEanA R on 20t
easi nessypfel DRI eNahbOPiRRIhdhY! e 04GRl le@t SB&Sfindlye
carrier Inpregnated wth the active conponents is then forned Into a
desir ed dibpessedyor thé eartiekidigreasing nsintber sfothat g sigesynwhizhi om torn,t he
i ke, dried by wind andl or hot w nd, heating or freeze-drying, and cal cined
at 400[ angkes tb dsiiioult tq deeply dessliugizeoswhwieentamiagdoyydresarion: pids gad; ve
conmponent S,.sU rted by, the carrier.will aqgglonerate as t.he crystals at an
xcoss: AR IRe AL o G Bl aitibens R € M Bl et R BeR g pore
vol ume, andpenrefclaibakymbidaiond of thd AdSvoOldddipdirnds @UMyMde. (ByC et e
lons or the |like contained in the supported active conponents may not be
suf fi ci dngdrptreatmesd, afg.dnydrodessifwetkation and hydrodenitrogenation, of sulfur-
containing hydrocarbon oils include cobalt-molybdenum, nickel-molybdenum,
nickel-tungsten, cobalt-nickel-molybdenum and cobalt-nickel tungsten.
Each of the above active components can be incorporated with a Group 7
element (e.g., manganese), Group 12 element (e.g., zinc) and Group 14 element
(e.g., tin and germanium).
Methods for producing the hydrotreating catalyst of the present invention
are not limited, and a known method can be used. For example, nitrates,
acetates, formates, ammonium salts, phosphates and oxides of a Group 8
element as the active component (A) and Group 6 element as the active
component (B) are dissolved in a solvent to prepare the solution for
impregnation. This solution is then incorporated with an organic acid, e.g.,
citric, tartaric, malic, acetic or oxalic acid, and adjusted at a pH level of around 9
with ammonia water. The resultant solution having a pH level of around 9, is
added, with stirring, to the carrier drop by drop for the impregnation.
The solvents are not limited, and various ones can be used. These include

water, ammonia water, alcohols, ethers, ketones and aromatic compounds,
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| ow cal ci nation tenperature, with the result that the active sites on the
catal yst surface may not be sufficiently exposed, also possibly causing
activity decline. It is preferable to effect the cal cination process
gradual ly. The active conponents for the hydrotreating catal yst of the
present invention nmay be added to the carrier separately in two steps. For
exanpl e, the conponent (B) and (A) are added in this order, or this order
may be reversed. It is preferable to add the conponent (A) to the carrier
after the latter is imersed in ammonia water in the first step, and then

t he corrponéelg %1511 | s added in the second steglsa vi. ewed from securi ngi hi gh
desul f ur PLEFFONYaREIEY; RPMahE Vigtatorsetane iy ethanal ygtprepaltx wm&m
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nor e, total pore vo

gr anul ar tetrahyé&fofaran @nd@oﬁﬂ@@&noﬁﬁe@éfdbﬂyv&t@mﬂ to 3mmin size. The
hydrotreating catal yst of the present invention nay be used after it is

m xed with %ﬁ)tm@angymnmfo hihér selveat |algi ¢he abotht actawe roempionedts Rat t}m of
t he hydrg(it,lrga {u catagﬁé M 5&5 i nvention is 5wt %to 50w .
based on ¢ HECoPAMHIR AR gy ‘P P p%gi‘@t’ﬂéth%t %Faﬁé?’bﬁ}“%ﬂ@t %
I nsuffic t

ligfited UiRPEa® bel 18 19 %Hgé deYgEd %\Qfe MRt m(;(% Epgge %bg@gngﬁf g#’

whi ch may possi bly cause | Icient to

the inhi talcinegl edtiadysts ibycohbiterhGon rafkaasindss ofi fhiel buhieghatidaeahd dr
hydr odesul f.u e sul fur-containing hydrocarbon oils and decreasing the
cat al yst aﬁ@tcﬁt‘i]{‘?tlf’%rpr%%éﬁs t ypes of hydrotreatnent. At above 50wt .

possi bl y. et e fpp b tel b B e éﬁ%ﬁ?ﬁ?ﬁﬁsféith?éﬁoéﬁsﬂowm. g

ydr ot r eot it 'Sﬁﬁgaﬁﬁgﬁﬂgf‘ﬁ%?“ﬁ%‘?;?xﬁ‘%%ﬁ?‘?%?‘2%‘%%‘%? AR L -

hydr ot r edtieddycwirad asd/orahotowind,clieating or freeze-drying, and calcined at 400°C
to 600°C for 3hours to 5hours. The oxides of the active components supported
by the carrier will agglomerate as the crystals at an excessively high calcination
temperature, decreasing surface area and pore volume, and hence catalyst
activity. On the other hand, ammonia, acetate ions or the like contained in the
supported active components may not be sufficiently removed at an excessively
low calcination temperature, with the result that the active sites on the catalyst
surface may not be sufficiently exposed, also possibly causing activity decline. It
is preferable to effect the calcination process gradually.

The active components for the hydrotreating catalyst of the present
invention may be added to the carrier separately in two steps. For example,
the component (B) and (A) are added in this order, or this order may be reversed.
It is preferable to add the component (A) to the carrier after the latter is
immersed in ammonia water in the first step, and then the component (B) is
added in the second step, viewed from securing high desulfurization activity.

The hydrotreating catalyst of the present invention preferably has a specific

surface area of around 200m®/g or more, and total pore volume of 0.4ml/g or
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Met hod of Hydrotreatnent Next, the nethod for hydrotreating hydrocarbon
oils in the presence of the hydrotreating catalyst of the present invention
i s described. The nethod of hydrotreatnment of the present invention

i ncludes all of the reactions, e.g., hydrodesul furization,

hydr odeni t r ogenati on, hydrocracki ng, hydrodearonati zati on,

hydr oi soneri zati on and hydrofining, occurring when hydrocarbon oils are
brought into contact with hydrogen in the presence of the hydrotreating
catal yst of the present invention under hydrotreatnment conditions. The

hydr ot r eat ment . condi.ti pns .can be optiqnally selected for the desired
react i on® 0 &heIthiSrY » BT FRUARK, Eafb(i%taﬁr B We%!@f’ wyeferablyed Hoamoto t he

present gpventipon are not limted, and can be optionally selected from
petrol eum 24 fractions, e.g., atnospheric and vacuumdistillates, and

cracked fr&tie hpdrotrentied chtaly st R tHO pRERMIt GnIBALIYAGHINV LSSl hter N 0asS
oils fromcracking processes, catal ytic cracking, thermal cracking

e.g.,
and cokimgxed/aathmngikentype oﬁﬂ)a%mstraatingmata}ysmoas requixed abBatio3ofOfhe r | C
to 610[errlC. ohtained,b istilling atnospheric residya under vacuum and
known toﬁ%%ﬁﬂtﬁ?aﬁnég Gty %éﬁitggﬁﬁﬁ?ﬁts’IWPng@Pflﬁ P Wttt YSH- éﬂ@%@m e For
exanpl e, | I 8N QiU | S . and
o 1 ogont S MIRRS, Prefetdi J0R 26 B0 2By, 25 BASEE Bt A By
Coker gasumbler of thaispal-avér hydiogen doimine sitby ngkidagl ) whiek ntppagdblas a

boi l'i ng point. of about 200[err] C or .hifi;her. The reaction conditions under
which s qw.lew‘é@al@ntﬁ@lwm@@ themised satalpsthpdhedabibitingieffedtsohy Hofal | y

desul t urms R g EE 1 BF ARGy Miteaflerubunes STE con igoedhipiatiriail
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4000 1/ 1abaved>0wig¥, thsdficient number of the active desulfurization sites may result,
possibly making it difficult to deeply hydrodesulfurize sulfur-containing
hydrocarbon oils and decreasing the catalyst activity for other types of
hydrotreatment. As the another type of hydrotreating catalys there, a known
hydrotreating catalyst may be used.
Method of Hydrotreatment

Next, the method for hydrotreating hydrocarbon oils in the presence of the
hydrotreating catalyst of the present invention is described.

The method of hydrotreatment of the present invention includes all of the
reactions, e.g., hydrodesulfurization, hydrodenitrogenation, hydrocracking,
hydrodearomatization, hydroisomerization and hydrofining, occurring when
hydrocarbon oils are brought into contact with hydrogen in the presence of the
hydrotreating catalyst of the present invention under hydrotreatment
conditions. The hydrotreatment conditions can be optionally selected for the
desired reactions.

The hydrocarbon oils which can be treated by the method of the present

invention are not limited, and can be optionally selected from petroleum
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space velocity (LHSV): 0.05h[err] to 10h[err]. Content of hydrogen in
hydrogen- containing gas may be 60%to 100% Mre concretely, deep

hydr odesul furi zati on of sul fur-containing hydrocarbon oils does not need
particularly severe reaction conditions but proceeds under norna
hydrodesul furization conditions, e.g., reaction tenperature: 200[err]Cto
S00[err]C, preferably 250[err]C to 400[err]C, reaction pressure:
Skg/cnferr] to 60kg/cnferr], liquid hourly space velocity: 0.05h[err] to
5h[err] and hydrogen/feedstock ratio: 501/1 to 1001/1 Difficult-to-renove

hyl .dib I oph d 4, 6-di pet hyl
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by ar ocar tonanh RO ahAbne Ak Klanfile] WoRMACERS oM HBR. 2 NdHf

condi t i cBasteThecprdes eahtdiny enilfion ansl mitregen sy Qbﬁhv Ziﬁﬁ%r itbetwhYo tahel
fol  ow ng enmbodi ments, which by no neans limt the present invention. (1) A
hydr ot re‘gpﬁﬁﬁ %dp 8- ut. V‘Gé‘ﬁ%ﬁqcﬁvﬁb’ a (eokareaspil gantainses filagtionobtaiged hyi | i ca

CoM e, gkl e IO b SRR B OB, e
The. ol ement e o e e A N P ERRRR by PR iRl O
conponenhydrodegilinrizgdoptionally melecat diforsdp ecifivuonslitions ecgif féedstoekrppsed of
silica, aI &I rHesued. desulfurization and denitrogenation levels. They are generally in
the following ranges; reaction temperature: 200°C to 500°C, reaction pressure: 5
kg/em® to 200kg/em?, hydrogen/feedstock ratio: 50./7to 4000 2/, and liquid hourly
space velocity (LHSV): 0.05h" to 10h’. Content of hydrogen in hydrogen-
containing gas may be 60% to 100%. More concretely, deep hydrodesulfurization
of sulfur-containing hydrocarbon oils does not need particularly severe reaction
conditions but proceeds under normal hydrodesulfurization conditions, e.g.,
reaction temperature: 200°C to 500°C, preferably 250°C to 400°C, reaction
pressure: 5kg/cm?® to 60kg/cm’®, liquid hourly space velocity: 0.05h™ to 5h* and
hydrogen/feedstock ratio: 507 to 100/ Difficult-to-remove sulfur compounds,
e.g., 4-methyl dibenzothiophene and 4,6-dimethyl dibenzothiophene, can be
easily removed under the above reaction conditions, even in the presence of
hydrogen sulfide.
The hydrotreating catalyst of the present invention can be used for any
hydrodesulfurization reactor type, e.g., fixed, fluidized or moving bed reactor.

