5 APR 2004 -1 HYDROTREATI NG CATALYST AND PROCESS FOR HYDROTREATI NG
HYDROCARBON O LS USI NG THEME CROSS MEERENCE TO RELATED APPLICATICN? EEE@L
application clains priority to Japanese Patent Application No. A
287424/ 1999, filed Cctober 7, 1999, which is incorporated herein by
reference. FIELD OF THE I NVENTION This invention relates to a catalyst for
hydrotreating and a process for hydrotreating hydrocarbon oils using the
sanme, nore particularly to the nulti--lconponent solid catalyst with a

hydr ogenati on-active conponent dispersed wuniformy in a matrix of
refractory, inorganic oxide, and the process for hydro- treating

hydr ocarbon oils using the same. BACKGROUND OF THE | NVENTI ON Vari ous types

of catal ysts have been ose oils, e.g.,
those with one on&O }%ﬁ ﬁﬁMé&%W‘?@gﬁaﬂd by a
refractory ipym : o \ I IHE SAME; r coni a) ,
and the hydrogenat i on- act i ve corrponent S sel ect ed from t he group

consi sting of the group 6A eI errents (e g , ol ybdenum tungsten and
chrom u o\ t pd ni ckel ). One of the
wdelym ecaay55|5|rrpregnat|on I n

whi ch a carg-ih 1édﬁlfrﬁaaﬁh§ﬂnwht3ht gusoPatead Applicatiod No.gr oup 6A
el enent groil)g 8 elenment, dried and calcined. One of the. disadvantages

i nvol vezB74P.4/lh§99,lﬁmde@cmbeoﬁ 9% achich wmmt@natfgﬂ horem BYESBIERFS he acti ve
conponent highly wuniformy, because it is highly nobile during the
catal yst production process from adsorption or precipitation to conpletion

of drylwam%@mﬂomthe 5 APR 1% -2 weak bond between the
active ' ecause the carrier is inpregnated, after it
i s prepared i thventionl réldtentod cathlysadsn elrotrapting and aprobesstfer

hydrotreating hydrocarbon oils using the same, more particularly to the multi-

component solid catalyst with a hydrogenation-active component dispersed
uniformly in a matrix of refractory, inorganic oxide, and the process for hydro-

treating hydrocarbon oils using the same.

BACKGOUND OF THE INVENTION

Various types of catalysts have been proposed for hydrotreating hydrocarbon
oils, e.g., those with one or more hydrogenation-active components carried by a
refractory inorganic oxide (e.g., alumina, silica, magnesia and zirconia), and the
hydrogenation-active component is selected from the group consisting of the group
6A elements (e.g., molybdenum, tungsten and chromium) and the group 8 elements

(e.g., cobalt and nickel).

One of the widely used methods for producing these catalysts is impregnation,
ih which a carrier is impregnated with an aqueous solution of a group 6A element
and group 8 element, dried and calcined. One of the disadvantages involved in the
impregnation method is difficulty in dispersing the active component highly
uniformly, because it is highly mobile during the catalyst production process from

adsorption or precipitation to completion of drying. This mobility comes from the




result that it is nerely adsorbed or precipitated on the carrier. Qher

di sadvantages are limted content of the active conponent and difficulty
in controlling the content in an opti numrange. The active conponenihpR 300
i rmobilized on the already prepared carrier, by which is neant that content
of the active conponent tends to be limted by total pore volune of the
carrier. The conventional catalyst, therefore, tends to suffer |ack of
honobgeneity and decreased nunber of active sites, when content of the
active conponent is optimzed to enhance catalyst hydrotreating activity.
This tends to limt its activity. Therefore, new techniques for the

catal ysts of high honbgeneity and activity have been increasingly in
demand. As one of the attenpts to realize suc?ggﬁcatal Japanese

st
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particular, sultur content of diesel fuel oil is required to be reduced to
0.05wt.%or |ower. The techniques to achieve the required desul furization
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new techniques for the catalysts of high homogeneity and activity have been
increasingly in demand. As one of the attempts to realize such a catalyst, Japanese
Laid-open Patent Application No. 83603/1986 discloses a method for producing a
homogeneous, amorphous complex metal oxide. This method, however, involves
several disadvantages. First, satisfying the amorphous condition tends to limit
content of the hydrogenation-active component, and hence catalyst activity for
hydrotreating. A carrier containing crystalline compound, e.g., -ALOs, which has
an effective function as the carrier for hydrotreating catalyst is no longer used for

this method. An amorphous metal oxide is unstable and low in mechanical strength,

and hence unsuitable for a commercial catalyst which is required to exhibit long

serviceability.

Recently, reduction of sulfur content of gas oil is strongly required for
environmental reasons, especially by deep desulfurization of stocks of high sulfur

contents, e.g., light gas oil (LGO), vacuum gas oil (VGO) and cracked gas oil. In




point. It would be desirable to provide a high-activity hydrotreating
catalyst, with a hydrogenation-active conponent highly dispersed, high in
honogeneity and containing a crystalline conponent, which is al ,sqi BPI0L N
desul furization activity for hydrotreating hydrocarbon oil, and al so
excellent in activity for, e.g., denitrogenation, dearomatization and
cracking and which can treat diversifieg types of hydrocarbon oils, e.g.,
hydr odesul furi zati on, hydrodenitrogenation, hydrodearonatizati on,

hydr oi someri zati on, hydrocracki ng, hydrodewaxi ng, hydrodenetallization, in
particul ar deep hydrodesul furization of a diesel fuel fraction. SUWA R OF
THE | NVENTI ON The inventors of the present invention have found, after

havi ng conducted extensive studies, that the catalyst conprisi {]Y%"a
refract Ol?afﬁbﬂm,%ﬂ'ﬁﬂ' aotitetet ofatieset fueli cipisrrequired o ba rducesger PP vk 72Ot i ve
component, high in honogeneity and contai rH n .Cr Stfﬁl I Lﬁe Cﬁ onent
shows hi lplweac{The teghnigiues jeiaehicsatharpauued. ,65'9@6%%% VEULPRYS g?“ a
hydrocarbon. ail. 5 APR 244 -4 The - 4 ' Vi :
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conponent hydrogenat | on-active conmponent conprising at |east one
active C&i’%ﬁﬁ@ﬁhﬁoﬁl@nezﬁﬁ]l%t-@i(ihéthyhdibenmihﬁmmhermﬁtﬁiﬁCmﬁlﬂ/ydiesalﬁmééé-t one
active conponent (B) selected fromthe group 8 EI enment s, ggoergiln til‘) t ot al
cont ent Developrentdfegtalysts o higharastiviyd peentakalso ey Lom fheadove s o s
per nole of all of the elenents that constitute the catalyst, (2) of said
hydr ogenB®Mén- acti ve conponent, any one, when present at 0.002 nol/nol or
nore, satisfies the follow ng relationship (1), established by the

el ectron probe mcroanalysis ("EPVMA") line analysis: Nmax - Nmn <

2x[ 3x( No) a. s 10waubbe d&irable to provide a high-activity hydrotreating catalyst, with a

hydrogenation-active component highly dispersed, high in homogeneity and
containing a crystalline component, which is also high in desulfurization activity for
hydrotreating hydrocarbon oil, and also excellent in activity for, e.g.,
denitrogenation, dearomatization and cracking and which can treat diversified types
of hydrocarbon oils, e.g., hydrodesulfurization, hydrodenitrogenation,
hydrodearomatization, hydroisomerization, hydrocracking, hydrodewaxing,

hydrodemetallization, in particular deep hydrodesulfurization of a diesel fuel

fraction.

SUMMARY OF THE INVENTION

The inventors of the present invention have found, after having conducted

extensive studies, that the catalyst comprising a refractory inorganic oxide matrix
dispersed with a hydrogenation-active component, high in homogeneity and
containing a crystalline component shows high activity for hydrotreating (e.g.,

hydrodesulfurizing) a hydrocarbon oil.



(N;r,, , Nmin and No are the maxi num m ni nrum and average contents of the
hydr ogenati on-acti ve conponent, determ ned by the EPMA |ine anal ysis), or
following relationship (2), established by the EPMA plane analysis: 0.8< S
parameter ‘< 1, 0.8<_ P paraneter < 1 (2) (S paraneter and P par &&RRelllkar e
an index for size uniformty and distribution of the active conponent
particles, respectively, determ ned by.4he EPMA plane analysis), and (3)
one or nore diffraction lines relevant to crystalline conponent are
observed by powder X-ray diffraction analysis. The present invention also
provi des a process for hydrotreating a hydrocarbon oil, where the oil is
brought into contact with hydrogen under hydrotreating conditions in the
presence of the above hydrotreating catalyst, 5 APR 1004 :5 BRI EF L
DESCRI PTI ON (Dhe PRAMhNES enEiog. provides arhydroEsatng ¢3talyst eontaiing Artystaling

hydrotreati ng catal yst ,prepared by. EXANMPLE.2. Fi i r.ay

di f f r act campaent CORMMFISIES rﬁEFa? LrEYyC @éﬂ‘fﬁ W@k‘%ﬁflgsﬁgf%e?\@h a?:OVPARATI VE
EXAVMPLE 3., DETAI LED DES OF THE | NVENTI ON The hydrotreating catal yst
of the phﬂ?@ﬂ?nﬁmﬁ%‘%c%%%és a refractory inorganic oxide matrix

uni fornl y .di iWhidati Retd@Prisiaizi at deasd mpometive cotipgmenh(A)
hormgenegqlglhiﬁgg%gﬁ%lg?rﬁaﬁgegbﬁp}g?al | i ng co%ponent and sati S‘Lﬂﬁ ns%lt he

fol | owi ngelsqpdiffdreasoplbA ¢l2neatsy afdjor af leasrone acti¥oERMPLBFH ) sfected g
hydr ogenati on-active conponent_ is_ 0.02noles to 0.4 noles per nole of all
of the efremetitesgronpt 8 elaments WBSHCH: cat al yst. Wien two or nore

hydr ogenat.i on-acti ve componen rec:nre lo. b ©.£Xpressed
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hydrogenat i Oli%'é,f‘e%té]e‘f‘??&l]‘érﬂ}ﬂdﬁ@ftheaél&’m@ﬂ@,thmmn&eelm catialys®, 002 nol / mol or
efo

more, satisf lowing relationship (1), established by
(2) ofsad hydrogenation-active component, any one, when present at' 0.002

mol/mol or more, satisfies the following relationship (1), established by the
electron probe microanalysis ("EPMA") line analysis:

Nuax - Nanin € 2X[3%(Ng)"*+0.2xNo] ¢}
(Nmax s Nmin 2nd No are the maximum, minimum and average contents of the
hydrogenation-active compbnent, determined by the EPMA line analysis),
or following relationship (2) , established by the EPMA plane analysis:

0.8 < S parameter < 1, 0.8 <P parameter < 1 (2)
(S parameter and P parameter are an index for size uniformity and distribution
of the active component particles, respectively, determined by the EPMA plane
analysis), and

(3) one or more diffraction lines relevant to crystalline component are observed by

powder X-ray diffraction analysis.