However, a fixed bed reactor is particularly preferable from equipment and
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and a third conponent of an alkali netal and/or alkaline earth nmetal, and
having a B acid content of 50[err]mpl/g or nore, which supports the above
active conmponents (A) and (B), wherein, the content of silicais |Oat.% or
nore, based on the total weight of the carrier, and the content of the

al kali metal and/or al kaline earth netal conponents is 0.0lw.%to | OMm.%
as the oxide, also based on the total weight of the carrier. (3) A
hydrotreati ng catal yst of (2), vvherei n the B acid content in a range from
600[err]C to 800[err]Cin the 2, 6- -TPD profile accounts for 10% or |ess

of the total BaC|d ont ent otreating catalyst conprising a
carrier CRSHAGOL, Copsi F??%%PS aI(TA}%ﬁ A‘é(géﬂ S %atl%wmﬁheohy KFeatBie t he

i ke, anchBRuingr 3hB prising ARy ERtiof (PR IR bYT (BT & hllChSYBROT S
pgifxpittall' ¢ obVErEE BO%E Fra

t he above active corrp nen wher ern,

| Ont . % oconmurceed bavad avthbe tIOtlﬁbréﬁlrQBIe #f pfé%ﬁ]ﬂ@e the apfive %bmp%ﬂgn&ont ent
of the metal conponent of boria or the like 1s 0.0lw.%to 50m.% as the

oxi de, aflstherhydeptseating catalmst Qfeﬁ@hprasb?t m\lrmGn dTefox(éa h&dgwhrbﬂnemlh i ng
ilica, alymna and a phosphorus
comonerit DAY RGr e SRtk vt ey Gty SOBE ARG more, Wi ch
e e
supports tﬂ%@%‘é@eﬁ@ﬁ&%ngase SRbp (@nﬁgfklé\ezie cwbgdef[lﬂfe {hi3e GO

silicais IOwt.% or nore ont t ot carrier, dthe

cont ent efiboéienehiss pich dbyannpeaaslin tﬁeQireser%lh@ehﬁ% % as the oxide,
al so bas S 0 he total weight of the carrjer. (6) The silica-alum na or
silica- aﬁe ﬁ%ﬁ& Hreating catalEsk cq,iaprlasm:g awahcarghanmaacam@nhmmg afsilica

S0[err]mol g, Qi "R ﬁ)wg.% of Ir}x%rg %%V 1%1 con en{;I i 88&:‘%'0’(/2 or more, which
(A) supports at least one active component (A) selected from the elements of
Group 8, and at least one active component (B) selected from the elements of
Group 6 (hereinafter referred to as the “active component”).

(2) A hydrotreating catalyst comprising a carrier composed of silica, alumina
and a third component of an alkali metal and/or alkaline earth metal, and
having a B acid content of 50umol/g or more, which supports the above active
components (A) and (B),
wherein, the content of silica is 10wt.% or more, based on the total weight of
the carrier, and the content of the alkali metal and/or alkaline earth metal
components is 0.01wt.% to 10wt.% as the oxide, also based on the total
weight of the carrier.

(3) A hydrotreating catalyst of (2), wherein the B acid content in a range from
600°C to 800°C in the 2,6-DMPy-TPD profile accounts for 10% or less of the
total B acid content.

(4) A hydrotreating catalyst comprising a carrier composed of silica, alumina
and a metal component of boria or the like, and having a B acid content of
50umol/g or more, which supports the above active components (A) and (B),

wherein, content of silica is 10wt.% or more, based on the total weight of the
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(7) Method for hydrotreatnent of sulfur-containing hydrocarbon oils using
the catal yst or carrier, described in (1) through (6). EFFECTS OF THE
PRESENT | NVENTI ON I n accordance with teaching of the present invention,
descri bed above in detail and concretely, the hydrotreating catal yst of the
present invention exhibits inproved tolerance to the inhibiting effects by
H err]S and high desul furization activity by supporting at | east one active
conponent (A) selected fromthe elenments of Goup 8 and (B) at |east one
active conmponent (B) selected fromthe elenments of G oup 6 on the carrier
having a Bronsted agcid content of 50[err]nol/g or nore, in particular the
silica-al uﬁiaﬁgeﬁra‘gfl i ca-al um na-third conponent carrier finely dispersing
silica and | B ' n 3 lyol./ g ,aor rg. Use of
t he hydr ot rcggﬁﬂr}go cat :Iﬁgia{tlség?pq@(eéhgroggg%ﬁ |rné\ilfeenlﬁflg%(};1}g gﬂ[omf%%éyw t.% as

desul furi zaheoxide.adso bdsal e@she gotalikfeighComtherdartier0. 05w . % or | ess, of

sul fur-cgnt ai ning hydrocarbon oils, in particular those containing a high
content &P Adydgetreatige catalyst cgmprising( 4 c@yrigncovgwsad dfasilica| aluE@a The
27 hydr gt reat.in atal yst of the sent inyention is also useful for
yclr oden t ABSCAARBR O EOTEAEEh h oAt FAGME 2 Enatifcamiont ofgaNsIolE: oy or
the |ike. RBREE | 256 | ' ' escri bed nore
concretely by %@1%5%&%%%%9E§BQ§QLU$§§% g@% "ES, which by no
means | i m twhéreiprtheawntemyvefidilicnis TOwt $aoPhtore| basddsed the tésAMAES and

COMPARATI VE, EXAMPLES %_e descri bed below. Sanple Ols Atotal of types of
sanpl e oi | $NCEABARL,iANATabl e 1, were prepared using n-

the content of the phosphorus component is 0.01wt.% to 10wt.% as the oxide,

-

also based on the total weight of the carrier.

(6) The silica-alumina or silica-alumina-third component carrier, having a B
acid content of 50umol/g or more, for the above hydrotreating catalyst.

(7) Method for hydrotreatment of sulfur-containing hydrocarbon oils using the
catalyst or carrier, described in (1) through (6).

EFFECTS OF THE PRESENT INVENTION

In accordance with teaching of the present invention, described above in

detail and concretely, the hydrotreating catalyst of the present invention
exhibits improved tolerance to the inhibiting effects by H,S and high
desulfurization activity by supporting at least one active component (A) selected
from the elements of Group 8, and (B) at least one active component (B) selected
from the elements of Group 6 on the carrier having a Br¢nsted acid content of
50umol/g or more, in particular the silica-alumina or silica-alumina-third
component carrier finely dispersing silica and having Brgnsted acid content of
50pmol/g or more. Use of the hydrotreating catalyst of the present invention
allows deep desulfurization, e.g., decreasing sulfur content to 0.05wt.% or less,
of sulfur-containing hydrocarbon oils, in particular those containing a high

content of sulfur, e.g., light gas oil (LGO) and vacuum gas oil (VGO). The
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hexadecane (n-Clerr]), treated light gas oil (LGOT), 4,6-dinethyl

di benzot hi phene (4, 6- DVDBT), dinethyl disulfide (DVDS) and quinoline. LGOT
contains 0.29wWw . % of sulfur, nostly derived from4, 6-DVDBT. 4,6-DVDBT is a
nodel of difficult-to-renove sul fur conpound present in hydrocarbon oils,
and DVMDS is a nodel of conpound which generates hydrogen sulfide. Table 1

Sample Gls 1 2 3 4 5 6 7 Conposition (Wm.%

n-Clerr] 99.70 98.92 97.72 93.82 93.75 - 99.63 LGOT
- 98.47 - 4.6-DVDBT 030 030 0. 30

0 30 O. 5. 88

1 47 ﬁwq{:&aq%g cataPND of the present _invention 015 Oa]@? @squl 0K)7

ONDS: der 1o eat oo aation, by (rocPagking higfiogtainafladtion, fifofhistiop fhe°

n- C[err]hke n- hexadecane LGO- T treated |ight gas oil (sulfur content:
di benzot hi ophene DVMDS : di net hyl
»8ts Alerr] Alerr] and Alerr] 80.13g of

: ‘ VB OD B
R ka) g ?E?‘i‘*e nﬁﬁféé‘@?eﬁﬂ“( (5 Jgfafidd Shblo Ehbherel MYy JLPRERSNS
[ CH er r | EMAMAPTHS rar dCOOVPARATTEE rEXAMILESd rdeidh Byy Tiokyeaadinitktigy o) ,
with sti f)fés'agt n%entlon.
The sample oils used in EXAMPLES and COMPARATIVE EXAMPLES are
described below:
Sample OQils
A total of 7 types of sample oils, shown in Table 1, were prepared using n-
hexadecane (n-C,y), treated light gas oil (LGO-T), 4,6-dimethyl dibenzothiphene
(4,6-DMDBT), dimethyl disulfide (DMDS) and quinoline. LGO-T contains
0.29wt.% of sulfur, mostly derived from 4,6-DMDBT.
4,6-DMDBT is a model of difficult-to-remove sulfur compound present in

hydrocarbon oils, and DMDS is a model of compound which generates hydrogen

sulfide.
Table 1
Sample Oils
1 2 3 4 5 8 7

Composition (wt.%)

n-Ce 99.70 98.92 97.72  93.82 9375 - 99.63

LGO-T . . . . . 98.47

4,6-DMDBT 0.30 0.30 0.30 0.30 0.30 - 0.30

DMDS - 0.78 1.98 5.88 5.88 1.47 -

Quinoline . - - . 0.07 0.06 0.07
Sulfur content (wt.%) 0.05 058 1.40 4.05 4.05 1.05 0.05
DMDS-derived sulfur content wt.%) 0 0.53 1.35 4.00 4.00 1.00 0

n-Cyg : n-hexadecane

LGO-T . treated light gas oil (sulfur content: 0.29wt.%)
4,6-DMDBT: 4,6-dimethyl dibenzothiophene

DMDS  : dimethyl disulfide
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80[err]C for 5h, to which 69.3g of tetraethoxysil ane
[Si(OCerr]Herr])[err]] (Koso Kagaku Yakuhin) was added to be further
reacted with the above at 80[err]C for 12h, with stirring. Then, 225.8m of
wat er was dropped to the above effluent at Im/mn, for hydrolysis at
80[err]C. On conpleting the hydrolysis, the product was dried at 90[err]C
and calcined at 600[err]C for 5h in a flow of air, to prepare the
silica-alum na conposition. It contained silica at 50m.% Next, 5.50g of
nickel nitrate [NN(NJerr])[err]-6Herr]0] (produced by Koso Kagaku

Yakuhi n)m%gggg(amni um nol ybdate [(NH err])[err]MJ[err]Jerr]4H err] 0]

(produce agaku Yakuhin), and 3.1g of citric acid were dissol ved
i n 40. 5g e i on of concentrated amoni a water and pure water,
to pr epa%h%‘%’?%# i npregnation. Conposition of the nixed sol utlon
of concent I3y £35 ATHIGHANTEEriRBroifixede \{AP(&KEHE]%&&M%H“ By Sekahwen for

i npregnation at pH=9, after it dissolved all of’ t'ie above solutes. The
above si Rika) awasi mixednposl t rancteds withi nﬁ&i&gbabéd%méthyﬂpmtamm%hbht i on

S%aL2eaﬁﬁéﬁaﬁﬁ@xﬁ%@@sﬁzmm%g%&8&%& 3{@88% B70), SUp PR, b
catal yst sic@ bl spIS WHitl BREHBEREARRORiT A [SROLATY, ' oald '1&%5 B the

20w . % and 95wt wer e prepare e sa mann r-as ove

rati o of Yakuhin)iwas adided ephepfwrtige ﬁm‘dtédBWiﬂﬁtH@éN@é ansove oL IPRIREkh They
were used to prepare Catalysts Alerr] and A err}1 containing silica at

200t . % aStdrmyngt . eneg%%@ml\dlvyatem@ droppe rtert snaanfaeﬂltmrttr&t lahlmén, Each

giiége( dro%gf\tlnabgg ‘EPé‘[‘?elll; ! @ﬁe}) A&g;ﬂ%dgonévgls ed m}é}ckel

! e A B
i n pl acecampofitioni | Itecrtiaimedailica at 50wt.%.

Next, 5.50g of nickel nitrate [Ni(NO,),*6H,0] (produced by Koso Kagaku
Yakuhin), 6.93g of ammonium molybdate [(NH,);Mo,0,,*4H,0] (produced by
Koso Kagaku Yakuhin), and 3.1g of citric acid were dissolved in 40.5¢g of a mixed
solution of concentrated ammonia water and pure water, to prepare the solution
for impregnation. Composition of the mixed solution of concentrated ammonia
water and water was set to adjust the solution for impregnation at pH=9, after
it dissolved all of the above solutes. The above silica-alumina composition was
coimpregnated with the above solution by the Pore Filling method, dried at
110°C for 48h, formed into a disk shape and calcined at 500°C for 3h in a flow of
air, to prepare Catalyst A,.

The silica-alumina compositions containing silica at 20wt.% and 95wt.%
were prepared in the same manner as the above, except the ratio of aluminium
triisopropoxide and tetraethoxysilane was changed. They were used to prepare
Catalysts A, and A; containing silica at 20wt.% and 95wt.%, respectively, also in
manner similar to the above. Each of the hydrotreating Catalysts A,, A, and A,
contained nickel oxide (NiO) and molybdenum oxide (MoQO,) at 3wt.% and
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conposition of Catalysts Alerr] described above . The content of silica in
the porous silica-alumna was 95wt. % This catal yst contained nickel oxide
(Ni O and nol ybdenum oxide (Mo(Jerr]) at 3wt. % and 12wt. % respectively.
The mesoporous silica-alum na conposition was prepared by the foll ow ng
procedure. 170.11g of water glass No.3 (produced by Koso Kagaku Yakuhi n),
6. 79 of sodiumalum nate (NaAlJerr]) (produced by Koso Kagaku Yakuhin),
75.5g of n-hexadecyltrinmethyl anmoni um brom de

[(CTerr]Herr] N(CH err])[err]Br] (produced by Tokyo Kasei Kogyo) were

di ssol ved in 975.57qg.0f water. This solution was adjusted at pH=10 with
20. 4g of 18yt fo/&rlqeép%(%i‘@ ly.H err] sq err]). It was then treated under
hydrotheg%é%g_% itions, with stirring, at 120[err]C for 82h in an

aut ocl av product was washed with water, dried at 110[err]C for 16h,
and cal ci neCatallyS08] whs ]p@ef)ﬁ’fe(ﬁfh the s‘&rﬁ@%@nﬁéleaﬂﬁé’pﬂfo@@seﬁéelp'tcﬂ’ia@léJm na
conposi tion. It showed different crystal structure fromthat of

silica- ammpnarmrmhsa-iaimn@ze compogitidn mpmad inopkape of fthe sikicd- ahfmmaea and

?;X%Z?S&me%k@%‘éf CeitaliSthripAestriba cahoveanc! Rarioatent of ied on ém yst
the o |+ B Albna B E%S%&%‘#f 22 ThRnaelR)sERtaales ikl PSSO § o

and nol yhdémishybdestem daak €Md).) at 3%%%@1&&?% r@@&)ercﬁ%BBﬁt'Vay Cat al yst
Alerr], Catalyst Alerr], Catalyst Alerr], Catal yst err] ‘and Conparative

Cat al yst Al’lf,lmm;nmrtmsmhaaalumperqo}mms&gon VB p(lj‘egamd/bgy tBé[feHm}[m[g /g, .
con et erm ne

by t he nRTRsHuRRscF TG e Barter s ?@%eﬁ‘o Eipituced BioKSEh Kazak Jakobi ected

by . VaCH%MM(ﬂMﬁ%g m gﬂ‘ HBI’ Ope}’t | egq%?gé]%ﬁ Yaﬁtlhfxgl ys

det erm ned "by conductonetric t| traf ese ca
gi ven i noflakhexatlecyltrimethyl ammonium bromide [(C,.H,;N(CH,),Br] (produced by
Tokyo Kasei Kogyo) were dissolved in 975.57g of water. This solution was

adjusted at pH=10 with 20.4g of sulfuric acid (H,SO,). It was then treated

are

under hydrothermal conditions, with stirring, at 120°C for 82h in an autoclave.
The product was washed with water, dried at 110°C for 16h, and calcined at
600°C for 5h, to prepare the mesoporous silica-alumina composition. It showed
a different crystal structure from that of the silica-alumina composition (e.g.,

with respect to specific surface area and average pore diameter).
COMPARATIVE EXAMPLE X
Comparative Catalyst A

Comparative Catalyst A was prepared in the same manner as that for
Catalyst A,, except that alumina (produced by Nippon Ketjen) was used in place
of the silica-alumina composition. This catalyst contained nickel oxide (NiO)
and molybdenum oxide (MoQO;) at 3wt.% and 12wt.%, respectively.

Catalyst A,, Catalyst A,, Catalyst A;, Catalyst A, and Comparative Catalyst
A contained B acid at 50pmol/g, 150umol/g, 85umol/g, 180umol/g and Oumol/g,

respectively. B acid content was determined by the method described earlier.
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"~ Tabl e 2 EXAMPLE X Catal yst Alerr] Catal yst Alerr] Catal yst Alerr]
Catal yst Alerr] Conparative Catalyst A Carrier Type of carrier .
Silica-Alumna Silica-Alumna Silica-A unmna Mesoporous Silica-Al umna

Al um na Specific surface area (nferr]/g) 670 660 400 970
200 * Silica content (w.% 20 50 95 95

O * Bacid content ([err]nol/g) 50 150 85 180

0 Quantities of supported active conmponents NNQwW. % 3 3

3 3 3 Mderr] (W.% 12 12

12 | d content: Bronsted acid cgntent

2 12. B
DESUL FUREZAW@}%%WﬁhWHhemea@%feﬁﬁ BY ra yacwamcdedre Lprosiuepd hyaShinku est ed

for its fury ' Y S| I ] in.Table 1 by
21 ow ¢ SR, i f85heRy 36 TINPYNRY dsafrn Rl By RondpioRiBeioitahef ¢ 3
gi ves t hergpstidsusfithabé eatal Pt ap0RsWdd ANTableph catalyst was nilled to have
a dianeter of 0.6 to 0.8mm and 0.5g of the mlled catal yst was charged
into the autoclave. The sanple oil was treated over the catal yst until

sul fur content attained an equilibri ul;r;glfel evel, which took about |h, and
5 :

desulfurization rate (% as the cata ZActivity was determined from the
equi H-brium sulfur content— The tol BXAMIELIHK the jphibiting effects hy

H2S with Sanple Q| %ebtidef P4 1 frébifeds )l f9PF99t i on _act i ViOPReaifetRialr At
Sanpkg:i& | 2 relative to the activity with Sanple Gl 1 (n-Cerr]

I ncor Poe effcederon| y wistida-Aldmi@- DEEIBTIminkl N dBifkca-Adi@a d 08 udofoldBilicZzAtni@N t4@sha cONndi ti ons
shown spdatickalte£arad m2ENUS t he t edoer ance abo t he i nhi bybhi ng ef f ectsgg by H2S was
31

» Silica content (wt.%) 20 350 95 95 0
* B acid content (umol/g) 50 150 85 180 0

Quantities of supported
active components
NiO(wt.%) 3 3 3 3 3

MoOy3(wt.%) 12 12 12 12 12

B acid content: Brgnsted acid content

ESULFURIZATI T METHOD

Each hydrotreating catalyst prepared was tested for its desulfurization
activity using the sample oils shown in Table 1 by a flow type autoclave (inner
diameter: 25.4mm and length: 100mm). Table 3 gives the desulfurization test
conditions. Each catalyst was milled to have a diameter of 0.6 to 0.8mm, and
0.5g of the milled catalyst was charged into the autoclave. The sample oil was
treated over the catalyst until sulfur content attained an equilibrium level,
which took about 1h, and desulfurization rate (%) as the catalyst activity was
determined from the equilibrium sulfur content. The tolerance of the
inhibiting effects by H,S with Sample Oil 2 is defined as the desulfurization
activity with that Sample Oil 2 relative to the activity with Sample Oil 1 (n-C,
incorporated only with 4,6-DMDBT) under the desulfurization test conditions
shown in Table 3. Thus, the tolerance of the inhibiting effects by H,S was
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determined with Sanple Gls 3 to 7. The desul furization test was al so
conducted separately with n-Cerr] incorporated only with DVDS, which
confirmed that DVDS was thermally deconposed al nost conpl etely and sul fur
contained therein was totally converted into Herr]S. Table 3

Desul furization Test Conditions I U Sanple oil flow
rate (m/mn) 0. 15 0. 05 Reaction tenperature ([err]C

310 340 Hydrogen partial pressure (MPa) 0.9 .
Hydrogen flow rate (NL/L) 400 400 EXAMPLE X-1 Sanpl e

Ols 1tq 4, s,hO\é/n i,aﬁgbl e 1, were desulfurizatiogon-tested in the presence
of Cat al §feterapiBed] wiycPampte ¥ids13 U0 Zat i Dhe t deguligirationo test veamowdse n

Tabl e 3. t e given in Figure, 1, .wh hows .t he

rel ati ong?%&gu%gg\%éﬁﬁgﬁy es u?’?jd?} 786 %rr?tg@tofl}/‘f W@Pmsn‘f"ﬁ@ ggnfirmed
DVDS- der tydDMIDEWas Bhéhgalf@etempPbsed SIAYEARAIPELEFAMI-Falfad cddiGined
desul furi zation test was conducted under the sane conditions as those for
EXAVPLE hereox aegst totally coovgrediintedISht al yst A was used in place of

Catal yst A2. The test results are also given in Figure 1, which shows the
rel ati onshi p between the desul furization activity and content of

DVDS- dei i ved sul fur in the sanple oilg EXAMPLE X-2 The desul furization

t ests wer e—conducted-with-Sample G|l —5shown in Table phi ch was
passed overDdsalfatiygioneet Cdnditieatsal yst Alerr],jCatal yst Algrr], Catal yst
Alerr] and Conparative Catal yst A under the desulfurization test conditions

|1 shown i rPample oil flow rate (ml/min) 0.15 0.05
Reaction temperature (°C) 310 340
Hydrogen partial pressure (MPa) 09 09
Hydrogen flow rate (NL/L) 400 400
EXAMPLE X-1

Sample Oils 1 to 4, shown in Table 1, were desulfurization-tested in the
presence of Catalyst A, under the desulfurization test conditions I shown in
Table 3. The test results are given in Figure 1, which shows the relationship
between the desulfurization activity and content of DMDS-derived sulfur in the
sample oil.

COMPARATIVE EXAMPLE X-1

The desulfurization test was conducted under the same conditions as those
for EXAMPLE X-1 except that Comparative Catalyst A was used in place of
Catalyst A;. The test results are also given in Figure 1, which shows the
relationship between the desulfurization activity and content of DMDS-derived
sulfur in the sample oil.

EXAMPLE X-2

The desulfurization tests were conducted with Sample Oil 5 shown in Table 1,
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" Tabl e 3. These catal yst sanples had different B acid contents. The test
results are given in Figure 2, which shows the rel ationship between the
tolerance to the inhibiting effects by H2S and B acid content. EXAMPLE X-3
The desul furization test was conducted with Sanple Gl 5 shown in Table 1
whi ch was passed over Catalyst Alerr] under the desulfurization test
conditions Il shown in Table 3. The test results are given in Table 4. The
test was al so conducted over Catalyst Alerr], which contained the sane
silica content (95wt.% and was on the silica-al um na (anorphous

silica-al ynm.na carrie({, under the same conditions. The test results are
al so gi v&RI¢ vz%sbpgssp, pyer Ledplyst donCatalyst A, Catalygt d;ACatalyst A, and

Cat al ' * T o .
or1 oo of ShfildredtR Chigsr 4NREer the delfyrivation tagtecanthBoRRHD APy in
970 Table 3. These cataly$0QampRd hed @FRRt BVicid contents. The tegtg
95 * B acid content ([err]nol/g) 180 5

Cont ent sregfultshareugivent énl Eiguree2covipoheshows tkieOpelatidnship between the

3 e .. 3 MJerr]l(w, 9 . 12
12 Cat al %?r%tﬂrﬁbﬁdﬁl@l@}%%‘%%qw é@g %%dé) asdd gontantzat i on activity

8. 55 3.33 * Tolerance to the inhibiting effects by
H2S 0.34 0.22 B acid content:

Br onst edEXAMPEFE Kemt Tol erance to the inhibiting effects by Herr]S:
Rel ative desul furization activity (a)/(b) in percentage, where (a) is the
activity wikhe deslferization tesiswasic ed hvath Saoipleddd 5 $haw i Habies 11 he

activit yw‘ﬂnlcthh wséas z!ts%e léve%' éa?tsaisres(% Aﬁnﬁjr?(ie]} tqlee ggsr{ﬂl"&ii%gorl test conditions IT
shown in Table 3. The test results are given in Table 4. The test was also
conducted over Catalyst A;, which contained the same silica content (95wt.%)
and was on the silica-alumina (amorphous silica-alumina) carrier, under the

same conditions. The test results are also given in Table 4, for comparison.