The present invention also provides a process for hydrotreating a hydrocarbon
oil. where the oil is brought into contact with hydrogen under hydrotreating

conditions in the presence of the above hydrotreating catalyst.



the EPMA |ine analysis: Nmax- N,,un <_ 2x{3x(No)0.5+0.2xN0] (1) or
followng relationship (2), established by the EPMA pl ane analysis: 0.8 <_
S paraneter < 1, 0.8 _< P paraneter < 1 (2) The hydrotreating catgltgpitmﬁ‘s
abl.e to exhibit high uniformty, when each of its active conpone
satisfies the relationship (1) or (2), (3) Thirdly, one or nore diffraction
lines relevant to crystalline conponents-are observed by powder X-ray
diffraction analysis. 5 APR 2004 In the relationship (1), N,,,a" , N,;,,
and No are the maxi mum mni mum and average contents of the

hydr ogenati on-active conponent in the variation range, determ ned by the
EPMA |ine analysis. The conpounds useful for the refractory inorganic
matrix as the constituent of _the hydrotreating catal yst of the present

i nvent i BRIEN DESGRIBTION OF DBAWINGS:i 2 cal ci um oxi de, bori a,
zirconia, titania, thgria,,.geria, hafni ' k,OUS
other netal Big de|§_an|hﬁ- qulﬁfzi\ﬁtg?,n,p%{m@@@%%ﬁ@?ﬁ%ﬁ%%ﬁv, Séeﬁt?g%argﬁ%r e
oxi des . These include alum na-silica, alum na-magnesi a,

al um nam?ﬁ:?um na-zirconia, alumna-thoria, alumna-titania-zirconia,
si | i ca- magnegig.2 &idd XerayZdiffeanion patidrh of thohydrotsating satApstiprepargd by
silica-titania. The preferable refractory inorganic oxide matrix for the
present COMBARATIVIS BXABRLEBuni na and silica, which may be incorporated
with a third conponent, e.g., nmagnesia, boria, titania, zirconia, ceria,
hafni a, thoria and phosphorus oxide. Mre concretely, these conposites

i ncl ude alm Nand) HESCREPTION CITIREINVENTIONaN a,

al um na- %= onrda, alummna- silic a-ceri a, alum na-siljca-nmagnesia,
alum na-sili qg flﬁld&ﬂﬂreatin?g cathyat of thecprepémtsphentumn oxnpasema refractory

al um na-silica-boria- phosphorus oxide. The above refract Ortﬁr I nor anei ?r

oxi de majriorgarnit oxidevimarix wnifosmbodispeiredath 8 hydEeeRaoPAGtYESY 8¢ with

a zeolite or, clay material, e.qg.. hd L.ani s MidfSind el OySi te,
bent oni t bighnia harbeggnedfy;and ?Q}ltgwlﬁgn? %boérqé]fllr[l écg:?%é@o qeﬁlgraggr%?ﬂéélggilé]de MRt rix
COMponenk.) swing conditions (1), (2) and (3):

(1) First, total content of said hydrogenation-active component is 0.02moles to 0.4

moles per mole of all of the elements that constitute the catalyst. When two or
more hydrogenation-active components are present, the total content is
expressed as the sum content of the components.

(2) Sécondly, of said hydrogenation-active component, any one, when present at

0.002 mol/mol or more, satisfies the following relationship (1), established by

the EPMA line analysis:
Noy - N < 2X[3%(Ng)**+0.2xNo) (1)
or following relationship (2) , established by the EPMA plane analysis:
0.8 < S parameter < 1, 0.8 <P parameter < 1 (2)

The hydrotreating catalyst is able to exhibit high uniformity, when each of its
active components satisfies the relationship (1) or (2),

(3) Thirdly, one or more diffraction lines relevant to crystalline component are

observed by powder X-ray diffraction analysis.




5 APR 2004 -7 The hydrogenati on-active conponent which constitutes the
hydrotreating catalyst of the present invention is uniformy dispersed in
the above refractory inorganic oxide matrix. The hydrogenati on- &CARRVEL
conponent conprises at | east one active conponent (A) selected fromthe
group consisting of the group 6A el enents, and/or at |east one active
conponent (B) selected fromthe group.gonsisting of the group 8 el enents.
It may be further incorporated with an active conponent (C) selected from
the group consisting of the group | B, group 2B and group 7A el enents. The
group 6A el enents useful for the active conmponent (A) include chrom um
nol ybdenum and tungsten, of which nol ybdenum and tungsten are nore
preferable. Mlybdenumis nost preferable. They may. be used. eit her

i ndi vi dual | J tlee relationstip GRY, Nox » Naen 2nckie ArestiGBRRIMYIY, MifmW 1,

conponent (B) include_iragn,, cobalt, nickel ' : ' goal | adi um
osm um average Gontands QfﬁﬁWgﬁatm'%%wc?ocbdéw(?ﬁgrﬁn?@kel ,axﬁut ﬂeﬁimtﬁn’ r hodi um
pal | adi um iridjuman tyi re.preferable. More preferable active
conponeﬂ@@mnh%q%ﬁgt@%gg&g Ik&éﬂpg?ysg%d pl ati num Cobalt and nickel are nost
preferable. They may be used either individually or in conbination. The

el ements useful for the active conponent (C), selected fr mth%.%oygfl B,
group 2B anciig eotapdnds eseful for t]ilmtﬂf[ﬁfémafolﬁﬁ&%m%F‘ﬁ’é‘,’lxﬁ’ﬁﬁgﬁﬁggﬁ1 )

rhenium They may be used individually, but. I Qs | t@gn wWith
Lhe act tuchydmpsiog sl o,;,;ge P@S??élr&s&hgfg&i&iég HEfhihe, §‘AF§?§EE‘§ét h
active conponent, - : hetikepliddpthores n e
present Cﬂlﬁ?\l/‘éﬁt(?’%ae’i r&%ﬁ%ﬁ%ﬁ;“@ﬁﬁﬁﬂ% es [iera rrlofgﬁ oﬁrmgl | of the

el enentg L L Ubeidebe 16 phalousir, opidefcamapositionOhaAviDE| tHS! OF BIOKE 25
nmol / nol vm&@égﬂ%ﬁhgﬂjf’vﬁ ty orpt he 1i f<e of, the catal yst wi |l

) be. .
i nsuf fi Gxadids cain useak. | Thesedoclpda emiwngiting, ABIENR lagnest ARTINARR0R ng

the content within the ahove . e s o o
alumina-zirconia, alumtina-thona, alumina-titania-zirconia, silica-magnesia, silica

zirconia, silica-boria, silica-thoria and silica-titania.

The preferable refractory inorganic oxide matrix for the present invention
comprises alumina and silica, which may be incorporated with a third component,
e.g., magnesia, boria, titania, zirconia, ceria, hafnia, thoria and phosphorus oxide.
More concretely, these composites include alumina-silica-boria, alumina-silica-
titania, alumina-silica-zirconia, alumina-silica-ceria, alumina-silica-magnesia,
alumina-silica-halfnia, alumina-silica-phosphorus oxide and alumina-silica-boria-

phosphorus oxide.

The above refractory inorganic oxide matrix of alumina, silica or alumina-
silica may be incorporated with a zeolite or clay material, e.g., montmorillonite,

kaolinite, halloysite, bentonite and attapulgite, to form the refractory inorganic oxide

matrix component.




range realizes the catalyst high in honbgeneity, containing a crystalline
conponent and hence high in activity. Next, honobgeneity of the
hydrotreati ng catal yst of the present invention is described. . & APR 7004
"Honogenei ty" of the hydrotreating catal yst of the present invention neans
that the refractory inorganic oxide matrix is uniformy dispersed with the
active conponent particles of uniform7size. Mre concretely, the follow ng
conditions are sinultaneously satisfied: (1) the particles of the

hydr ogenati on-active conponent, conprising the active conponents (A), (B)
and (C), to be dispersed in the refractory inorganic oxide matrix are
uniformy sized, and (2) these particles are dispersed at constant

intervals. The catalyst will have high activity, when t ctiyve conponent
part i cl es arFhe hyqn}g;cnatwlftl)@ﬁttw ﬁo_ﬂ’tpﬁéf?lﬁh‘d’%&\iémeﬁ _ﬂg%hﬁv_ﬂﬁhf?ﬁ?%l y (ie
at constant intervals), .because it. ' ri bute
wi del y amlyﬂﬁiqfdhﬁwt?g%%‘@f@?ﬁé?ﬁl?/ UBff\é’mf‘HLV H% r%‘éstepﬁ‘ég@% %@%ﬁﬁ‘%ﬁf t he

present .invention i atgﬁct erm ned by el ectron probe mcroanalysis (referred
to as " mn&m,“ca%"lr“&%ﬂ. réd). Mre concretely, EPMA line analysis or plane
anal ysis is used, depending on size of 5 APR 2004 -9 the active conponent
particles and di stance between these particles, g&%{it he results are gsed

to deter ni neThe hydegenation ERRKE COMPORSAE GRMPriget HDeAGHYE SRR

distribution of the active conmponent t he I roup
5 ol ener)selecked fioRs e e COLRRANGA! e BT uh oA P ifns, SHEDE pfitiseons

h I 1.y based | | ' ¢l tscalt!
eor oss Rt vg apratripht [ sEtiod iR AEBLES Bo e O Bvent on have

expressiaﬁB of the ﬁ)resent | nventi on have

f ound, %éy‘gb hagirRaaporandl withumestivefcompendntéa) a¢lectedStomshe ERoMP a
catal yst i ﬁig 'y honmpbgeneous and shows notabl e effects of hydrotreating,
e.g., hysneieing dfithe zaoupnB, gheup 2B angtgroppesA el owi ng rel at i onshi p:
The relationship (1) is expressed as foll ows:

The group 6A elements useful for the active component (A) include
chromium, molybdenum and tungsten, of which molybdenum and tungsten are more

preferable. Molybdenum is most preferable. They may be used either individually

or in combination.

The elements useful for the active component (B) include iron, cobalt, nickel,
ruthenium, rhodium, palladium, osmium, iridium and platinum, of which cobalt,
nickel, ruthenium, rhodium, palladium, iridium and platinum are preferable. More
preferable active components include cobalt, nicke! and platinum. Cobalt and nickel

are most preferable. They may be used either individually or in combination.

The elements useful for the active component (C), selected from the group 1B,
group 2B and group 7A elements, include copper, zinc, manganese and rhenium.

They may be used individually, but preferably in combination with the active

components (A) and (B).