Table 4
Catalyst A, Catalyst A,

Carriers

+ Type Mesoporous silica-alumina Silica-alumina

* Specific surface area (m%g) 970 400

* Silica content (wt.%) 95 95

* B acid content (umol/g) 180 85
Contents of the supported active

components

+ NiO(wt.%) 3 3

* MoOg(wt.%) 12 12
Catalyst performance evaluation
results

* Desulfurization activity 8.55 3.33

* Tolerance to the inhibiting

effects by H,S 0.34 0.22

B acid content: Brgnsted acid content

Tolerance to the inhibiting effects by H,S: Relative desulfurization activity (a)/(b)
in percentage, where (a) is the activity with Sample Oil 5 tested under the
conditions II and (b) is the activity with Sample Oil 1 tested under the conditions I.
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33 As shown in Figure 1, Catalyst A2 has a much higher activity than
Conparative Catalyst A, even with the DVMDS-added sanple oil, i.e., the
sanple oil which produces a |arger quantity of hydrogen sulfide, by which
is meant that Catal yst A2 has notably inproved tolerance to the inhibiting
effects by Herr]S. It is considered that the inproved tolerance mainly
results fromthe interactions of the spill-over hydrogen formng sites (N)
with the silica-alumna carrier. Figure 2 shows that the tolerance to the
inhibiting effects by H2S increases linearly with B acid content of the

cat al yst. Q%s own i.n ble 4, it is also_noted that Qatalyst_Agerr] on the
mesopor ous ‘&1 [$POF | Wi AguEer 1i Satalyst % gresh deigher uastivaty ofhan

activity . L.nhjRiti H?S than talys
Alerr] ogat eatjr glﬂm?%pﬁous); Sgl‘dﬂkglaEh Q{H &?ﬂthgﬁ%%&ﬁglgﬁﬁgﬁl 2%%‘8%%8%1'% ﬁ?ec%a%Biﬁ ent,
concei vagil whieb roduges 4 Lagleh QuaBSRP Of Bydrsdeni fiafidk Wy dAiGRI Rans thaf ger
specific _surface area which increases B acid content and allows the active
conponentatalgshd, hiasputably iaproved teleyangxtoshEinhibiting piectsbyoH,S1glnf

?ngﬁt giju]‘rﬂn (%orﬁlls_gg%%ﬁbtgx}a%}b%o&éﬁ&é%géé%gﬂ l‘(zs[u%sr tlr]om t Se gtéggct?or}gs
CH $ » (N tihrr L f
Shr Lo v ch 68, g ol PerrRet novyait ahce (Y o e ol dthalioyttier G

to be fuFigure 2 eshowedthat bhé tolezhnve tatth80indibitiag effedtdhby M isdrensdsg, to
forma glﬁmg neous sol ution. Then, 225 .8nl of water was d‘F_op_ped to the
above solledidn vath Bracidigonteny ofthe eatalsiss. As showarin]Rabled, iasylss noted he

hydr ol ysj oquct gel was dried.at 90[err] C and cal ci ned .at ,600[err]C

for 5h i‘]'r}#sdé“ ¢$€a\%§ %‘f jz{ai"ﬂﬂ, b BreB AT S ﬂ@céiﬁ?ﬁg’@é‘} |°&H1ﬁ5%€6r&>6%'i“ih 3hqry

cont ai negesulfurezatddn AvitP abl@Xtoleranced | oh&hitiy

IR (N o Plrtaatin, adlvith atiboloiane Ef&gﬁw%g’??%}%ﬂ%ﬁ%gtgt by H.S than

[ (NH[ er r@atadysf AbperthpGiraorfhoii sitich-@lumamal cdrid@gobthecsdme Gildei Sonvene,

di ssol ved i n. 5% 29 . - . .
conceivably “resulting from the mesoporous silica-alumina carrier’s larger
specific surface area which increases B acid content and allows the active
components to be dispersed more finely.

EXAMPLE Y
Catalysts A,

96.51g of aluminium tri-sec-butoxide [Al(sec-OC H,),] was mixed and reacted
with 800ml of 2-methylpentane-2,4-diol [CH,CH(OH)CH,C(CH,) ,OH], with
stirring, at 80°C for 5h, to which 69.3g of tetraethoxysilane [Si(OC,H,),] was
added to be further reacted with the above at 80°C for 12h, with stirring, to form
a homogeneous solution. Then, 225.8ml of water was dropped to the above
solution at 1ml/min, for hydrolysis at 80°C. On completing the hydrolysis, the
product gel was dried at 90°C and calcined at 600°C for 5h in a flow of air, to
prepare the silica-alumina composition. It contained silica at 50wt.%.

Next, 7.79g of nickel nitrate [Ni(NO,),*6H,0], 9.81g of ammonium
molybdate [(NH,),Mo,0,,*4H,0], and 4.33g of citric acid were dissolved in 56.2g

of a mixed solution of concentrated ammonia water and pure water, to prepare
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~of a mxed solution of concentrated ammoni a water and pure water, to
prepare 34 the solution for inpregnation. Conposition of the m xed
solution of amonia water and water was set to adjust the solution for

i npregnation at pH =9, after it dissolved all of the above solutes. The
above silica-alum na conposition was coi npregnated with the above sol ution
for inpregnation by the Pore Filling nmethod, dried at 110[err]C for 48h,
formed into a di sk shape and calcined at 500[err]C for 3h in a flow of air,
to prepare Catalyst Alerr]. Silica dispersibility of the carrier for

Catal yst JAlerr]. was determ ned by the [err]Si-.  NVMR net hod under the

fol l 0\>//\A' n ‘lc%ﬂa'!twpoﬁgf.lwgfléyent s Composiden pf thirmyxed sehwtdon af ammonia 46. 205

[err] N | O | T Li.er contai.ned B.aci

105[ err %@%&n‘?@%g@ Srsaﬁlt tggéiilgs 0 eﬁ?’@“ églg ﬁrelrm%’belgg?hga P h_eg’ éﬁer
[err] Si - N\Rs¢olPed btizof thiet disesoleteR! OTHE SbvE QILiMAYRIRINA GREINAQbH AN by
t he | east square adjustnment nethod using the Gaussian function curve into

t hose at colgmppenatedsgppimtheoappre solagiopnfor- fprgematiog by | thepRorel Fillatzpove

lts of .{he NMR LL\Sj bt ai ned by_cal cul ati k tio,
where [ cefRiREh Rt PSCiar A6, fruted e Aiehabaap cmibreRe AR A R -
- 80ppm fog@qul gmwg@g}m({?}ﬁﬁﬁ%&t&};ﬁl@%tot al area of all peaks, and

[err] NWR peak area ratio | i Hed area of the peaks at -80ppm

-86ppm - 9HFilioa disperSiblity oftlal careicrdot Dathlgbel, ¥RdQbrididedBpke 2Si-
Catal ysts_Alerr] The silica-alumna carrier for Catalyst Alerr| was

pr epar edNMiRimethosnandetnthe followingconditionse Thertiesnlts@weCat al yst Alerr],
25 the LUNRHRAE #8A FAACRE 2 BRPEa cont ent of the cartier whs adj ust ed
at 40wt . @ NMRWsak Afdh t4re@1por agedov th the ni ckel and

The carrier contained B acid at 105umol/g.

The spectral peaks of the carrier obtained by the *Si-NMR (79.5MHz)
method were processed for waveform deconvolution by the least square
adjustment method using the Gaussian function curve into those at ~80ppm, —
86ppm, —92ppm, —98ppm, —~104ppm and —110ppm. The above results of the
NMR analysis were obtained by calculating a peak area ratio, where
(O NMR peak area ratio I is the combined area of the peaks at ~80ppm, —86ppm

and -92ppm relative to the total area of all peaks, and
® NMR peak area ratio II is the combined area of the peaks at -80ppm, —86ppm,

—92ppm and -98ppm relative to the total area of all peaks.

Catalysts A,

The silica-alumina carrier for Catalyst A, was prepared in the same manner
as that for the carrier for Catalyst A,, except that aluminium triisopropoxide
[AlG-OC;H,);] was used as the aluminium alkoxide and a silica content of the
carrier was adjusted at 40wt.%. It was then incorporated with the nickel and
molybdenum components, to produce Catalyst A;. The carrier had NMR peak
area ratio I of 71.3% and NMR peak area ratio II of 93.2%, and contained B acid
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nol ybdenum conponents, to produce Catalyst Alerr]. The carrier had NVR peak
area ratio | of 71.3% and NVR peak area ratio Il of 93.2% and contai ned B
acid 35 at 100[err]nol/g. Catalysts A The silica-alumna carrier for
Catal yst Alerr] was prepared in the same manner as that for the carrier for
Catalyst Alerr], except that the conposition of alum niumtriisopropoxide
and tetraethoxysilane was adjusted so as to have a silica content in the
silica-alum na of 60wm.% It was then incorporated with the nickel and

nol ybdenum conponents, to produce Catalyst Alerr] The carrier had NVR peak
area rati of 34.4% and NVR peak area ratio Il of 72% and contai ned B
acid at i‘géPQPF} t/g. Catalysts Alerr] The silica-alumna carrier for

Cat al yst ,Eﬂgs prepared in the sane manner as that for the carrier for
Cat al yst err], except that the conposition of alumniumtriisopropoxide

and t et r aetTiox glidasdlenming cadyies fe€ Capalysy A, ¥aSigrepardcdP it &8 sael8nner
silica-alumna of 75wt.% It was then incorporated with the nickel and

nol ybdenateahfridetoarries for GatalysiCAy,aixgept #iatrthe. coftpmsitésnibf alwnmigiven in
Table 6. ,Catalysts Alerr]. The silica-alumna cayrier for Catalyst Alerr]
was prep%&pi"#‘mg? %Qﬁéﬁgﬁﬁéqugglapﬁa\yaq 6&”@ up? FeRaYRR stitagopient
AT, b heuaio Bk GO0B0 Y O U cien iddoriBiekBSACh RO ROLALGHH 11 7St

wi th the nickel conponent e procedure i n e carrrer was

i mer s edmialyld éanmompanens.efo prduidetCathlyda.s, Thd éafRe hamdMB peili ed at
room t enperature f?r 24h, and then the carrier was imersed in a 0.5N
aqueous 3w ¥atipl gf 3hdtkand iYVRapeak arempratip HoofFd)s, ard camdaisted Beasitbalt
giriredl ?t lééﬁl[n%i/rgl C for 24h, and calcined at 500[err]C for 3h in a fl ow of

Qalalyﬂié'_z

The silica-alumina carrier for Catalyst A, was prepared in the same manner

as that for the carrier for Catalyst A,, except that the composition of aluminium
triisopropoxide and tetraethoxysilane was adjusted to have a silica content in
the silica-alumina of 75wt.%. It was then incorporated with the nickel and

molybdenum components, to produce Catalyst A;. The results are given in
Table 6.

Catalysts A,

The silica-alumina carrier for Catalyst A; was prepared in the same manner
as that for the carrier for Catalyst A,, to have a silica content of 50wt.% . It
was then incorporated first with the nickel component by the procedure in
which the carrier was immersed in 0.5N ammonia water for 2 to 10 days,
filtered, washed, dried at room temperature for 24h, and then the carrier was
immersed in a 0.5N aqueous solution of nickel nitrate for 2 to 10 days, filtered,
washed, dried at 110°C for 24h, and calcined at 500°C for 3h in a flow of air, It
was then impregnated with the molybdenum component by the Pore Filling
method, dried, formed into a shape and calcined, to prepare Catalyst A,.
COMPARATIVE EXAMPLE Y
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was then inpregnated with the nol ybdenum conponent by the Pore Filling

nmet hod, dried, forned into a shape and cal cined, to prepare Catal yst

Alerr]. COVPARATI VE EXAMPLE Y 36 Conparative Catal yst B The _
silica-alumna carrier for Conparative Catalyst B was prepared using
commercial silica-alumna to have a silica content of 56w.% It was

I ncorporated with the nickel and nol ybdenum conponents in the sanme manner
as that for Catalyst Alerr]. The carrier had NVR peak area ratio | of 12.8%
and NVR peak area ratio Il of 32.8% and contained B acid at 32[err]nol/g.