Nmax - Nmin <_ 2 X[3x(No)o.s+0.2xNo] f 1) wherein Nnm Nmin and No are the
maxi mum m ni mum and average contents of the hydrogenation-active
conmponent, in the variation range of the catal yst section, deterg%nﬁﬁgﬁg
EPMA |ine anal ysis. Any hydrogenation-active conponent is to be é d
by the EPVA line analysis when it is present at 0.002 nol/nmol or nore in
the catalyst. Wien two or nore types -8 the hydrogenation-active
conponents are present, each is to be evaluated, needless to say when one
type of the hydrogenation-active conponent is present. The inventors of
the present invention have found that activity of the catalyst is not
greatly affected by its honbgeneity, when the hydrogenation-active

(O t at bel 0. 002 | / mp] .. f thl Vi 4 h
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the above-d ' A 0RSERNRS01(t4)0.2 l&mdl.(C). Each
corerpgngv e@ﬁiﬁ{thgtg%%rﬁ.@ yt%ﬁhgcfég gg’&gﬁgﬁglﬂw when i(t)i s5 g_?oesent(a% 0. 882

gﬁlj/ ?Leﬁéag?i'sah%ctﬂtyt&ﬂh@ﬁﬂ@roﬂthél datalyse wilNoe isaffeciemizatysi activasur es si ze

tribution norphol ogy of the active conponent .pasrti S,
pr ocessi dignporepe sontent batesy 0 mpl/er §§§“Uﬁgft§‘? PR ngwlﬁhﬁgﬁﬁ QﬁJJ‘g%d its
distribution. It is foun .the pl ane, ar ISt {Iile/ & mbsnéitahl y
homogenerange sedizes lﬁ]&%\ﬁatﬁgfsggF@ Qﬁcgg%ﬂ@@”@%@#%&lgggfﬂ?%ﬁ%aﬁ on,m&hen it
satisfies the faql. ] : | ati onship: The relationship (2) is expressed as
foll om:@@@eélggﬁgﬁgﬁlg{tﬁ< 1, 0.8 < P paraneter < 1 (2) wherein S
paranmeter and P paraneter are an index for size uniformty and

distribution uniformty of the active conponent rticles, .respectively,
each det er mNezt, homegensitysefithe tiydrotreadiag C@Eﬁﬁ?h‘gﬁthﬁ)pr?wt E%Kfy&ﬁﬁ% e
anal ysis. S paranmeter is determ ned by processing the EPVA pl ane i mages
usi ng andescribed.

“Homogeneity” of the hydrotreating catalyst of the present invention means
that the refractory inorganic oxide matrix is uniformly dispersed with the active
component particles of uniform size. More concretely, the following conditions are
simultaneously satisfied:

(1) the particles of the hydrogenation-active component, comprising the active
components (A), (B) and (C), to be dispersed in the refractory inorganic oxide
matrix are uniformly sized, and

(2) tbese particles are dispersed at constant intervals.

The catalyst will have high activity, when the active component particles are
highly uniform in size and dispersed highly uniformly (i.e., at constant intervals),

because it will have the active sites distributed widely and uniformly.

Homogeneity of the hydrotreating catalyst of the present invention is

determined by electron probe microanalysis (referred to as “EPMA?”, as required).

More concretely, EPMA line analysis or plane analysis is used, depending on size of




I mmge analysis free software NIH I nmage, and given by the follow ng fornula:
n S=E siinsi/In(1/n) si=ai/Fail |-i wherein (n) is nunber of the active
conponent particles, and (ai) is an area of the i[err] particlegpprgggt in
the plane. 5 APR 1004 -11 P paraneter is also determ ned by processing the
EPMA pl ane images using an inmage analysis free software NIH | mage, and
given by the following formula: P= pi 8-npi/ | n (1/m pi:bi/ Ebi | 1-1
wherein (m is nunber of the divided sections of the sane area, and (bi) is
an area of the ith section. Next, crystallinity of the hydrotreating

catal yst of the present invention is described. The hydrotreating catal yst
of the present invention contains a crystalline conponent, which
represents another characteristic of the resenb i nvent jon t&ﬁith%r Smﬁth
its homiyeaetive componpnicpastislesiand distgaee egrtbess PARHCLSyrRd PIEESSBIS | i nes
are observed,in,the s tral pattern obtained by X-ray diffraction

anal ysi @r¢ xses to Q\ete%h&ereﬁ?@ogﬁlg ‘e is given in Figure 1, which shows the
XRD spectral pattern of the catalyst prepared by EXAMPLE 2. As shown, the
sharp peaks relevant to the crystalline systemare observed at specific
di ffracti on ppyi&ineRirglyss deteomindsccomichpiratioradistributies of e a¥espect r al

pattern of the catal yst prepared by COVWARATI VE EXAVPLE shgw ng no
cryst al -gbemporeenit oif thie guauipodA lalement ans/engriong & géfﬂ%é?r lf%ﬁﬁ?% ﬁ“ﬁ s

anor phous. A catal yst,. when containing a cr | SPus
hi gher atalyst:SectigBEHING re ‘éatﬁbﬁé’bq%ei?eﬁ%@%‘%{ g ﬁ?%ﬁ?ﬁ?égfﬂ%“an ity of
the acti ¢ | 15 Vadiathdohge adhievinkyntondefitlid cont ai ns
a conpo oﬁﬁﬁ%ﬂgn%esrwaa:llb’ien Qggtl) ourllz(ij suchgas a- A12G3 known to exhibit
an ef f ectiavgtfiHb&iticinhave found aftet havingianahygadiacnonbereof epesanasital a
crystal I ne conponent will secure a sufficient st rengﬁp, £

results, that a catalyst is highly homogeneous and shows notible effects o

hydrotreating, e.g., hydrodesulfurization, when it satisfies the following relationship:

The relationship (1) is expressed as follows:
Ninax = Nain € 2 X[3%(Ng)**+0.2>No] (1)
wherein Npax, Nmin and Ny are the maximum, minimum and average contents of the
hydrogenation-active component in the variation range of the catalyst section,

determined by EPMA line analysis.

Any hydrogenation-active component is to be evaluated by the EPMA line
analysis when it is present at 0.002 mol/mo! or more in the catalyst. When two or
more types of the hydrogenation-active components are present, each is to be
evaluated, needless to say when one type of the hydrogenation-active component is
present. The inventors of the present invention have found that activity of the
catalyst is not greatly affected by its homogeneity, when the hydrogenation-active
component is present at below 0.002 mol/mol. Therefore, activity of the catalyst for,
e.g., desulfurization, can be sufficiently evaluated, when homogeneity of each

hydrogenation-active component present at 0.002 mol/mol or more is measured.

The hydrogenation-active component includes the above-described active




and hence serviceability, for a commercial hydrotreating catalyst. 5 APR
2004 -12 Next, the nethod for producing the hydrotreating catal yst of the
present invention is described. The nethod for producing the ciagaﬂmslhmi S
not. limted, but the one suitable for the present invention is
coprecipitation, which sinultaneously precipitates two or nore catal yst
conponents froma m xture which contai.p® at | east one hydrogenation-active
conponent. More concretely, the process conprising the follow ng steps can
be used: (1) oxygenated organonetallic conpounds as the starting nmaterials
for the refractory inorganic oxide matrix and inorganic netal salt as the
starting material for the hydrogenation-active conponent are dissolved in
a non- aqueous solvent, to prepare a honbgeneo solutjon,, (.2

preci pi caniponentsa(Al, {B) sod &Do%apb caameabé}mﬁg ﬁ%tﬁ#ééhﬁ 6@?‘@@@‘3 A
prepared by the step (lde #g{a&regfre a gel slurry fromthe honogeneous sol,
(3) , t wehegeit isprasent 3 EA%: oL AR %p (2) is aged, and (4) the aged gel
is dried and cal ci ned. The conpounds useful as the starting material for
the refractory inorganic oxide matrix include al koxides, acetyl acetonates
and car boxyl @}, 6fe @thct/HaRtiNe® EPMA iptate, amabgmie nieasyres alizs amd sigér on,
zirconium trtanium thorium cerium hafnium and gallium of which

al koxi defistributioannaipholedy of thendiagi aegpReneat Partt %%é?cﬁﬁlf}g pRLSs Qo

preferable for their easi.ness. of .handling. .Tgﬁ ' ude al um num

met hoxi duymericatl yneiFAres e, %{"%Pﬁﬂ?%ﬂﬁ? Pﬂ%bﬁs %%béﬁfahm um num but oxi de,
tetranet hoxy silane, tetraethoxy silane, tetrai sopropoxy sil ane,
tetra-t-butoxy silane, nmagnesium nmethoxi de, magnesi um et hoxi de, nmagnesi um

i sopropoxi dey je #heidiBy ﬂﬁ@ﬁhﬁ&iaﬁaiysmnarcataih;mtiisihighbphomcamsouagpd
zi rconi um et hoxi de, zirconium5 APR 2004 -13 pr,opoxifde, .
zi 1 coni whowamdtablexffiets of hydiodesfwosating, whendhsatstiesdhr SBBRYIRE and
haf ni um et hoxi de.

relationship:

The relationship (2) is expressed as follows:
0.8 < S parameter < 1, 0.8 <P parameter < 1 ¥))]
wherein S parameter and P parameter are an index for size uniformity and
distribution uniformity of the active component particles, respectively, each

determined by processing the images obtained by the EPMA plane analysis.

S parameter is determined by processing the EPMA plane images using an

image analysis free software NIH Image, and given by the following formula:

s=$ silnsi/In(l/0) sizai/Sai,

: P th
wherein (n) is number of the active component particles, and (ai) is an area of the i

particle present in the plane.




"The conpounds useful as the starting materials for the hydrogenation-active
conponent include the inorganic netal salts described earlier.dyg
concretely, they include nitrates, chlorides, oxychlorides an hfl%hes of
nol ybdenum tungsten, chromum iron, cobalt, nickel, ruthenium rhodium
pal l adium osmum iridium platinum copper, zinc, manganese and rheni um
and ammonium salts of the acids of the-above netals. In addition to the
above inorganic netal salts, organic netal salts, e.g., acetates, oxal ates
and al koxi des, may be al so used. The non-aqueous sol vents useful for the
present invention include nonoal cohols, dival ent alcohols, ketoal cohols,
am noal cohol s and carboxylic acids. Quantity of the reaction material may

be determ ned, dependi ng on content, of the. desi ' ent. In
the step (1)P pamr?m ' s@da@n@mqﬂbbﬁf%ﬁ“%?%? @EM?@%@%‘% @vg.*ﬁé

o] enat ed organopetallic gonpo - L e fenguld:l | con
aﬂgxi den unagg %ﬁ%ﬁ g'sﬁgﬁg%??,@ﬁ%g&ﬂgﬁﬁﬁﬂﬁg‘?yﬂ@%%‘ﬁgn i ngrgalni c

nmetal salt (e.g., ammonium nol ybdate, or nitrate of cobalt or nickel) is
added with stirring, to formthe honbgeneous sol ution. Agqueous sol utions
of ammoni um nol ybdate, and nitrate of cobalt ormnickel, or the Iike may be
added in the subsequent ste tyo the ous solution prepared in
the step (1) by d §§§§#ﬂ§@p§(ﬁﬁaﬁwnlalk&§r gpgﬁgizsilicon al koxide in a
non- aqueous solvent with stirring. The hydrotreating catalyst of the
present invention, high in honogeneity, containing a crystalline conpaonent
and sat iﬁ%é&jeﬂg s AehBEs eNtiei dividel sectiom) ofitheamveareasand ) 30 ga ©
produce Y, |& particular, controlling, e.g., tenperature, pressure,
stirringhe@hdieétioms, size of the gel 5 APR 2004 -14 particles, gel particle
concentration, and quantity of hydrolyzing water in the precipitant
solution, in the step (2) as the sol-preparation step. In the step (1), the
non- agueous |l vent . 8§: ifd cdtal Edetprest imp¢gOPEr nol e of
t he total neﬁ%ﬁ%ﬁ%§g%g"§éﬁ§P%§?JIf?%éngaentg@gﬂd Eﬁggphonus whi

ch.

const i t Uy HedTrHE ﬁ?ﬂﬁﬂfdaﬁggm&tﬂymmﬂthapr@ept urvVentBn FoRtAips Pﬁa’st?ﬁmfo
| /mol . Tt lal t id f ' |

rSn(;| Vren;t Mhblersxetst,s ;SV%TCﬂ i‘,pres%n?svgﬂothgrsgha?actggst?é( SRR YesaHanbidtlo todefer

with its homogeneity. Its presence is judged when one or more diffraction lines are

observed in the spectral pattern obtained by X-ray diffraction analysis (XRD). A
concrete example is given in Figure 1, which shows the XRD spectral pattern of the
catalyst prepared by EXAMPLE 2. As shown, the sharp peaks relevant to the
crystalline system are observed at specific diffraction angles. Figure 2, on the other
hand, gives the XRD spectral pattern of the catalyst prepared by COMPARATIVE
EXAMPLE 3, showing no crystal-derived diffraction line, indicating that the

catalyst is amorphous.

A catalyst, when containing a crystalline component, shows higher activity
because of its capacity to contain a larger quantity of the active component. It will
show still higher activity, when it contains a component having a crystalline
compound such as a-AlO; known to exhibit an effective function as a refractory

ic oxi i 1 ure a sufficient strength
inorganic oxide. Moreover, a crystalline component will sec gth,

and hence serviceability, for a commercial hydrotreating catalyst.




controlling the reaction conditions in such a way to formthe stable, fluid
gel slurry, in order to prepare the catalyst of high honpgeneit In the
aging step (3), the gel slurry is held at 50 C to 99C preferabl AERZNM

| east 1 hour. This aging step mainly controls pore characteristics of the
catalyst, to enhance its reaction activity. The aged gel slurry as the
catal yst precursor is treated by filt4i@tion, settling, centrifuga
separation or evaporation to adjust content of the water-containing
solvent, and forned into a shape by tablet naking, extrusion, rotary
granulation or the like. The catalyst may be cylindrical, table-shaped,
spherical or others, such as that having a four-leaf section. It is

i nportant for the catalyst to have a shape and size which allowto contro
packi ng density in the reactor. is preferable to adjust size of the

tal yst | | et Cat al yst
di et er Pinﬂ‘;timewe%da%r55@“5#%&@%%‘@%%%%'°?E%@§5§F25e Vi eved

from ipcreasin vel %Hdc% thwcmﬁlqstsmrrmtllunﬂedmthe
cat al ysW‘iS’é‘F‘PBtlgdB%égpl ﬁq{éﬁ‘ge%togp (5 are %hen dried and cal ci.ned in the

step ( 4%, egﬂgyblg‘fﬂsr cseft iayetien csfcomm/lprtenn@,owhwél PYmu Ltaneowslyi ng,
drying H w nd, yi ng under heating_and freeze gi/gln% t%ﬁg ?éa%

cal.ci negredipitst@£two OTGﬂﬁI@MRSWPOIl@t%fr%?’({W%w al hour
to 20 h urs In an oxidatj ve, redum ng, inert, sulfiding, nitriding,

car boni pnadydroganabienASHYSHAMPRO  endi ng on their specific purposes. The
hydrotreating catal yst of the present invention has a specific surface area
of 10 n2/g to 1000 n2/g (preferably 200 n2/g to 800 nR/g total pore

vol ume of 0.0 gn&@tg g yw&fsebaiprysuﬁ)g ﬂlmfdl@\’tlﬁgﬁtwsrﬁaﬁg‘)e 2\ 'aver age
pore di arreter to [ 0A preferaaﬁ | OA to. 600 } lgf%{
hom)genqll? mqtgmatenborganoy@tadlw campousasan the Staling mete i g as t he

cat al yst hydr ot reat i n el JiN@iHg on
provi des a hsptﬂiﬂ@iqfé{d?PFﬁj‘ %?ﬁ%&angg%@gg#%m%y%amaﬁi% thge
reactions procee digsehvei @non-

I p g d‘ﬂ?ﬁ A %@Pgé&ﬁwmwe dotepegeit are diss

hydr of i ni Shl rization, hydrodenitrogenation,
hydr odear onaaq@@;,_lls@,mvdm diogireparerd hamogeneous solution,

2) a precipitant-containing solution is added to the homogeneous solution
prepared by the step (1), to prepare a gel shurry from the homogeneous sol,

(3) - the gel slurry prepared by the step (2) is aged, and

(4) the aged gel is dried and calcined.

The compounds useful as the starting material for the refractory inorganic
oxide matrix include alkoxides, acetylacetonates and carboxylates of aluminum,
silicon, magnesium, calcium, boron, zirconium, titanium, thorium, cerium, hafnium
and gallium, of which alkoxides with an alkoxy! group having a carbon number of 1
to 5 are preferable for their easiness of handling. These include aluminum
methoxide, aluminum ethoxide, aluminum isopropoxide, aluminum butoxide,
tetramethoxy silane, tetracthoxy silane, tetraisopropoxy silane, tetra-t-butoxy silane,

magnesium methoxide, magnesium ethoxide, magnesium isopropoxide, calcium

methoxide, boron methoxide, boron ethoxide, zirconium ethoxide, zirconium
2




hydr ocr acki ng, hydrodewaxi ng, hydrodenetal lization and the |ike. The
process of the present invention for hydrotreating a hydrocarbon oil is
described as follows. The hydrotreating process of the present RPRIjjioN

i ncludes all of the reactions, e.g., hydrofining, hydrodesul furization,
hydro denitrogenation, hydrodearomatization, hydroisonerization,
hydr ocr acki ng, hydrodewaxi ng, hydrodepgtal | ization, occurring when

hydr ocarbon oils are brought into contact with hydrogen in the presence of
the hydrotreating catalyst of the present invention under hydrotreating
conditions. The hydrotreating conditions can be optionally selected for
the desired reactions. The hydrotreating catalyst of the present invention
is particularly suitable for the hydrodesul furization of h drgggr?gn oi | s.
Hy dr oc aplgsb:aile szindvnitimeset-betokidea tisxni by ethexidge HEAM AR ISORFOBPBIEEANGyt ¢t he
present "invention are not limted. They include petrol eumderived oils,
e.g., 5hAﬁﬁMﬁDﬂh0XEkhatnnspheric distillates, atnospheric residue, vacuum
distillates, vacuumresidue, cracked distillates, raffinates, hydrotreated
oils, deasphalted oils, slack wax, Fischer- Tropsch wax and a m xture

thereof The B3ahusaseul 8s e sty ol mateciaby fosahe hydstgenationdactive
coal -1i quefi@@‘g?ﬁpﬁand a mxture theregof. The catal yst, of the

s r.esent

i nvent i eRpigoneat indudetie/inonianb metdloalts deserry GlELMY UF SOREF elidthey
straight-run distillates to reppve their fur | 96 taining
conpoundsclwle aitraies, Ctﬂpﬂﬂﬁ%tﬂxﬂcgg’r‘rd@ﬁﬁyg.Suﬁij‘aﬁﬁc‘?ﬁfﬁggﬁs‘{é Mfrgt e, Sg‘%}gduced by
treating, atnpspheric residu v 1h8ivdh, GirRimsl ididfmf 0 610C,
and contCArRIWngHOR; E%I??ﬁt(%‘g?] ’i%?%esrﬁ%?]’ ﬁsf'?#lpll}lr%m tlrogen a:’imd frrgt a!gi;sdis ef. g.,
at 2.0 w d @9&%’ RPMaheAndseldndrrhapiting drrdbgramonitimesadtsl ofithe eeds aitni ng
corrpound’gatii/%"?:rpua 4-rheltnh5I l?e%z%thi ophene and 4, 6- di net hyl - henzot qu hene.
The ni t rpgaBove s 1y additimutodde iabove drorggricdnatad salts, ArRARIC IR ALTH tes
whi ch are basic, and p rrol_elai whi.ch arebvveﬁ%)l se asic. The netals include
ni ckel , egpacttatesapgrlafesandaikorides,may OFARYEY by the method of the
present invention can treat these vacuumdistillates nost efficiently to
renmove sul fur and nitrogen.

The non-aqueous solvents useful for the present invention include
monoalcohols, divalent alcohols, ketoalcohols, aminoalcohols and carboxylic acids.

* Quantity of the reaction material may be determined, depending on content of the

desired catalytic component.

In the step (1), the homogeneous solution can be prepared by dissolving
oxygenated organometallic compounds (e.g., aluminum alkoxide and silicon
alkoxide) in a non-aqueous solvent with stirring, to which an inorganic metal salt
(e.g., ammonium molybdate, or nitrate of cobalt or nickel) is added with stirring, to
form the homogeneous solution. Aqueous solutions of ammonium molybdate, and
nitrate of cobalt or nickel, or the like may be added in the subsequent step (2) to the
homogeneous solution prepared in the step (1) by dissolving aluminum alkoxide and
silicon alkoxide in a non-aqueous solvent with stirring. The hydrotreating catalyst
of the present invention, high in homogeneity, containing a crystalline component

and satisfying the relationship (1) or (2) described earlier can be produced by, in

particular, controlling, e.g., temperature, pressure, stirring conditions, size of the gel




Cracked distillates are the fractions boiling at around 200C or higher,
produced by thermal cracking (e.g., coking or visbreaking) of residue, or
light cycle gas oil (LCGE) or heavy cycle gas oil (HCGO produce? Emz@
fluid catalytic cracking unit. The atnospheric distillates which é %
treated by the hydrotreating process of the present invention include
strai ght-run naphtha, heavy napht ha aogy.-kerosene fractions. They al so

i ncl ude gasol i ne conmponents produced by various cracking units, e.g.,

catal ytically cracked naphtha, thermally cracked naphtha and steam 5 APR
2004 -17 cracked naphtha, and other light fractions used as fuel conponents
whi ch boil at around 250C or |ower. The hydrotreating conditions are not

limted. They can be adequately selected for_sp c'\fi_c e.g.,

) situations,
type of payshlesaiehpartiile conctrrationaand quaatigeel hudrolyang WalHsin tg‘ﬁd t ar get
desul fuPi zation and denjtrogenation | evels. Tga?ig@r %Igr able conditions are
r eact i oprécipiiantaluéen,igche sty es the SRR B 00C to  450C reacti on

pressure: 1 kg/cn2 to 350 kg/cnR2, nore preferably 5 kg/cnm2 to 300 kg/cn®;
hydr ogen-containing treat gas rate: 301/1 to 2000 1/1, nore preferably

35111 to 1 ' | et llgﬁwd ysobwan s pesferably us€d 810.¥niales twSR0. 0
VIHYV, mre%éfjsé?@gqymo% f‘/ I—VVsto 10.0 g//I—VV. The 2’@?&8%’ preferably

250C to rﬂgﬁ%ﬁﬁ mdleatithe rothbmetalkic ané semd-mregjablispeleme $eaction
pressure, 1801

/1 to 2301/1 as hydrogen-containin I e and 0.8
V/ HN t o wthish \oristitate thehydrotsaing Ca@gﬁ&e‘“\?&? B@T?Vglwgﬁ%‘g‘?ﬁ 5%%?ent in
treat gas js nocnally in ran r 609 J:IQIQP{%' THEtHY b edtaatilée g
cat al ystm@k/mkeitpk%g?ﬂ“%lﬁ%ﬁ?ﬁﬁ% CeXhi b%tsﬁivah STVt I 6s for, e.g.,
desul T ur i zatls afleRlabfigf 2BAkiRRsandudeaneyptd fortri the staicaflsid pelgshumys i vi ty
mai nt endiP& éap%m ty therefor, and can achieve with stability required
per f or MBRCRder ® Prepattethel dataliystadfi logh heneogensityext ended periods under the

severe conditions which would deactivate the conventional catalyst in a
short tinme, in particular under |ow reaction pressure.