Conmparatjve Catalyst C A commercial silica-alumna carrier containing
silica abﬂgmﬁl.aw@m&porat ed with the nickel and nol ybdenum
conponent s o e.s nanner. as. that for Cat t rr], to prepare
Oogar ati veT %a%g‘}cféztﬁ%lgh rngffﬁobr %Ham géias"zﬁ@?e " i%"epag?‘f SHWe&Nnd
NVR peakcgihfiiertrili Qilica-Aunia% taNHacONhaisneh Rorehtt ajf 48k&r%] MY Gyas

Conmparative Catalyst D A commercial silica-alumna carrier contalning
silica atnmmrayeéadth ith e mpaired tagall miolyb demainmicoinplonants imthdbsanemann@onent s

at al st ADARERAFIEP fnd NWRCAEARY BAdARER ek wioasteh f RRR e ar ca

. . : . ; ;
Cat al'yst SRR A B8 BN 36 8Tehd BhratRblE WIR A2, %G1 ven i
Tabl e 6. CopiibEv¥-Cdtabmngte G| 4 shown in Table 1 was hydrotreated over

Catal ysts Alerr] to _Aier.r] under the hydrotreatnent conditions A shown in
Tabl e 5, t @\ ecoanmgreiaf hsilica-alumina carrier containing silica at 60wt.%. was

incorporated with the nickel and molybdenum components in the same manner
as that for Catalyst A,, to prepare Comparative Catalyst C. The carrier had
NMR peak area ratio I of 12% and NMR peak area ratio II of 55%, and
contained B acid at 48umol/g.

mparati lyst D

A commercial silica-alumina carrier containing silica at 40wt.% was
incorporated with the nickel and molybdenum components in the same manner
as that for Catalyst A,, to prepare Comparative Catalyst D. The carrier had
NMR peak area ratio I of 18% and NMR peak area ratio II of 30%, and
contained B acid at 30umol/g.

Properties of Catalysts A, to A; and Comparative Catalysts B to D are given in
Table 6.
EXAMPLE Y-1

Sample Oil 4 shown in Table 1 was hydrotreated over Catalysts A, to A,
under the hydrotreatment conditions A shown in Table 5, to evaluate their
catalyst performance with respect to desulfurization activity (HDS 1) and
tolerance to the inhibiting effects by H,S, defined below. The results are given
in Table 6.



catal yst performance with respect to desulfurization activity (HDS 1) and
tolerance to the inhibiting effects by Herr]S, defined below The results
are given in Table 6. 37 COVMPARATI VE EXAMPLE Y- 1 Sanple G| 4 shown in
Tabl e 1 was hydrotreated over Conparative Catalysts B to D under the
hydrotreatment conditions A shown in Table 5, to evaluate their catalyst
performance with respect to desul furization activity (HDS 1) and tol erance
to the inhibiting effects by Herr]S. The results are given in Table 6.
EXAMPLE Y-2 Sanple Ol 6 shown in Table 1 was hydrotreated over Catal ysts

Alerr] to Alerr] under the hydrotreatnment conditions B shown in Table 5, to
eval uat ecwpmmm]ﬁ%izati on activity (HDS 2), relative _

deni trogengt | ti Vit H nd rel.atjve dearomatjzation actjvity (HDA),
defi ned begoa\/\lﬁﬂl?ﬂgﬂr‘l\elgwwri %Dﬁbébgﬁ g@"r‘?sl }W‘ilrggqeé‘%%‘i 0 reiiveLatpyetsy. o
Sanmpl e BltobDSHiaWer ith Iiﬁhjf@n:b YR {i}og%m ive sts B
to D under 0t he hydlﬁ ot ‘raeat ment aco%ﬁ?%ig%ﬁisﬁ%?gsﬁgsv}m%%l a eégi,’ tt\l)oev%g%%t e

t hei r r etheir catadpstupérformancowitc réspiecy t¢ dBSaIR)rizatba tactieitgraBI DS agemat i on

activity (HDN) and,rel ative dearomatization activity (HDA), defined bel ow
The res quiesraéllcg tgithe ﬁnﬁ%blﬁ%l e%aes.ts hubl:s. 5 Thegresulte Argezivercun@abledhs

A XAM agtion tenperature ([err]C 310 320
React i onEpr eslsjgrﬁg??{g/ cnerr]Q 10 10 Hydrogen

Eag(/ s?m)! )eS@iffx%lreaoiﬂoeSéHi'd.vga in20le 1 was hyd8SPehicdUbfeh 0UEALsBPAC] VL] OCi tY
under the hydrotreatment conditions B shown in Table 5, to evaluate their
relative desulfurization activity (HDS 2), relative denitrogenation activity
(HDN) and relative dearomatization activity (HDA), defined below. The
results are given in Table 6.

COMPARATIVE EXAMPLE Y-2

Sample Oil 6 shown in Table 1 was hydrotreated over Comparative Catalysts
B to D under the hydrotreatment conditions B shown in Table 5, to evaluate
their relative desulfurization activity (HDS 2), relative denitrogenation activity
(HDN) and relative dearomatization activity (HDA), defined below. The

results are given in Table 6.

Table 5
Hydrotreatment Conditions A _B
Reaction temperature (°C) 310 320
Reaction pressure (kg/cm?G) 10 10
Hydrogen gas/sample oil ratio(SCF/B) 2000 800
Liquid hourly space velocity LHSV (h™') 1.0 1.0

Catalyst Performance Evaluation
HDS 1 :Desulfurization activity with Sample Oil 4 for 4,6-DMDBT, treated
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Cat al yst Perfornmance Evaluation HDS 1 :Desulfurization activity with
Sanple G| 4 for 4,6-DVDBT, treated 38 under the hydrotreat nent
conditions A Tolerance to the inhibiting effects by Herr]S: Relative

desul furization activity (a)/(b), where (a) is the desulfurization activity
with Sanple Ol 4 for 4,6-DVDBT hydrotreated under the conditions A and (b)
is the desul furization activity with Sanple G| 1 for 4, 6-DVDBT
hydrotreated under the conditions A HDS 2 :Desul furization activity with
Sample G| 6, treated under the hydrotreatnent conditions B, relative to

t hat of Corrparatlv t C. . HDN ... Denitrogenation activity with
Sample GO | r"é‘&@égﬁ ﬁa@OFﬁéﬁnﬁaF BQQ(HHPHE% conditions B, relative to
t hat of 'ﬁﬁ@f&l{&tﬂo%egﬁ%%l{ﬁfg[ﬁg dﬁpﬁ?,oﬁ éat Dearomati zation activity with

Sample Q , treate ment conditions B, relative to

t hat of Conpar atRelatizat ald;esﬁ]fﬁ)mzbabn] Shetivity e afa)/ifielgnewherd es(a)1ariee ﬁnaal ysi s
Anal ysi s conditions Nucl ear magnetic resonance analyzer
DSX- 400 Anal yzeddemdfumzation activity with Sa n{l)ée rl (479f(5M4é)6 RMP%‘ I's

node 0 ecou ng/ i nni ng

Beci ted pul se 11 pxgigpaed onh@REBHAREGRR W TH SpEIK BRI

140s or |onger Sy WitAlSaRRle TAPAfr 4,6- DMDBT hia&ldﬁeated under the
conditions A.

HDS 2 :Desulfurization activity with Sample Oil 6, treated under the

hydrotreatment conditions B, relative to that of Comparative Catalyst
C.

HDN :Denitrogenation activity with Sample Oil 6, treated under the
hydrotreatment conditions B, relative to that of Comparative Catalyst
C.

HDA :Dearomatization activity with Sample Oil 6, treated under the
hydrotreatment conditions B, relative to that of Comparative Catalyst

»Si-N r ic resonance analysi

Nuclear magnetic resonance analyzer :BRUKER's DSX-400

Analyzed nuclear :29Gi (79.56MHz)

Analysis mode :High-power decoupling/Magic angle spinning
Excited pulse flip angle :30 to 45°

Latency time :40s or longer

Sample rotational speed ‘TKHz

Window processing :Exponential function (coefficient: 50Hz)
Sample pretreatment :No pretreatment
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W ndow processing : Exponential function (coefficient:

50Hz) Sanpl e pretreatnent :No pretreatnent 39 Peak area
- Area of the peak waveform deconvol uted fromthe observed spectral patterns
St andard sanpl e : The peak of 3-(trinethylsilyl) propane

sodium sul fonate [(CHerr])[err]SiCerr]Herr]SJerr]Na] is regarded to be
positioned at 1.46ppm Waveform deconvol ution: The observed spectral
patterns are deconvoluted by the | east square adjustnment method using the
Gaussi an function curve into 6 peaks. Full width at half maxi num of these
deconvol ut ed peaks are given below. The full wi dth at hal f maxi of the
peaks atf®28@'¥0ppm and- 110. 00ppm ar e t‘xri’S%@‘leﬁipEﬂ‘ YfﬁY{’éorf’H@e"Q?/Y‘r’tl‘ngE?gfﬁ’d
spectral patterns fromthe 6 peaks cl Qﬁ@%se{\%dtsp&t&l?ﬁ%ﬁ%&ﬁg spectr al
ol Tows. "SI

patterns. The silica dispersibity is set as i ca bonds Peak
posi ti orf3akd@RAkampldl | Wi dth hal f nmax (Ihemkaldbf #(teMdexhylsilyl) propsh.s6@ium

Cal cul ated Si-3(QAl) - 86. 00 9.00 Si-2(0QAl)

-92.00 8.00 Si- | (Al )sulfonate [(§8l:08iCsHSO;Na] 1s regarded ® 00
Si -0 Si -104. 00 9. 00, .S -O%i -110. 00

Cal cul at ed 40 be positioned at 1.46ppm

Waveform deconvolution:
The observed spectral patterns are deconvoluted by the least square
adjustment method using the Gaussian function curve into 6 peaks.
Full width at half maximum of these deconvoluted peaks are given
below. The full width at half maximum of the peaks at -80.00ppm
and-110.00ppm are those which make the synthesized spectral
patterns from the 6 peaks closest to the observed spectral patterns.

The silica dispersibity is set as follows.

Silica bonds Peak positions (ppm)  Full width half max (ppm)
Si-4(0AD -80.00 Calculated

Si-3(0Al) -86.00 9.00

Si-2(0Al) -92.00 8.00

Si-1(0Al) -98.00 9.00

Si1-0O-Si -104.00 9.00

Si-O-Si -110.00 Calculated
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[err] hydr oxi de was used in place of the magnesiumnitrate solution, to
have the silica-al un1 na-sodi umoxide (SiJerr]-Al[err]derr]-Na[err]0)

carrier cont
for Catalyst
for Catalyst
TPD profil es
600[err] C td
80. 13g of al
and reacted
[CH err] CH(C
to which 69.
be further r
225.8m of v

hydr ol ysi s 3

at 90[err]C,
silica-al um

nickel nitrgte
[(NH[err])6hm[e .
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to prepare t
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at pH =9, 3§
silica-alum

Pore Filling
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at 500C r {3h i
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EXAMPLE

Catalyst A,, Catalyst A, Catalyst Agq, Cat
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err] € tB 400] & r] C Z00[ er r 'Ct & 600Fe
]C. The results are given in Table 7.
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respectively, based on the total weight of the catalyst. 43 The results
of EXAMPLES and COVPARATI VE EXAMPLES show that the catalyst with the active
conponents of a Group 8 elenent and G oup 6 el enent has high tolerance to
the inhibiting effects by Herr]S and a high activity, when these active
conponents are supported by the silica-alumna carrier containing silica at
2wt . % or nore, particularly 30w. % or nore, and specified NVR peak ratios |
and Il to have a sufficient content of B acid. EXAMPLES W Cat al yasts Alerr]
The silica-alumna carrier for Catalyst Alerr] was prepared in the sane
manner as that for Catalyst A[errf]s',phexcept that the silica-al uni na

conposi t hyArexdeavas itpedoin piacef ofsthe smagresinmpnigate: selufiony taphansdheis
| uti f ' itrate,b R i KLi t hod, .wh 0

concent r SRR AHABRE AT H PR AR NP br At o A et G %, 8 pave
|t . % of SHBiGrh dxide OPRén, She dalmdBPocdiued adtlusbdGhR Udtilys0a, 434k rdftat®dl i nto
a di sk shape, and calcined at 500{err]C for 3h in a flowof air, to prepare
the sili tapa¢pamen@atedgstesja (Si Jerr]-A[err]O[err]-MgjO carrier. Next,

10. 38g of nickel nitrat Nj *6H 0], .13.08g of i

ol ybat e | PREERFREICHS [HEIL ] A et A OYere RS LPAGob PR GF 6 DNEY et o
di I ' ' Lot i,aRoAf t ' t d
pur o vt AP D g eTe, & AL EE 08¢, POl up PG TG A3 OO B kT cméc

m xed sokpdiileafd gABIDIA Paigt7er and water was set to adjust the solution

for inmpregnation at pH = 9, after it dissolved all of the above sol utes.
The abov&atalyistaAal uni na- magnesi a carrier was coi npregnated with the above

oo D U8 5, RSELRdhs 8y B IE ol ity LGRS °

Catal yst ¢Al1e" f88ml {6F SAMRONIbER S22 8D (CH, B G cH BtCHYSIGH Sl
stirring, at 80°C for 5h, to which 69.3g of tetraethoxysilane [Si(OC,H,),] was
added to be further reacted with the above at 80°C for 12h, with stirring. Then,
225.8ml of water was dropped to the above effluent at 1ml/min, for hydrolysis at
80°C. On completing the hydrolysis, the product was dried at 90°C, and
calcined at 600°C for 5h in a flow of air, to prepare the silica-alumina
composition containing silica at 50wt.%.