In the aging step (3), the gel slurry is held at 50 °C to 99°C preferably for at

least 1 hour. This aging step mainly controls pore characteristics of the catalyst, to

enhance its reaction activity.

The aged gel slurry as the catalyst precursor is treated by filtration, seitling,
centrifugal separation or evaporation to adjust content of the water-containing
solvent, and formed into a shape by tablet making, extrusion, rotary granulation or
the like. The catalyst may be cylindrical, table-shaped, spherical or others, such as
that having a four-leaf section. It is important for the catalyst to have a shape and
size which allow to control packing density in the reactor. It is preferable to adjust
size of the catalyst pellets, which is porous, for increasing packing density. Catalyst

diameter is normally in a range from 0.5mm to 20 mm on the average, viewed from

increasing packing density and controlling pressure loss.

The catalyst pellets formed in the step (3) are then dried and calcined in the
step (4). They may be dried by one of many methods, e.g., air-drying, drying in hot

wind, drying under heating and freeze drying. They are calcined at 150°C to 700°C




Hydrotreatment of a hydrocarbon oil over the catal yst of the present

I nvention can be effected in any type of reactor, e.g., fixed, fluidized,
ebul l ated or moving bed type. A fixed bed type is a normal choisngﬁmn its
si mpl er process and hi gher operability. Two or nore reactors may be
connected in series for deeper 5 APR 2004 -18 hydrotreatnent. This is a
particularly preferable configuration,-19%en heavy oil is to be treated.
Hydr ocarbon oil may be brought into contact with a hydrogen- contai ni ng
treat gas either co-currently or counter-currently. EXAMPLES The present

I nvention is described nore concretely by EXAMPLES, which by no neans
limt the present invention. Honbgeneity and crystallinity of the catalyst

were anal yzed by the followi ng nethods: Honoge ei.t% m)aenei b}{ of the
cat al ystatwabicticthey are\belddfpr 4hour &c20 gﬁuﬁ@rléﬁ’é‘ 1@? 5?@%1 S EONR,

Shi madzu' s _EPM 810Q). undey t.he fol | .ow [ L1 s dine<R il ation
The cat aﬂl.glﬁﬂl%r%‘i"g‘%m Z}”rg%rsﬁg?rge%glpégﬁgég%idr%g\?\%célngut tgﬁ-pgr%j(’)eggzi a
snoot h section, which was coated with carbon black. Measurenent conditions
Accel er BPHESVHI tage : 15 KV Sanple current : 0.05 A Beamsize : 1 pmin
di aneter Measurenent |ines : Co-Ka, Md-Ka, N -Ka, Zn-Ka, and Ru-La EPVA

line analysis : The catal yst was neasured i.n the djanmetral.. dir ' at
i nterval s of Therhylrepsatingcaialyst aﬁ@@r&ﬁ%ilg"‘?m[ﬁ&?ﬁ HRsfic 8Prt§§% hl%gl enent

vas anal zt% ?8 rrllz'}g ?o 188 %z?g %gr%fgr\c/lbllyA'QOdn mzisg f%Ptﬁ)@prg) total pore volume of
0.1ml/g to 2 ml/g (preferably 0.2 ml/g to 1.5 ml/g) and average pore diameter of 4A
to 1000A (preferably 10A to 600A), is high in homogeneity, contains a crystalline

component, and is suitable as the catalyst for hydrotreating a hydro-carbon oil.

The present invention provides a hydrotreating catalyst, applicable to all types of
the reactions proceeding in the presence of hydrogen, in particular hydrofinishing,
hydrodesulfurization, hydrodenitrogenation, hydrodearomatization, hydroisomerization,
hydrocracking, hydrodewaxing, hydrodemetallization and the like. The process of the

present invention for hydrotreating a hydrocarbon oil is described as follows.

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

hydrodesulfurization of hydrocarbon oils.

Hydrocarbon oils which can be treated by the hydrotreating process of the

present invention are not limited. They include petroleum-derived oils, e.g.,




-19tol" 't X-ray diffraction (XRD) spectral pattern. The catal yst sanple
was anal yzed by an X-ray diffractoneter (Philips, gonioneter, PW 1820100,
hi gh-vol t age generator: PW730/10, controller: PW1710100, softﬁgpﬁ' f)W
1877PC- APD ver. 3.6 g) under the follow ng conditions: Tube ano 89.9
Generator tension: 40 kV Generator current: 40 mA Divergence slit:
AUTOMATI C Receiving slit: 0.2 Sanple sph-nner: ON Monochroneter used: YES
Start angle: 20 End angle: 75 Step size: 0.02 Tinme per step: 20 EXAMPLE 1
(NCMSAH19) A honogeneous sol ution of 130.1 g of al um num i sopropoxi de

[ AL(i-OC3H7)3] dissolved in 820.7 g of hexylene glycol was prepared with
stirring at 80C for 4 hours, to which 13.9 g of tetraethoxysilane

[ Si (OC2H5) 4] was added with stirrin 80C fo r 2 g of
12- ol yatinedphestss@istH ?@Sa%tF%PS[PhSW’N%Zaﬂ% BN d‘éﬁl}g‘%g éac“ Pesidue,
nitrate 20 B &4, Q;'I'a Ry, Bisthér-ng
at 80C P&Ck%abi%@l% %kbﬁégr@gg&g%%%gﬂgoﬁ%ggga lution.” 5 (:'APR 2004 -20 Pure
wat er %21 ﬁéo)h[waf ARAERiALAP s RITIRYG IS0 indladabily detived dromaassangol ut i on
at 1 m/ 0 prepare a slurry containing the precipitate forned as a
resul t gRiletpilircoal-diqaefied oil, and a mixture thereof. The catalyst of the present

invention is particularly suitable for treating vacuum, cracked and straight-run

distillates to remove their sulfur- and nitrogen-containing compounds which are

difficult to remove.

A vacuum distillate, produced by treating atmospheric residue under a
vacuum, boils at around 370°C to 610°C, and contains significant quantities of
sulfur, nitrogen and metals, e.g., at 2.0 wt.% and 800 wt.ppm for sulfur and nitrogen.
The sulfur-containing compounds include 4-methylbenzothiophene and 4,6-
dimethyl-benzothiophene. The nitrogen-containing compounds include pyridines,
amines and amides which are basic, and pyrroles which are weakly basic. The
metals include nickel, vanadium and iron. The catalyst produced by the method of

the present invention can treat these vacuum distillates most efficiently to remove

sulfur and nitrogen.

Cracked distillates are the fractions boiling at around 200°C or higher,
produced by thermal cracking (e.g., coking or visbreaking) of residue, or light cycle
gas oil (LCGO) or heavy cycle gas oil (HCGO) produced by a fluid catalytic

cracking unit.

The atmospheric distillates which can be treated by the hydrotreating process
of the present invention include straight-run naphtha, heavy naphtha and kerosene

fractions. They also include gasoline components produced by various cracking

units, e.g., catalytically cracked naphtha, thermally cracked naphtha and steam-




On conpletion of the agitation, the slurry was allowed to stand for 88
hours, while kept at 90C, for aging. On conpletion of the aging, the
slurry was evaporated and solidified by a rotary evaporator, and cal ci ned
at .650C i'n a flow of air, to prepare the catalyst NCVBAH 19. | OAPBHEHi cal
conposition is given in Table 1. The catal yst NCVSAH 19 had a

hydr ogenat i on-active conponent at O0.05f7- nol/nol, and Nma,: 812, Nani',,:
486 and No: 685 for the Mo component, Nm,: 1370, N.;,,: 899 and No: 1147
for the Co conmponent, and Nm: 366, N,,,;,,: 171 and No: 257 for the N
conponent as the EPMA |ine analysis results. The Nmax - Nmn (hereinafter
referred to as [A]) and 2x[3x(No).5 + 0.2xNo (hereinafter referred to as
[B] of the relationship (1) were calculated for each of the. and Ni
conpone pésickednraphtisayland ather hightdfaatipmpaised 2y Ul COmRRAPNIBY ('Xgpolf?%ése
conponents satisfied the relationship (1). It had a diffraction line at 20
= 65. 4 janoumd 2508 05d0WEFn. Tables 7 and 8 gives properties and reaction
activities of the catalysts prepared in EXAMPLES and COVPARATI VE EXAMPLES,
respectively. 5 APR 2004 -21 EXAMPLE 2 (NCVBAH23) A honobgeneous sol ution of
116.4 g of atﬂgih&gmt}gamgmﬂﬁms[ﬁwm Gesiket). STheydcan be wdequatebuselected of
hexyl ene gl yCo S prepared with stirring at, 8QC for aﬂgfqocfﬁrsf to which
12.4 g %rgﬁédiﬁetsmﬁshﬂ,m, D&e(m}afd@zeqrb%ﬁ’ﬂafe&&“w? 4t ar soc
for 3 hours. Then, 14.0 g 12-.no - 1-pho ni Ci

[ H3( PML 2@ 4et020and tqvgcbdgslg%um@&sal%‘%ﬁfef‘%‘é‘g e‘?‘%@?%‘?ﬁ?‘% gﬂfzeo‘}r]efearﬁ]élez. 3 g of
nickel nitrate [N (NO r spcad@esh inhereafrefitablal 200°@hto wi t h
stirringcqndig ?rﬁﬁei%l(ﬁﬁﬁerﬁzﬁérbtg\?&rgspoare a h%o%geneﬁg sollg!tion. Pure wat er

(175 ) 40 adtbiipegyiree] A/@A0d 350 g/ caifoweor prolssrtly ske/eBi oI 0 at
1M /mn, o Prepare a slurry containing the Prf&moi { ate for ?E%’bﬁﬁsé‘mrt%su' t
of hydr oky®ei; hydrogen-containing treat gas rate: 30171 to /1,‘more prefer

1800 V1; and liquid hourly space velocity: 0.01 V/H/V to 20.0 V/H/V, more

preferably 0.05 V/H/V to 10.0 V/H/V. They are most preferably 250°C to 400°C as

reaction temperature, 40 kg/cm2 to 100 kg/cm2 as reaction pressure, 1801/1 to 230 V/]

as hydrogen-containing treat gas rate and 0.8 V/H/V to 1.5 V/H/V as liquid hourly

space velocity. Hydrogen content in treat gas is normally in a range from 60% to

100%.

The hydrotreating catalyst of the present invention exhibits high activities for,
e.g., desulfurization, denitrogenation and dearomatization and also high activity
maintenance capacity therefor, and can achieve with stability required performance,
e.g., desulfurization rate, for extended periods under the severe conditions which

would deactivate the conventional catalyst in a short time, in particular under low

reaction pressure.