Next, 10.38g of nickel nitrate [Ni(NO,),*6H,0], 13.08g of ammonium
molybdate [(NH/);Mo,O,, 4H,0], and 5.77g of citric acid were dissolved in
54.89g of a mixed solution of concentrated ammonia water and pure water, to
prepare the solution for impregnation. Composition of the mixed solution of
ammonia water and water was set to adjust the solution for impregnation at pH
= 9, after it dissolved all of the above solutes. The above silica-alumina
composition was coimpregnated with the above solution by the Pore Filling
method, dried at 110°C for 48h, formed into a disk shape, milled into particles of
600um to 800um in diameter, and calcined at 500°C for 3h in a flow of air, to
prepare Catalyst A,;, which contained MoO, and NiO at 20wt.% and 5wt.%,
respectively, based on the total weight of the catalyst.
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The silica-alumna carrier for Catalyst Alerr] was prepared in the sane
manner as that for the carrier for Catalyst Alerr], except that an agueous
sol ution of sodium 42 EXAMPLE W1 Sanple Ol 6 shown in Table 1 was
hydrotreated over Catalysts Alerr], Alerr], and Alerr] under the
hydrotreatment conditions B shown in Table 5, to evaluate their

desul furization activity nai ntenances by neasuring their initial

desul furization activities, and desul furization activities at 30h and | 00h.
The results are given in Table 7. Table 7 EXAMPLES W Cat al yst Al err]

o 87t e bopyes of BRANPCR ha GCOMIARATLVETESAMPLES show that the
49. 5 catalyst \%ﬁ%l[the T%F\,/& c%pggeﬁs'@% %01{8 8 element and Group 6 element

1.0 1.0

. @ga Veh‘é@@ﬁ%heﬂﬂérdﬂc@(w tH4 inhibiting effects by H,S and a hlgﬁ act1v1ty, when O
er

.
B acid cdie&matstl%ctanpm@msmmmmwtq@by ]thBISIIg)a alummagtznrner containing 95

56 5 aci ALGTEA wzc[ P%0F PhERe: @AFbOUD0Y PP or mae, and specified NMR peak

34 B I 6
Per f o?(r:nlag%ﬁeigé;\ila 1{1%214@5%%&%2%&%%%0@%% i al) o
150 EXAMPIIES® W 170

Catalysts A,

The silica-alumina carrier for Catalyst A, was prepared in the same manner

20

as that for Catalyst A,, except that the silica-alumina composition containing
50wt.% of silica was impregnated with an aqueous solution of magnesium
nitrate by the Pore Filling method, where concentration of the magnesium
nitrate solution was adjusted so as to have 1wt.% of MgO in the carrier. It was
dried at 110°C for 48h, formed into a disk shape, and calcined at 500°C for 3h in
a flow of air, to prepare the silica-alumina-magnesia (Si0,-Al,0,-MgO) carrier.

Next, 10.38g of nickel nitrate [Ni(NO,),*6H,0], 13.08g of ammonium
molybdate [(NH );Mo,0,,*4H,0], and 5.77g of citric acid were dissolved in 54.9g
of a mixed solution of concentrated ammonia water and pure water, to prepare
the solution for impregnation. Composition of the mixed solution of ammonia
water and water was set to adjust the solution for impregnation at pH =9, after
it dissolved all of the above solutes. The above silica-alumina-magnesia carrier
was coimpregnated with the above solution by the Pore Filling method, dried at
110°C for 48h, formed into a disk shape and calcined at 500°C for 3h in a flow of
air, to prepare Catalyst A,. Its composition is given in Table 7.
Catalysts A,

The silica-alumina carrier for Catalyst A,, was prepared in the same manner

as that for the carrier for Catalyst A,, except that an agueous solution of sodium
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HDS (30h) ' 130 125 140 HDS
(100h) 120 115 100 Rate of
activity mai ntenance (% Note 2) 80 77 59 Note 1)
Performance eval uation results Rel ative desul furization activity (HDS):
Initial desulfurization activities and desulfurization activities at 30h
and 100h with Catalysts Alerr] and Alerr], and initial desulfurization
activities and desul furization activities at 30h with Catal ysts Alerr],
relative to desulfurization activities at 100h with Catalysts Alerr]. Note
2) Rate Gl Vi mai nt enance (% : [HDS(100h)/HDS(initial)] X 100 44

In comaﬁm&mﬁWﬂhe above Exanpl es and the Conparative Exanples,

Cat al yst Al [&r b C j { | i and
al kal i ne ear Iﬁblrregpg]l é\csglr?pwgln%?%pleagﬁ& % g@lﬁ!rc?ttgbtedtég%m@rgfp ga“cglﬁ Irtr%%é’,A’r‘ia al nost
the saneAR afder cahedistreathbet dorftibiby -B BRowhahi Tabled, t3QR adiidteGhedr
400[err]C and 400[err]C to 600[err]C as Catalyst Alerr] containing no

al kal i néesulfungationastivitwem a1 tenaacesdry vreasuringtble gdfirizatiam t han

arimidal de
Cat al yst Alerr], ich S. acco ni.ed by, i prqv. act Vit i nt enance.
EXAMPL ESa%Y’oj(’r%fs f‘g’ﬁ/&f"é}‘ r %W??@f“%?%ﬁy APk ﬁPﬁrﬁij’%’o pMJSH&% are given
[A(i-OGerppbfderr]l)ferr]] was m xed and reacted with 788ni of
2-met hyl pentane-2,4-diol [CHerr]CH OHCH err]C(CH err]) [err]OH, with
stirring, at 80[err]C for 5h, to which 69.3g of tetraethoxysilane
[Si(OCferr]Herr])[err]] was added to be further reacted with the above at
80[err]C for 12h, with stirring. Thedabl®. 8m of water was dropped to the
above efiluent—attmitmn—forhydrolysis at-80[ertr] C—Or-completing the
hydrol ysis, the product was dried at 90[err]C, an®EXMMELEB®W at 600[err]C

for 5h ina flowof air_ to prepare the silica-alumna conposition
containing silica at 50wt. % Catalyst Ag Catalyst A, Catalyst A,
Carriers
Si0,(wt. %) 49.5 49.5 50.0
AL Oz (wt.%) 49.5 49.5 50.0
MgO(wt.%) 1.0 - -
Na,O(wt.%) . 1.0
Active components
NiO(wt.%) 5 5 5
MoO,(wt.%) 20 20 20
B acid contents
Total B acid content(umol/g) 92 95 105
B acid content(umol/g:200-400°C) 57 57 56
B acid content(umol/g:400-600°C) 30 32 34
B acid content{pmol/g:600-800°C) 5 6 15
Performance evaluation results Yot
HDS (initial) 150 150 170
HDS (30h) 130 125 140
HDS (100h) 120 115 100
Rate of activity maintenance (%) ¥*? 80 77 59

Note 1) Performance evaluation results
Relative desulfurization activity (HDS): Initial desulfurization activities and
desulfurization activities at 30h and 100h with Catalysts Ag and Ao, and
initial desulfurization activities and desulfurization activities at 30h with
Catalysts A}, relative to desulfurization activities at 100h with Catalysts A,;.
Note 2) Rate of activity maintenance (%): [HDS(100h)/HDS(initial)] X 100
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The silica-alum na conposition was inpregnated with an aqueous sol ution of
boric acid by the Pore Filling nethod, where concentration of the boric
acid solution was adjusted to have 5wt.% of boria (B[err]Jerr]) in the
carrier. It was dried at 110C for 48h, and calcined at 500[err]C for 3h in
a flowof air, to prepare the silica-alum na-boria
(Sigerr]-Alerr],Jerr]-Blerr]O[err]) carrier. Its total B acid content was
135[err] ol /g. Next, 13.77g of ammoni um nol ybdat e

[(NH err])[err]M[err]err]. 4Herr]0] 10.92g of nickel nitrate

N 6H f t d di I [

LY S b b S e A S
f ' t f

oreper e (e, i 861 LIRSCEIALA pOPTBRRLL Qb T bRl On ©

| npr egnatafh mbtamomﬁoneaftbeandts géidsal mﬂnmll/g df mbre; Iafibylensltheaamelhe
above silica-alum na conposition was coi n&eegnat ed with the above sol ution
‘P

by the PBracifticonitentsrint Hhe2,6dPMRY- él‘iPD_lm S]@Z’Q@rﬂl&h 400 randl 400°€ to di sk

shape, artjcl es of. 600[ e err

cal ci ned é{,g@%%ﬁ) tityr COpfaIRing IF‘¥ L“Hw‘ P‘@r%tagﬁ&qntﬁgrr]
whi ch co Owt n sed
on the WgJé Qirgtbeg:f %@?e(ﬁ(’:g]tt stdﬂ"](21 p‘f%blbevr}?ficgsq’gré\gﬁcgcl v riﬁtl? %)&(133) }(ﬁﬁ%onP

Cat al ystacw&nym}laiﬂtensnd:e ca alum na carrier for Catalyst Alerr] was
prepared_in the sane manner as that for the carrier for Catalyst Aerr],
except t HRAMPIES 3 (Tigerr]) was used in place of boria (Blerr]derr]),
to have h ilica-alum na-titania (SiJerr]-A[err]Jerr]-TiQ) carrier.
Then, th 2was i ncorporated with the Mo err] and Ni O as the active

conponent s s(m% W aniAhhYEiso Rivokidd [APOWELL] Sas?hitxéll Y9 tehoFab! e 8.

Catal ysts Al er The silica-alumna carrier alyst Alerr] was

pr epar edwith tT88mhnd Bempthylpentam-2 Hediol Hé)l—b@rH(Qﬁ)GHgC(@Hal SO ], Afsaithr | |

except t2&£r1rzllg,r g(t)rgoac( %orq:iﬁ,r Eg )whvi@ﬁ GUQSf)?g oif tetraethoxysilane [Si(OC,H;),] was
added to be further reacted with the above at 80°C for 12h, with stirring. Then,
225.8ml of water was dropped to the above effluent at 1ml/min, for hydrolysis at
80°C. On completing the hydrolysis, the product was dried at 90°C, and
calcined at 600°C for 5h in a flow of air, to prepare the silica-alumina
composition containing silica at 50wt.%.

The silica-alumina composition was impregnated with an aqueous solution of
boric acid by the Pore Filling method, where concentration of the boric acid
solution was adjusted to have 5wt.% of boria (B,0,) in the carrier. It was dried
at 110°C for 48h, and calcined at 500°C for 3h in a flow of air, to prepare the
silica-alumina-boria (SiO,-Al,0;-B,0;) carrier. Its total B acid content was
135umol/g.