Hydrotreatment of a hydrocarbon oil over the catalyst of the present invention
can be effected in any type of reactor, €.g., fixed, fluidized, ebullated or moving bed

type. A fixed bed type is a normal choice, for its simpler process and higher

operability. Two or more reactors may be connected in series for deeper




On conpletion of the agitation, the slurry was allowed to stand for 88
hours, while kept at 90C, for aging. On conpletion of the aging, hgﬁ
slurry was treated to renove the supernatant |iquid, evaporated Y 1004
solidified by a rotary evaporator, and calcined at 650C in a flow of air,
to prepare the catal yst NCMBAH23. Its chem cal conposition is given in
Table 1. The catal yst NCVBAH23 had a hygir ogenati on-acti ve conponent at

0.069 nol/nol, and N,,,: 1150, Nm n: 630 and NO 925 for the M conponent,
Nm : 2104, Nmin: 1250 and NO 1627 for the Co conponent, and Nm: 378,
N,,,i,,: 175 and NO 275 for the Ni conponent as the EPMA |ine analysis

results. The terns [A] and [B] of the relationship (1) were cal cul ated for
each of the Mo, Co and Ni conponents, i

i.n manner_sim | &
EXAVPL Epgdrotheatmest| Thisise partishlarky PrgkRr ébl;co l%“%t#ﬁ"é’étgédl B%@ﬁ%\}\%&r each
of these” conponents satjsfied the nelaty ' ithta ogkfif raction
li nes abe2ceatedgHydrogargon 9 @%yg’eiﬁoﬁ%@%@g&%&g%‘%. I\/PEE 3
(NCVBAHL9- 1) .The s ' 18Rt GolaterDWMIE. 1 was repeat ed, except
stirri ngonﬁ%gr%?aqﬁéggt?‘?ﬁggt he hohobgeneous sol ution was extended from 17
hours to 25 hours, to prepare the catalyst NCVSAH 19-1. The neasured
content of the hydrogenation-active conponent, honobgeneity and
crystallinity are given in Tables 1 and 2. EXAMPLE 4 (CVPDSAHO2) A
honpgeneous sol ution of 116.9 g of al um num i sopropoxide [Al (i-OC3H?7) 3]

di ssol vaEXAMPEIES g of hexyl ene glycol was prepared with stirring at 80C
for 4 hours, to which 12.5 g of tetraethoxysilane [Si (OC2H5) 4] was added

with stirring at 80C for 3 hours. Then, 14.0 g of 12-nvl bdg—l- hasphori c
aci d [ H3( PNllr%Qg§i~§éﬁQﬂveﬁﬁ6nli§dEscrij:)emi‘mombadmcrntetlY bvé*?)(léb%Rb )32“51"-%)?}’ wer e
added to the above solution, wth stirring at 80C for 17 hours, to prepare
a honogegemeans btimit thenpresgntaguedi@n-sol ution of 0.4 g of palladiumnitrate

[ PA(NO3) 2] dissolved in 176

Homogeneity and crystallinity of the catalyst were analyzed by the following

methods:
Homogeneity

Homogeneity of the catalyst was determined by an electron probe
microanalyzer (EPMA, Shimadzu’s EPM-810Q) under the following conditions:
@  Sample preparation

The catalyst sample embedded in a polyester resin was cut to produce a

smooth section, which was coated with carbon black.

®  Measurement conditions

Acceleration voltage 15KV

Sample current :0.05 uA

Beam size : 1 um in diameter

Measurement lines - Co-Ka, Mo-Ka, Ni-Ka, Zn-Ka, and Ru-La
e [EPMA line analysis - The catalyst was measured in the diametral

direction at intervals of 1 pm steps.

® EPMA plane analysis . Distribution of each element was analyzed in a

square 200 by 140 um.




'm of pure water was added dropw se at 80C to the above honbgeneous
solution at 1Im/mn, to prepare a slurry containing the precipibaﬁﬁ B@gned
as a result of hydrolysis. On conpletion of the agitation, the s Q S
al]owed to stand for 88 hours, while kept at 90C, for aging. On conpletion
of the aging, the slurry was treated to 5 APR 2004 -23 renove the
supernatant |iquid, evaporated and soljgified by a rotary evaporator, and
calcined at 650C in a flow of air, to prepare the catal yst CVMPDSAHO2. The
catal yst CVMPDSAHO2 had a hydrogenation-active conponent at 0.068 nol/nol,
and Nn: 1209, Nn,;n: 664 and No: 993 for the Mo conponent, N,,,: 2232,
N,,,,in: 1382 and No: 1713 for the Co conponent, and Nm 0O, NR ;n: 0 and
No: O for the Pd conponent as the EPMA |ine analysis results. The
calculated terms [A] and [B] of the relationship (1) are given in Table 7.
It had diffraction lines at 20 = 33.9 and 65.9 in the XRD pattern. EXAVPLE
S (NVPt (3986iRajtyA honogeneous sol ution of 136.1 g of al um num i sopropoxide

[ Al (i-0OC3H7)3] dj.ssolved.j xyl ene glycol was prepared with

stirring at Xaay @nqﬁa@%ﬁe%ﬁgﬁ&g@g g of tetraet h(& EI | ane

[ Si (OC2HS) 4], Wwas | hAAT Bl anSQ¢ay diffdichometer ps, 5.8 g of
TR SeEHRESs bl ) prdliBsd By an 0

ni ckel nitra and 0.13 g of chl oroBI atini aci d

[HZEt qgogmaer,wﬂsaoﬁm lﬁ@hm&ag@gfmersmrul’i\f\éhﬁ% hc%fttrqlf‘ffhg at 80C for
17 , i Lt i On:efnde 4
of amOEWTTIoi0, sotunes. W 184] BioAbonn o bl 1R oIRAE, baiBond: & O

wat er was added dropwise at 80C to th bove honbgeneous sol ution at
Im/nin, to PekpHd¥&% slurry containing” the precipitate formed as a result
of hydrolysis, SRR ion of the agi4kVvon, the slurry was allowed to
stand for 88658%3%, V\#{isf’le kept at 90C, for aging. On conpletion of the
agi ng, the sfghésatecurtdmtated to 5 APR 4bod

Divergence slit + AUTOMATIC

Receiving slit :0.2

Sample spinner : ON

Monochrometer used : YES

Start angle : 20°

End angle : 75°

Step size :0.02

Time per step : : 20
EXAMPLE 1 (NCMSAH19)

A homogeneous solution of 130.1 g of aluminum isopropoxide [Al(i-OC;H7)s]
dissolved in 820.7 g of hexylene glycol was prepared with stirring at 80°C for 4
hours, to which 13.9 g of tetraethoxysilane [Si(OC,H;)a] was added with stirring at

80°C for 3 hours.

Then, 11.2 g of 12-molybdo-1-phosphoric acid [H3(PM,2040°6H,0)] and23¢g
of nicke! nitrate [Ni(NO3), *6H,0)] were added to the above solution, with stirring

at 80°C for 17 hours, to prepare a homogeneous solution.



-24 renove the supernatant liquid, evaporated and solidified by a rotary
evaporator, and calcined at 650Cin a flow of air, to prepare the catal yst
NVPt / 20862RI . The catal yst NWPt/20862R1 had a hydrogenati on-acti vB APR 2004
conmponent at 0.027 nol/nol, and N,.;, : 544, N,,,;,,: 269 and NO 417 for
the Mo conmponent, Nm: 745, N.;,,: 402 and No: 575 for the Co conponent,
and Nm: O, Nmn: O and NO O for the-2(t conponent as the EPMA |ine

anal ysis results. The calculated terns [A] and [B] of the relationship (1)
are given in Table 7. It had a diffraction line at 20 = 65.5 in the XRD
pattern. EXAMPLE 6 (NMZ/ 50SAH13R3) A honogeneous solution of 84.1 g of

al um num i sopropoxi de [Al (i-0OC3H7)3] dissolved in 829.6 g of hexyl ene

gl ycol was prepared with stirring at 80C for 4 hours, to which 72.8 g of
tetraet hoxysilane [Si (OC2H5) 4] was added with stirring at 80C for 3 hours.
Then, 5.8 g of nickel_ nitrat i : ioRgedid r at e

[ Zn( NOB) 2. mmp]wwgr@ﬁauia’a?&h?ﬁé@@%@éﬂgﬁm%ﬁﬂh‘%ﬁ?ﬁ“@???ﬁgﬁg at ?t(;c for
17 hours, .to pr a Sorithi tiypregipéats faoled aomresult7. 4 ¢
of ammﬁpmo?-#oﬁgmflbt ﬁ(ﬁ%%%%? 4- 4H20) lﬁgso%ed in 237 m of pure
wat er W%Th?qg& sfr opwi se at  80C to the above honpgeneous sol ution at

1m / mn, prépare a slurry containing the precipitate formed as a result
of hydrolysis. On conpletion of the agitation, the slurry was allowed to

stand for 88 hours, .while ke [ i h@drst he
agi ng, the s@ﬁﬁ%ﬂﬂlﬁgoproéz'i’%ag{t%&&l’iggs%@ggnrg‘év&@\}g%?{f{e& ?urpge?natr;nt
l'iquid, ey [ icbiof i s of theeagingrtht s mdis cal ci ned at
650C in ‘ghﬁ%)gﬁﬁ%ﬁd%?’r@ ftagh lr gba@gctgﬁlg%tat al yst NNZ%SOSA%II%%%, Thﬁ catﬂ)yst
NMVZ/ 503@%@”@1 Enﬂ@dliaizﬁamb% pgeumenazlp?latﬁteﬁ%@ﬁ%‘@mat S0 gty 9 8|3 !
and Nm: 471, N,,,i,,: an . or, the co n - N : ,
N taprepare tho cablrst NIGMYAR] p die AL oS Tof A Bty inTable O
1.

The catalyst NCMSAH19 had a hydrogenation-active component at 0.051
mol/mol, and Npax: 812, Niin: 486 and Ng: 685 for the Mo component, Npax: 1370,
Niio: 899 and No: 1147 for the Co component, and Ny, 366, Niia: 171 and Ng: 257
for the Ni component as the EPMA line analysis results. The Npax — Nmin
(hereinafter referred to as [A]) and 2x[3 ><(N0)°'5 + 0.2xNj (hereinafter referred to as
[B] of the relationship (1) were calculated for each of the Mo, Co and Ni
components. The results are given in Table 7. As shown, each of these components
satisfied the relationship (1). Ithad a diffraction line at 26 = 65.4° in the XRD

© pattern.

Tables 7 and 8 gives properties and reaction activities of the catalysts prepared

in EXAMPLES and COMPARATIVE EXAMPLES, respectively.




492 for the Zn conponent as the EPVMA |ine analysis results. The cal cul ated
terme [A] and [B] of the relationship (1) are given in Table 7. It had a.
diffraction line at 2 = 65.4 in the XRD pattern. EXAMPLE 7 (NM ZSAMRIINA
honogeneous sol ution of 75.19 of al um num i sopropoxide [Al (i-OC3H7) 3]

di ssolved in 687.1 g of hexylene glycol was prepared with stirring at 80C
for 4 hours, to which 29.9 g of zirceRdl-um i sopropoxide [Zr(i-OC3H7)4] and
26.0 g of tetraethoxysilane [Si(OC2H5)4] were added with stirring at 80C
for 3 hours. Then, 9.7 g of nickel niytrate [N (N03)2.6H20)] was added to
the above solution, with stirring at 80C for 17 hours, to prepare a
honogeneous sol uti on. Then, an aqueous solution of 12.3 g of amoni um

7- ol ybdate@&&Hﬁ)W@] di ssolved in 177 m of pure water was
added diEXN above honogeneous solution at 1Im/min, to
prepare a sl uynr i ni : TRl ﬂﬁﬁ'ﬁﬁ}hf‘[@@b oidesfU(i-OCHH5);]
hydr ol ysi s. M%Bﬁ%%ﬁqugnsgo tl(ﬁ:@gﬁ%ﬁ%n, tlhe sl ur[?’? was al Itovved to stand

for 88 b1 & oke Bt hetyl8RE g vicol wagipnepared vatnstieingmat 81°CG fr 4gi ng,
t he sl u@%go\?\%%d ﬁ?gg?g?to 5 }fAPﬂRgg e '

04 -26 renove the sug&gat&&ti. | .i gui d,
evapor atigfirane whichdiZ4 ghbofptracthoxysilane[SHé aatde)s] Waz2 WIRSIENE oC i n
a flow of air, to prepare the catal yst NM ZSAHO3. The catal yst NM ZSAHO3
had a hy&0°6gfarat hewsSact i ve conponent at 0.054 ol /nol, and Nmx: 855, Nmin:
512 and No: 722 for the M conponent, and Nm: 1178, Nom;,,: 666 and No:
910 for the Ni conmponent as the EPVMA |ine analysis results. The cal cul ated

terms [A] an?-h[;n%]p.p_b %@ﬁll-@ﬁﬁﬁ(bd@&hphms(phbriaraei@[Hg(ﬂ?MnOE&'lﬁleoi)], 14.01z0f a
diffraction i ne at = 65.3 in the XRD pattern, COE@MI \(I%ﬁ@ﬁ/PLEcl

pur e vvatajbaqtﬁ-;ki&la_té [Gﬁ@\l@g?)at‘féﬂz@b] mbl}g grotnicksl pyvade, | Ve bl added
to prepare alkaline water o 4, ar.oun o of al um num
sul 1I‘O atg a((kdadrtpﬁhﬁla’é’gV? ﬁ?{é‘?‘oﬁi t@l %ﬁﬂngﬂiéoygﬁgfwgj%gﬁsg)sﬂ\ﬁg%ééggged to the
ggg\s/tei Caég}glglgg&eqﬁ%tsr%lﬁ%ﬁ&he solution was adjusted at pH 8.4 to 8.8 with

. Pure water (175 ml) was added dropwise at 80°C to the above homogeneous

solution at 1ml/min, to prepare a slurry containing the precipitate formed as a result

of hydrolysis.

On completion of the agitation, the slurry was allowed to stand for 88 hours,
while kept at 90°C, for aging. On completion of the aging, the slurry was treated to
remove the supernatant liquid, evaporated and solidified by a rotary evaporator, and

calcined at 650°C in a flow of air, to prepare the catalyst NCMSAH?23. Its chemical

composition is given in Table 1.

The catalyst NCMSAH?23 had a hydrogenation-active component at 0.069
moVmol, and Ny 1150, Niin: 630 and Np: 925 for the Mo component, Nyax: 2104,
Npin: 1250 and No: 1627 for the Co component, and Nyax: 378, Nin: 175 and Ng:
275 for the Ni component as the EPMA line analysis results, The terms [A] and [B]

of the relationship (1) were calculated for each of the Mo, Co and Ni components, in

a manner similar to that for EXAMPLE 1. The results are given in Table 7. As




acid, and aged at around 70C for around 0.5 hours, to form an aqueous
solution <containing the precipitate (gel) of alum num hydrate. nAmaous
solution of sodiumsilicate (No.3 water glass, pure water: 210

added to 'the above aqueous solution. The ni xed sol ution was adjusted at pH
8.8 to0 9.2 wth nitric acid , and aged at around 70C for around 0.5 hours,
to forma slurry solution containing _psecipitated particles of alumna
hydrate covered with silica hydrate. This slurry was filtrated, and the
separated cake was washed with an aqueous sol ution of anmoni um carbonat e,
until sodiumcontent in the filtrate was decreased to 5 ppmor |ess. The
cake was dried at 80C in a kneader to a noisture content at which it was
nol dabl e, and extruded into cylindrical gel lets, 1.5 mMmin dj. ter. The

pel | et s ghyRRE edleh of théselRMpommts satisfiedshanclatianslipél)- akt BPESEIFRFION hour s,
to prepare the carrier. 5 APR 2004 - he carrier was inpregnated wth an
aqueous lamsuti26r 36.fduh rnhop-2°H5| the PGy i ed at 120C and cal ci ned

at 450C. It was then inpregnated with an aqueous sol ution of cobalt
nitrate and nickel nitrate, and dried at 120C and calcined at 500C, to

prepare gagj; plo3y (a). The conparative catalyst (a) had a
hydroger@Wi % dctg/lm%%‘nent ?3.'[ 0.051 nol/nol, and Nm,: 1531, .Nm n: 723

and No: 1179Thekatreeprvbedurenmsneed foNEXAMPLIBY, wag repeated, XfEPASHITRE 1019
for the Co conponent, and Nmax: 349, Nm a: 128 ang fm: ﬁ% Lp{tot Ni
conponentimagor peepEPmg the hwnaegangens soludion,was gx{ea (2N SR ailed " to
satisfy the relationship I I efbffHeaction |ines
at 20 4ch@urantd REPA'S ﬁtﬁ'et%éﬂjlgéﬁdéﬁﬁ’?%mg EIO:\%%F@%I uIrEédE();(Jg\ﬁNgEE‘Z A mp'rxglure of
178.3 g of ,al 'gdl{nd_' ' hokogeeityiahd |crestallingy are goven 1n lables

2- met hy|€\§qFP§§1£%t 4%?2%)&?%%'&%?@004 C(CH3) 20I—|]rw\}/as stirred to react them
W th eachagljlper at 80C for 4 hours, to which 13.9 g of tetraethoxysilane

[ Si (OC2H5) 4] was added with stirring at 80C for 20 hours, for further
reactions. Water (196 m ) was added to the above reaction systemat 1

mimn. EUAMPLR 4 icMPDSAH02)
A homogeneous solution of 116.9 g of aluminum isopropoxide [Al(i-OC3Hy);]
dissolved in 782.0 g of hexylene glycol was prepared with stirring at 80°C for 4
hours, to which 12.5 g of tetraethoxysilane [Si(OC,H;s)4] was added with stirring at

80°C for 3 hours.

Then, 14.0 g of 12-molybdo-1-phosphoric acid [H3(PM;049°6H,0)] and 15.5
g of cobalt nitrate [Co(NO5); *6H,0)] were added to the above solution, with stirring

at 80°C for 17 hours, to prepare a homogeneous solution.

An aqueous solution of 0.4 g of palladium nitrate [Pd(NO5),] dissolved in 176
ml of pure water was added dropwise at 80°C to the above homogeneous solution at

1ml/min, to prepare a slurry containing the precipitate formed as a result of

hydrolysis.

On completion of the agitation, the slurry was allowed to stand for 88 hours,

while kept at 90°C, for aging. On completion of the aging, the slurry was treated to




at 80C. The effluent solution was aged at 90C for 72 hours, evaporated and
solidified by a rotary evaporator, and calcined at 650C for 5 hours in a
flow of air. The green conpact thus prepared was nol ded by a talyl PR NEker,
20 mMmin diameter, at 2 tons/cnR, into a carrier of 11%si 02-Al 203. 5 APR
1004 -28 The carrier was inpregnated with active netals by the foll ow ng
procedure: The inpregnation solution was prepared by dissolving 11.2 g of
12- nol ybdo-1 - phosphoric acid [H3(PML2846 6H20)j, 9.7 g of cobalt nitrate
[ Co(N03) 2. 6H20) 1, 2.3 g of nickel nitrate [N (N03)2.6H20)] and 5.8 g of
citric acid in 44 g of a mxed solution of amonia water and pure water,
where amoni a water/pure water ratio was adjusted to nake the solution
with the solutes conpletely dissolved at pH 9. The carrier was nmxed with

The | nor ranave hecperataniidin; eepmrdgedsoroif g BY Lisfrd Eypbllr 8050 o

for 3 hours,in aflaow.of air, PP £dabal yst The
conpar at ¢4lglr@§tﬂ§| Qt&((lﬂ)a ﬁﬂ‘dsoéaﬁ%gé&ggﬁﬁggﬁﬁcggﬁosi t]f)on of silica: 8.0
wt.% alumna: 65.0 w.% nol ybdenum oxide: 20.0 w.% cobalt oxide: 5.0
w.% nickel oxide: 1.2 wt.% and phosphorus oxide: 0.8w.% and _properties

of specific HydAslesECMPDIAHORIa aiydroganatiporastivelapreporend 3t UGS, The
ol | o rasttublyant DG 1208,z ear Not SDFE the Mo ORI men 223 R
mol / mol , pRslindinan : s M mid : ment < Na:
1228, Nm n: Ygl;hand NO: 9§6 far {:he Co_co onenllt{, a dl\{\'m"()a%ﬁFN Ny for : 155
and NO. Np45 1882 anddNevi 1 Tddrfes Oa%m?w%@»mdl Nii-H Qha"&’/‘éi srestits. This
catalyst fajled to_ sat|sf - ' ' - Eudyvad iternis wd It
had o di 115 bd EPpiponeAChs et It @gh%&?ﬁ%tg@&%) '52? ¥ ern. 5 il A
COVPARATW@FE?@CO MRiichsBigd(Ofaré wivenin Table i7c Ht had déffatiodilinesiatdd 5 3380 g of

et hyl enetg put in a
and 65.9° in the XRD pattern.

EXAMPLE 5 (NMPt/20862R1)
A homogeneous solution of 136.1 g of aluminum isopropoxide {Al(i-OC3Hy)s]

dissotved in 870.0 g of hexylene glycol was prepared with stirring at 80°C for 4
hours, to which 29.4 g of tetraethoxysilane [Si(OC,H;s)s] was added with stirring at

80°C for 3 hours.

Then, 5.8 g of nickel nitrate [Ni(NO;),*6H,0)] and 0.13 g of chloroplatinic
acid [H,PiClg*6H,0)] were added to the above solution, with stirring at 80°C for 17

hours, to prepare a homogeneous solution.

An aqueous solution of 7.4 g of ammonium 7-molybdate
[(NH,)sM07024°4H,0)] dissolved in 231 ml of pure water was added dropwise at

80°C to the above homogeneous solution at iml/min, to prepare a slurry containing

the precipitate formed as a result of hydrolysis.

On completion of the agitation, the slurry was allowed to stand for 88 hours,

while kept at 90°C, for aging. On completion of the aging, the slurry was treated to



300l beaker, to which 91.0 g of tetraethoxysilane and 23.6 g of triethyl
borate were added, and the m xture was heated at 70C for 3 hours, with
stirring. Next, 12 g of water was added to the above sol ution, arjdARRejgy; at
the sane.tenmperature for 1 hour wth stirring, to which another 12 g of
wat er was added. Wen stirred at the sane tenperature, the solution was
solidified like agar. It was allowed tg stand at 25C all night, crushed

i nto pieces of adequate size, transfer?éd to a 300 m eggpl ant - shaped
flask, and dried at 100C for 24 hours under a vacuum using an evaporator.
The dried gel was finely crushed, and thermally treated at 400C for 8
hours in a flow of hydrogen, to prepare the conparative catalyst (c). The
conparative catalyst (c) had Nnu 193, Nmin: 82 and NO 121 for the Ru

?glrrg;) Pgrr};mac;ezth; Sgggq@l;%ﬂql A Saat%(gﬁgh%ﬁhd‘f’{y 0(%}' ?I ota Ibﬁ chﬁﬁ)r and
ol /ol CAMPRE B IR O '%%M’ﬁ?‘* B Y b e ot O 90837looocm
O 0 00vs N Vj O'D t0000N O YI O ~/tkn
The catalyst NMPt/20862R 1 had a hydrogenation-active component at 0.027

mol/mol, and Npax: 544, Npia! 269 and Ny: 417 for the Mo component, Npax: 745,

Nin: 402 and Ny: 575 for the Co component, and Nyax: 0, Npia: 0 and Ng: 0 for the

Pt component as the EPMA line analysis results. The calculated terms [A] and [B]

of the relationship (1) are given in Table 7. It had a diffraction line at 26 = 65.5° in

the XRD pattern.