Next, 13.77g of ammonium molybdate [(NH,);Mo,0,,* 4H,01, 10.92g of nickel
nitrate [Ni(NO,),*6H,0], and 6.07g of citric acid were dissolved in 57.8g of a

mixed solution of concentrated ammonia water and pure water, to prepare the

solution for impregnation. Composition of the mixed solution of ammonia
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pl ace of boria (B203), to have the silica-alum na- zirconia
(Sigerr]-Aferr]err]-Zrerr]) carrier. Then, the carrier was

i ncorporated with the ModJerr] and Ni O as the active conponents to prepare
Catalyst Alerr]. Its properties are given in Table 8. Catalysts Alerr] The
silica-alumna carrier for Catalyst Alerr] was prepared in the sane manner
as that for the carrier for Catalyst Al2, except that thoria (ThQ2) was
used in place of boria (B203), to have the silica-alumna-thoria
(Sigerr]-Alferr]Jerr]- Tthrr]) carrier. Then, the carrier was

I ncor pora t he Mo nd Ni s.th active c

Gat a5t VATEF 1 Qﬁ“ﬁrfﬁ o acliitetlis spbition TomeregneBRRRYL S 3. ol o
al 4 sh& Sé&v{?err 1O the%&{e‘gat 95 eMEN e S AL 3 Ons&{/&ﬁé%glﬁoﬁ[vgégr] ®and

46 al yst rotreatnent con own in Table

5 to evad)mm@ghbeed wish aheshb ey fsolmhmbyvm}iethmMngt ma:thsd fidieidzat | on
activity 5‘HDS 1) and tolerance tq the inhibiting effects H[err S. The
results al@° %f@l‘e‘?ﬁh rfomaadénw a ek shapesnpllediptapaticles mrﬁoﬁ fuer 1 was

hydr ot r eat Qv Cata d~ EO err Cat al under the
Pyl ot r ot FAREfo e FRlEe hBAR'G Ft b LA BoN S af B iRbart Erd s B o1
per f or MagagcHbikiRERMIO] AnA T L 0 Qe LhHE] BRELL MY HodddThh Bl

rel ati ve denitrogenation act|V|ty (HDN) "and rel ative dearofmati zati on

acti vi t y wetgh of tHoa2alyidbN Esgpropértiescanehgivent im Wable8. rel ati ve to t hose
with Catal yst Alerr]. Table 8 EXAMPLES S Catal yst Alerr] Catal yst Alerr]
Cat al yst @atal yst Alerr] Catalyst Alerr] Carriers

SvBlerr] d ef}ﬁé sﬂica-aluming(@irgeg rf(g Catalyst Agov/&za{s%r%%ré]red in the sgr%% f}%ﬁﬁgJ
as that for the carrier for Catalyst A,,, except that titania (TiO,) was used in
place of boria (B,0;), to have the silica-alumina-titania (Si0,-Al,0,-TiO,) carrier.
Then, the carrier was incorporated with the MoO, and NiO as the active
components to prepare Catalyst A ;. Its properties are given in Table 8.
Catalysts A,

The silica-alumina carrier for Catalyst A,, was prepared in the same manner
as that for the carrier for Catalyst A,,, except that zirconia (ZrQ,) was used in
place of boria (B,0,), to have the silica-alumina- zirconia (Si0,-Al,0;-ZrO,)
carrier. Then, the carrier was incorporated with the MoO, and NiO as the
active components to prepare Catalyst A;,. Its properties are given in Table 8.
Catalysts A5

The silica-alumina carrier for Catalyst A,; was prepared in the same manner
as that for the carrier for Catalyst A,,, except that thoria (ThO,) was used in
place of boria (B,0,), to have the silica-alumina-thoria (SiO,-Al,0,;-ThQO,) carrier.
Then, the carrier was incorporated with the MoO, and NiO as the active

components to prepare Catalyst A,;. Its properties are given in Table 8.
EXAMPLE S-1
Sample Oil 4 shown in Table 1 was hydrotreated over Catalysts A,,to A5 and

46



47.59%8i g err] 47. 598 J err] 47.59%8i g err] 47.59%8i g err]

50%6i Jerr] 47.5%A [err]Jerr] 47. 5%A1[err]Jerr] 47.5%Al [err] J err]
47.59%A1[err]J err] 50% Al[err]Jerr] Contents of active conponents
209 err]-5%\i O Total B acid content([err]nol/g) 135

125 120 112 105 B acid

content ([err] nol/g: 200-400[err] O 73 68 65
58 56 B acid content([err]nol/g:400-600[err] C 45

42 40 40 34 B acid

content ([err | {g: 60Q-8 efr}C 17... i

7o oM el iR AT S0der thk hitihroasment: sodditions Aombwe,in Tl to

Zﬁ - evaluate t}%hlair catablystH perﬁﬂmanceow%th respétt to0 de%ulfurizéﬁoﬂ' Oé&i;filf!;ﬁe to
t he i nhi | effects rr : : :

0. 68 ?f—lbé] ?balg t@.]@sa@ge to[t e i]ngibiting ef?ects by H,S. ’I7he results @g@gven in

125 Table 8 110 105 100 HDN

120 105 105 103 100 HDA

125 EXAMPLE £32 110 105 100 Notes) HDS

1: Desul furg h OP: L V] ' ' t t
condi tions ﬁg’a&@ Q‘P%é?g%ﬁ%%c?ﬁ%?%g% ggﬁdgﬁéaécg?g\%]f g/}%?lt}é%’%’égﬁ%ﬁ% ation
activi tyGaitalysfaAp! endel theohpdrarestinadnts condidionst Be shywnoin €bdblens, to
condi tions rr) relatizve to that over .Catalys [er,sr].. Tgl ernance to the
i bi t 1 AEalirtE e RLYS: pertotiartier vt aPmmset oo Folrbiye, AeRIBRS | s
under t hactivityot(HEIS ment ebii-d | a8sitAidenabRaul {ativigat (IDNIClEnd teladivd
Sample Gl 1 under .the hydro(tféfﬁgt ment conditions A) HDN. Relative
deni t r ogdRaramBAtizatipRacyvity @DA¥eni t rogenation activity with Sanple Gl 6
over a cat aliys 9 UATAN ahdSHOL RS {125 Rties QB HBEE Wilh Cakalysy] Lo that
over Catalyst Alerr]. HDA: Relative dearomatization activity. I.e.,
dearonmati zation activity with Sanple G| 6 over a catal yst under the
hydrotreat ment conditions Blerr] rel dable8to that over Catalyst Alerr],. 47
EXAMPLES—aboeve—shewthat—+the—ecatalysts—with—the—ptaldte—~conponrent—of—bori a
’ nhad 3 JQ'E ﬁ LEEA v

or thn lika ac tha third cammanant cant i
L B~ T 1T 1IN\ AT < 1 1T\ L L DL lepvllv'll COUTTOC UAT TTOU O U =r AU A O OITT

ant nf
LA BY U

50[err]nol/g Catalyst A,, Catalyst A;; Catalyst A;; Catalyst A,; Catalyst A,
Carriers 5%B,;04 5%TiO, 5%ZrO, 5%ThO,
47.5%Si0, 475%Si0,  47.5%Si0,  47.5%Si0,  50%SiO,
47 5%AL,0, 475%AL0, 4T.5%ALO, 47.5%ALO, 50% ALO,
Contents of active components ....................................... 20%1\‘1003-5%Ni0 ..............................
Total B acid content(umol/g) 135 125 120 112 105
B acid content(umol/g:200-400°C) 73 68 65 58 56
B acid content(umol/g:400-600°C) 45 42 40 40 34
B acid content(umol/g:600-800°C) 17 15 15 14 15
Performance evaluation results
HDS 1 22 21 20 19 16
Tolerance to the inhibiting effects by H,S 0.75 0.70 0.71 0.68 0.66
HDS 2 130 125 110 105 100
HDN 120 105 105 103 100
HDA 125 107 110 105 100
Notes)

HDS 1: Desulfurization activity with Sample Oil 4 under the hydrotreatment conditions A
HDS 2: Relative desulfurization activity, i.e. desulfurization activity with Sample Oil 6 over a
catalyst under the hydrotreatment conditions B, relative to that over Catalyst A,
Tolerance to the inhibiting effects by H,S:
(Desulfurization activity with Sample Oil 4 under the hydrotreatment conditions A)/
(Desulfurization activity with Sample Oil 1 under the hydrotreatment conditions A)
HDN: Relative denitrogenation activity, i.e., denitrogenation activity with Sample Oil 6 over a
catalyst under the hydrotreatment conditions B, relative to that over Catalyst A ;.
HDA: Relative dearomatization activity, i.e., dearomatization activity with Sample Oil 6 over
a catalyst under the hydrotreatment conditions B, relative to that over Catalyst A,,.
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or nore with notably increased nmedi um weak B acid contents, and exhibited

I nproved tolerance to the inhibiting effects by Herr]S, a high

desul furization activity for difficult-to-renove sul fur conpounds, and al so
hi gh deni trogenati on and dearomati zation activities. EXAVMPLE Z Catal yst
Alerr] The silica-alumna carrier for Catalyst Alerr] was prepared in the
sanme manner as that for Catalyst Alerr] to contain 50w.% of silica.

Next, 12.07g of phosphonol ybdenic acid (Herr](PM[err]derr]6Herr]O,
10.50g of nickel nitrate [N(NJerr])[err]. 6Herr]Q, 5.83g of citric acid

wer e di ssol ' . of .a m xe ol ution, of .concentrat,ed anmoni a ter
o pir o R &AM S 800 SRl SR (RS el it BeS M Al R BORe RO A of
t he m xe [ 4t 4 . i sel: Lyt

ol ut] onPpifldd iR A8THE hitd ottt Rt Eh o ARE BRI Bn it s tlifole
sol ut es. off eoxebavih sctallg-iakrutised madivimrweals B acid cameats davd telkhiiieedbove

solution by the Pore Filling nethod, dried at 110[err]C for 48h, forned
into a dimRreyeshéolgraneste thedinhibsgng sffacts thyr IBS, i high| desudfurigation o

! o I ti ' ' ' l e 9. EXAMPLE Z-1
Sarpr e vty Sy Bifchlsspn SERANY HuoRydh ML aBa 1i0h Benisspuidton
Alerr], 9RhH3<AeEmRYiz51 0N IdEvrie@nd Catalyst Alerr], under each set of the

hydrotreat ment conditions shown in Table 5, to evaluate their
desul f ur EXAM®LEaZt i vities (HDS 1 and HDS 2, described below). The results

are giveE igTaBle 9. 48 HDS 1 Desul furization activity wth Sanple
al 7 fo 4 T under the hydrotreatnent conditions A HDS 2

Rel ative desyl L2l adGkkbh ke Chtalyst&S WddPieplb®h 84 s¥inbdmdhhbr
as that for Catalyst A,,, to contain 50wt.% of silica. Next, 12.07g of
phosphomolybdenic acid (H;(PMo,,0,,°6H,0), 10.50g of nickel nitrate
[Ni(NQ,),*6H,0], 5.83¢ of citric acid were dissolved in 61.6g of a mixed solution
of concentrated ammonia water and pure water, to prepare the solution for
impregnation. Composition of the mixed solution of ammonia water and water
was set to adjust the solution for impregnation at pH = 9, after it dissolved all of
the above solutes. The above silica-alumina carrier was coimpregnated with
the above solution by the Pore Filling method, dried at 110°C for 48h, formed
into a disk shape and calcined at 500°C for 3h in a flow of air, to prepare
Catalyst A,,. Its composition is given in Table 9.

EXAMPLE Z-1

Sample Oils 7 and 6 shown in Table 1 were hydrotreated over Catalysts A,
obtained by EXAMPLE Z, and Catalyst A;, under each set of the
hydrotreatment conditions shown in Table 5, to evaluate their desulfurization
activities (HDS 1 and HDS 2, described below). The results are given in Table
9.
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Sanple G| 6 over a catalyst under the hydrotreatnent conditions B[err]
relative to that over Catalyst Alerr]. Table 9 Catal yst Alerr]

Catalyst Alerr] Carrier* SiJerr] (WM.% 50

50 Al[err]O[err](w.% 50 50
B acid content([err]nol/Q) 105 105
Contents of active conponents** NiQ w.% 5

5 MJerr] (w.% 20 20

Content of phosphorus conponent** Plerr](err](w.%
g 22 Per fﬁjﬁnce: ﬁ‘é%if&h‘ﬁggoﬁe@%ﬁ%}% v&l;l% g’ample Oil 7 for 4,6-DMDBT undgx

100 * Sigerr] ang, dir&EAR SR coniiddeacarrier are those based on the
whol e carrier, by me;iulg?i‘: ¥*Oontentg o% K?fe active nmetallic and phosphorus

conponenHDS e t:hRektbasdssudfurizitiothadteviegti Rl desulfioyizaeon AttitApMALES show
that addition of the phaosphorus conmponent i nproves tol erance of the

catal yst to the inampleQih6eoveeacatalyshnndeythe bpdanstentmenther eby great!y
enhanci ng desul furizat.ionm@activity for difficult-iq-renmove sulfur
conpounds. FI ELD & hﬁﬂ% I~ {atb‘ﬁ/ﬁ?lt%ﬁlow ?Cﬁgalé’ﬁééént i nvention relates to
a high-activity hydrotreating catalyst, conprising a carrier containing a
specific content of B acid and showi ng high tolerance to the inhibiting
effects by hydrogen sul fide, and a nfahleddfor 49

Catalyst A Catalyst A,

Carrier®

Si0, (wt.%) 50 50

AlLO,(wt.%) 50 50

B acid content(umol/g) 105 105
Contents of active components®*

NiO(wt.%) 5 5

MoO; (wt.%) 20 20
Content of phosphorus component**

P,04(wt.%) 0.82
Performance evaluation results

HDS 1 8.3 4.8

HDS 2 130 100

* Si0, and ALO, contents in the carrier are those based on the whole carrier, by weight
**Contents of the active metallic and phosphorus components are those based on the whole
catalyst, by weight

EXAMPLES show that addition of the phosphorus component improves
tolerance of the catalyst to the inhibiting effects by nitrogen compounds, thereby
greatly enhancing desulfurization activity for difficult-to-remove sulfur

compounds.

FIELD T ILIZATION
The present invention relates to a high-activity hydrotreating catalyst,
comprising a carrier containing a specific content of B acid and showing high

tolerance to the inhibiting effects by hydrogen sulfide, and a method for
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hydrotreating hydrocarbon oils using the same, exhibiting notable effects
in hydrotreating hydrocarbon oils containing difficult-to-renove sul fur
conpounds, in particular gas oil fractions. Use of the hydrotreating

catal yst of the present invention allows deep desul furization of

sul fur-contai ning hydrocarbon oils, and greatly contributes to

envi ronnent al preservation. 50 CLAIMS 1. A hydrotreating catal yst
characterized in that it conprises a carrier having a Bronsted acid content
of 50[err]nol/g or nore, which supports at |east one active conponent (A)

selected,fromthe elenents .of G,oup.8 of the Peripdi.c Table,,and, at | east
one acti P¥AEYRERHRELYEPcathon 0dy Y§iBk theesuPensrLiBRENahl% e&ﬁﬂﬁshgl

Peri odi c Hygr reqatd . ' i erein
said car P?g?étgg?r%??s S a éljlbg%sol?l% g r?ggar%aﬁl?lré P@Eg@ﬁé?x{eﬁﬁd&% rsf)dr?nflfljhe grd(l)utfl pd@:I
consi sti fygpatticalargis dl fifictionsboUsa of thé ApdsctréatiagRatalybpdhile pegehs,
thoria, magnesia,_ calcium oxide, zinc oxide, iron([llgoxide, beryl I'ium
oxi de, chwmtion allpyexieap, deshtfupization of sudfag-conptaining bydrerasbery olsrandil s.
3. The hydragtreati catal yst according to cl.ains 1 or 2, wherein said
carrier égea&i%F?l?tﬁgghqeﬁﬁf’r‘?ﬁvbrgf“r“?eé}tal@g%?eg‘l‘?%- al umi na-third conponent
carrier. 4. The hydrotreating catal yst according to claim3, where said
third conponent conprises at |east one material selected fromthe group
consisting of alkali netal conmponents, alkaline earth netal conponents,
boria, titania, zirconia, hafnia, ceria, thoria, zinc oxide,
iron(l11)oxide, berylliumoxide, chromum (Ill) oxide, phosphorus oxides,
zeolites and clay mnerals. 5. The hydrotreating catal yst according to
either one of clains 3 or 4, wherein said silica-alumna carrier or
silica-alum na-third conponent carrier has a
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silica content of at |east 2wt.% based on the total weight of the carrier.
6. The hydrotreating catal yst according to any one of clains 3 to 5,
wherein the content of the third conponent of said silica-alumna-third
conponent carrier is 0.0lw.%to 50m.% as the oxide, based on the total
wei ght of the carrier. 7. The hydrotreating catal yst according to any one
of clains 1 to 6, wherein the 51 Br[err]nsted acid content of said

carrier is 80[err]nmol/g or nore. 8. The hydrotreati nguﬂm um;ﬂllﬁﬂﬂguﬂ, ng to
any one of clains 1 to 7, wherein said active conpon LASYHSIHH at

| east one el enent selected fromt hx)mm nsi sting of cobalt, nickel,

rut heni um rhodium palladium iri %I atinum and said active

conmponent (B) is nolybdenum and/ or tungsten. 9. The hydrotreating catal yst
according to any one of clainms 1 to 8, wherein said Bronsted acid content

i s 80[ er n] Al el @tre ity cital phtahiahdeteeZERANGRRL (FtorApiRES & %rAkr h@Rdig One
el enrent selected fromthe group consisting of cobalt, nickel, ruthenium

rhodi um pahlBeynsted iacidiicomtesut fpdCurmolignor andre avhichcsupmorto ap daastt o) i s
| ybd d/ t t 10. hyd [ t I g
STl Cas al uniRavE spiPaRent (&) Srlerted Mo i Slemihes O ardineB of the Hedibdlp
' f
supports at Tlﬁgﬂe;tan(an | ﬂ,%rs't‘ﬁ ecmr'?d}fnggﬁ%ntzﬁg%ﬁ@&ea "R RS &Q%&%E)@é of ©

G oup 8 of ft eriodi ¢ Tabl'e and a active conponen

sel ected fr Group® of theePérsodic Tabdelp 6 of the Periodic Table;, charaterized
in that: (i) the silica content is at |east 30w . % based on the total

wei ght of. t Rbechydretreating ¢atalysthacenrding 4o plaimerlnswhereine saig casrier

gPZe;\éggi ]E) Iygéfpxggglég la%%asrm%{]ee}nla erial selacted f}'gr%l o g'r Zl)gc%ﬁsli\ls 1né Z)? S l\(/:lal’z) ]

alumina, boria, titania, zirconia, hafnia, ceria, thoria, magnesia, calcium
oxide, zinc oxide, iron(IID)oxide, beryllium oxide, chromium(IIl)oxide,
phosphorus oxides, zeolites and clay minerals.

3. The hydrotreating catalyst according to claims 1 or 2, wherein said carrier is
a silica-alumina carrier or a silica-alumina-third component carrier.

4. The hydrotreating catalyst according to claim 3, where said third component
comprises at least one material selected from the group consisting of alkali
metal components, alkaline earth metal components, boria, titania, zirconia,
hafnia, ceria, thoria, zinc oxide, iron(IIT)oxide, beryllium oxide, chromium
{II) oxide, phosphorus oxides, zeolites and clay minerals.

5. The hydrotreating catalyst according to either one of claims 3 or 4, wherein
said silica-alumina carrier or silica-alumina-third component carrier has a
silica content of at least 2wt.% based on the total weight of the carrier.

6. The hydrotreating catalyst according to any one of claims 3 to 5, wherein the
content of the third component of said silica-alumina-third component
carrier is 0.01wt.% to 50wt.% as the oxide, based on the total weight of the
carrier.

7. The hydrotreating catalyst according to any one of claims 1 to 6, wherein the
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[err] the conbined area of peaks at -80ppm -86ppm and -92ppm bei ng at
he conbi ned area of

| east 15% of the total area of all peaks [err]

peaks at -80ppm -86 ppm - ‘ﬁv bei ng af TL& R N

total area of all peaks. (i \i‘w as a Br[frr PnefikaT . The
hydrotreati ng catal yst acco to ctai'ns 10, wher di hBEBlLAOEDa ent
of said silica-alumna carrier or said silica-alum na-thirdcespan

carrier is at |east 40wm. % based on the total weight of the carrier.
12. The hydrotreating catalyst according to claims 10 or 11, wherein the

Br[err]nsted acid co(i:ent of a!@_g]rsujca al um /acarrler or
si i ca- al unPrdostedas B‘Pﬁﬁ?ﬁéﬁi Gargleriig 8 QGFQTrg]‘?ﬁ)‘Inpﬁe -or nore. 13.The
hydrotregtinge %ﬂdﬁa&%ggéﬁ?%%sé&gg@%@eaﬂ o%' f’& sIP1d4: WGEH, sai d

third corrponent conpri ri ec ®fr om't Re group

consi sting ehidedctaedmpomértl (A)UBROMESESat Pddsaloheeelm@hh seRtRld frefpthent s,
boria, titania, zirconia, hafnia, ceria, thoria, zinc oxide,

iron(l11)oxgueip bensistingof sebals, nmkeé,nmﬂr(emumoxhdélmm@lﬂmhm oxidiem

eolites and ¢glay mnerals, 14. The drotreatin at al ccordln to an
e ot ol FFB& Y"Etb“‘i%‘ P, S PREVEROBROAGH LB 151 YO AR AT s ol o

silica-al um *lrd conmponent carrier is 0.0lwt.%to 50w .% as the oxide,
based on the tal weight of the carrier. 15. A hydrotreating catal yst

conpri si ag The. H&dmtf@\ntng’/o:a]falyéteadwﬂdmtgr wahnponeadfatlnbhs alcc(DBd wlgereim any
one of clains to 14 based on the total weight of the catalyst. 16. A
met hod for Bgidr Bwresi@d agich coRyieend da A elis or maore: eaid aetive component (A)

comprises conf8etbl%t T b HrdCabRUht Yelecthd Brolf HhOLe us a8 LisINg" RicoBaH! N9
nickel, ruthenium, rhodium, palladium, iridium and platinum, and said
active component (B) is molybdenum and/or tungsten.

10. A hydrotreating catalyst comprising a silica-alumina carrier or a silica-
alumina-third component carrier which supports at least one active
component (A) selected from the elements of Group 8 of the Periodic Table
and at least one active component (B) selected from the elements of Group 6
of the Periodic Table; charaterized in that:

(1) the silica content is at least 30wt.% based on the total weight of the
carrier; and

(i1) the spectral patterns of the carrier observed by the nuclear magnetic
resonance analysis [**Si-NMR (79.5MHz)] are specified by:
@ the combined area of peaks at ~-80ppm, —86ppm and —92ppm being at
least 15% of the total area of all peaks, and
® the combined area of peaks at —-80ppm, —86 ppm, —92 ppm and -98ppm
being at least 50% of the total area of all peaks.

11. The hydrotreating catalyst according to claims 10, wherein the silica content

of said silica-alumina carrier or said silica-alumina-third component carrier

is at least 40wt.% based on the total weight of the carrier.

52 This Sheet Has Been Replaced

AR




conditions in the presence of a hydrotreating catalyst to any one of clains
1 to 15. 17.The nmethod for hydrotreating a hydrocarbon oil according to
claim 16, wherein said hydrocarbon oil is a sulfur-containing gas oil

raction. 53 T ) 00

12.The hydrotreating catalyst according to claims 10 or 11, wherein the
Brgnsted acid content of said silica-alumina carrier or silica-alumina-third
component carrier is 50umol/g or more.

13.The hydrotreating catalyst according to any one of claims 10 to 12, where
said third component comprises at least one material selected from the group
consisting of an alkali metal components, alkaline earth metal components,
boria, titania, zirconia, hafnia, ceria, thoria, zinc oxide, iron(Ill)oxide,
beryllium oxide, chromium(III)oxide phosphorus oxides, zeolites and clay
minerals.

14.The hydrotreating catalyst according to any one of claims 10 to 13, wherein
the content of the third component of said silica-alumina-third component
carrier is 0.01wt.% to 50wt.% as the oxide, based on the total weight of the
carrier.

15. A hydrotreating catalyst comprising 5wt.% to 50wt.% of the hydrotreating
catalyst according to any one of claims 1 to 14 based on the total weight of
the catalyst.

16.A method for hydrotreating a hydrocarbon oil charaterized in that it
comprises contacting a hydrocarbon oil with hydrogen under hydrotreating
conditions in the presence of a hydrotreating catalyst to any one of claims 1
to 15.

17.The method for hydrotreating a hydrocarbon oil according to claim 16,

wherein said hydrocarbon oil is a sulfur-containing gas oil fraction.
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