EXAMPLE 6 (NMZ/50SAH13R3)
A homogeneous solution of 84.1 g of aluminum isopropoxide [Al(i-OC3H7)]

dissolved in 829.6 g of hexylene glycol was prepared with stirring at 80°C for 4
hours, to which 72.8 g of tetraethoxysilane [Si(OC,;Hs)4] was added with stirring at

80°C for 3 hours.

Then, 5.8 g of nickel nitrate [Ni(NO;),*6H,0)] and 1.8 g of zinc nitrate
[Zn(NO;)z-GHZO)] were added to the above solution, with stirring at 80°C for 17

hours, to prepare a homogeneous solution.

An aqueous solution of 7.4 g of ammonium 7-molybdate
[(N}L)5M07024-4H20)] dissolved in 237 ml of pure water was added dropwise at
80°C to the above homogeneous solution at 1ml/min, to prepare a slurry containing

the precipitate formed as a result of hydrolysis.

On completion of the agitation, the slurry was allowed to stand for 88 hours,

while kept at 90°C, for aging. On completion of the aging, the shurry was treated to
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remove the supernatant liquid, evaporated and solidified by a rotary evaporator, and
calcined at 650°C in a flow of air, to prepare the catalyst NMZ/50SAH13R3.

The catalyst NMZ/50SAHI3R3 F had a hydrogenation-active component at
0.027 mol/mol, and Npa,: 471, Nin: 235 and Ny: 352 for the Mo component, Ny,
833, Npin: 437 and No: 626 for the Ni component, and Npay: 654, Nmio: 328 and N:
49?2 for the Zn component as the EPMA line analysis results. The calculated terms
[A] and [B] of the relationship (1) are given in Table 7. It had a diffraction line at
2 = 65.4° in the XRD pattern.

EXAMPLE 7 (NM/ZSAHO03)

A homogeneous solution of 75.1 g of aluminum isopropoxide [Al(i-OCsH;)s]
dissolved in 687.1 g of hexylene glycol was prepared with stirring at 80°C for 4
hours, to which 29.9 g of zirconium isopropoxide [Zr(i-OC3H;)4] and 26.0 g of
tetraethoxysilane [Si(OC,H;s)q] were added with stirring at 80°C for 3 hours.

Then, 9.7 g of nickel niytrate [Ni(NOs),*6H,0)] was added to the above

* solution, with stirring at 80°C for 17 hours, to prepare a homogeneous solution.

Then, an aqueous solution of 12.3 g of ammonium 7-molybdate
[(NH4)6M0-,024°4H20)] dissolved in 177 ml of pure water was added dropwise at
80°C to the above homogeneous solution at 1ml/min, to prepare a slurry containing

the precipitate formed as a result of hydrolysis.

On completion of the agitation, the slurry was allowed to stand for 88 hours,

while kept at 90°C, for aging. On completion of the aging, the slurry was treated to
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remove the supernatant liquid, evaporated and solidified by a rotary evaporator, and

calcined at 650°C in a flow of air, to prepare the catalyst NM/ZSAHO3.

The catalyst NM/ZSAHO03 had a hydrogenation-active component at 0.054
mol/mol, and Niax: 855, Niin? 512 and Ng: 722 for the Mo component, and Npax
1178, Npia: 666 and Ny: 910 for the Ni component as the EPMA line analysis results.
The catculated terms [A] and [B] of the relationship (1) are given in Table 7. It had
a diffraction line at 20 = 65.3° in the XRD pattemn.

COMPARATIVE EXAMPLE 1

Pure water (2.0 L) was heated to about 70°C, to which caustic soda was added
to prepare alkaline water of pH around 12. An aqueous solution of aluminum
sulfate (aluminum sulfate: 518 g and pure water: 710 g} was added to the above
alkaline water. The solution was adjusted at pH 8.4 to 8.8 with caustic soda or nitric
acid, and aged at around 70°C for around 0.5 hours, to form an aqueous solution
containing the precipitate (gel) of aluminum hydrate. An aqueous solution of
sodium silicate (No.3 water glass, pure water: 210 g) was added to the above
aqueous solution. The mixed solution was adjusted at pH 8.8 t0 9.2 with nitric acid ,
and aged at around 70°C for around 0.5 hours, to form a shurry solution containing
precipitated particles of alumina hydrate covered with silica hydrate. This slurry
was filtrated, and the separated cake was washed with an aqueous solution of
ammonium carbonate, until sodium content in the filtrate was decreased to 5 ppm or
less. The cake was dried at 80°Cina kneader to a moisture content at which it was
moldable, and extruded into cylindrical pellets, 1.5 mm in diameter. The pellets
were dried at 120°C for 16 hours and calcined at 700°C for 3 hours, to prepare the

carrier.
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The carrier was impregnated with an aqueous solution of ammonium 7-
molybdate, and dried at 120°C and calcined at 45 0°C. It was then impregnated with
an aqueous solution of cobalt nitrate and nickel nitrate, and dried at 120°C and

calcined at 500°C, to prepare the comparative catalyst (a).

The comparative catalyst (2) had a hydrogenation-active component at 0.051
mol/mol, and Npay: 1531, Niin: 723 and Ny: 1179 for the Mo component, Npay:
1289, Npin: 702 and Ng: 1019 for the Co component, and Npx: 349, Nin: 128 and
Np: 258 for the Ni component as the EPMA line analysis results. This catalyst failed
to satisfy the relationship (1), as shown in Table 8. It had diffraction lines at 26 =
46.0 and 66.0° in the XRD pattern.

COMPARATIVE EXAMPLE 2

A mixture of 178.3 g of aluminum isopropoxide [Al(i-OC;Hy);] and 765 ml of
2-methylpentane-2,4-diol [CH;CH(OH)CH,C(CH;);OH] was stirred to react them
with each other at 80°C for 4 hours, to which 13.9 g of tetracthoxysilane
[Si(OC;Hs)4] was added with stirring at 80°C for 20 hours, for further reactions.
Water (196 ml) was added to the above reaction system at 1 ml/min, for hydrolysis
at 80°C.

The effluent solution was aged at 90°C for 72 hours, evaporated and solidified
by a rotary evaporator, and calcined at 650°C for S hours in a flow of air. The green
compact thus prepared was molded by a tablet maker, 20 mm in diameter, at 2

tons/cm?, into a carrier of 11%8i0,-AL0;.

3 APR 2004
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prepared by EXAVMPLES and COVPARATI VE EXAMPLES were eval uated for gtARRi}0h
activity by hydrotreating a hydrocarbon oil under the follow ng

conditions. The results of evaluation % the catal yst activities are given
in -26-

The carrier was impregnated with active metals by the following procedure:
The impregnation solution was prepared by dissolving 11.2 g of 12-molybdo-1-
phosphoric acid [H3(PM,3040°6H,0)], 9.7 g of cobalt nitrate [Co(NO,), *6H,0)], 2.3
g of nickel nitrate [Ni(NO;); +6H,0)] and 5.8 g of citric acid in 44 g of a mixed
solution of ammonia water and pure water, where ammonia water/pure water ratio

was adjusted to make the solution with the solutes completely dissolved at pH 9.

The carrier was mixed with the impregnation solution by adding the latter
dropwise onto the former. The impregnated carrier was dried at 110°C all night, and

calcined at 500°C for 3 hours in a flow of air, to prepare the comparative catalyst

(b).

The comparative catalyst (b) thus prepared had a composition of silica: 8.0
wt.%. alumina: 65.0 wt.%, molybdenum oxide: 20.0 wt.%, cobalt oxide: 5.0 wt.%,
nickel oxide: 1.2 wt.% and phosphorus oxide: 0.8wt.%, and properties of specific

surface area: 244 m’/g and total pore volume: 0.43 ml/g.

The comparative catalyst (b) had a hydrogenation-active component at 0.051
mol/mol, and Npa: 1392, N2 759 and Ny: 1072 for the Mo component, N
1228, Nuin: 737 and No: 926 for the Co component, and Npae: 367, Niin? 155 and Ng:
245 for the Ni component as the EPMA line analysis results. This catalyst failed to
satisfy the relationship (1), as shown in Table 8. It had a diffraction line at 28 =
65.5° in the XRD pattern.
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flask, and dried at 100°C for 24 hours under a vacuum using an evaporator. The

dried gel was finely crushed, and thermally treated at 400°C for 8 hours in a flow of
hydrogen, to prepare the comparative catalyst (c). The comparative catalyst (c) had
Npax: 193, Nimia? 82 and Ng: 121 for the Ru component as the EPMA line analysis
results, which satisfied the relationship (1). However, it showed no diffraction line

in the XRD pattern (Figure 2). Ithad a hydrogenation-active component at 0.007

mol/mol.
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Evaluation_of Catalyst Activity
The catalysts prepared by EXAMPLES and COMPARATIVE EXAMPLES

were evaluated for their activity by hydrotreating a hydrocarbon oil under the

following conditions. The results of evaluation of the catalyst activities are given in

Table 6.

(1). Evaluation of hydrodesulfurization (HDS) activity with light gas oil (LGO-D)
from a Middle Eastern crude:

Test oil properties, reactor system and reaction conditions are given in Table 3.

The test was conducted by the following procedure:
The catalyst (4.6 g) packed in a reactor was treated with a hydrogen gas containing
5% of H,S flown at 200 cc/min, for sulfiding under the following temperature

program:

The catalyst was heated from room temperature to 200°C in 30 min, at which
it was held for 30 min, to 340°C in 30 min, at which it was held for 2 hours, and
then cooled to 200°C in 30 min.

LGO-D (approximately 25 cc) was introduced into the reactor when the
sulfided catalyst was cooled to 170°C. After LGO-D went through the catalyst bed,
reactor pressure was increased, and then temperature was also increased to 320°C in
30 min, for the HDS reactions. Catalyst HDS activity was determined by measuring
sulfur content of the product obtained 10 hours after LGO-D was charged.
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HDS activity was determined by the following formula:
HDS activity =
(Liquid Hourly Space Velocity per Unit Catalyst Weight)x[1/8"° — 1/8o™)

wherein, S and Sy are sulfur contents of the product and feed.

(2) Evaluation of hydrodesulfurization (HDS), hydrodenitrogenation (HDN),
hydrodearomatization (HDA), hydroisomerization (HI), and hydrocracking
(HC) activities with a model feed.

The evaluation test conditions are given in Table 4.

The evaluation test was conducted using a 50 ml flow type autoclave by the
following procedure:
The catalyst (0.5 g) put in the autoclave reactor was treated with a hydrogen gas
containing 5% of H,S flown at 200 cc/min, for sulfidation under the following

temperature program:

The catalyst was heated from room temperature to 200°C in 30 min, at which
it was held for 30 min, to 340°C in 30 min, at which it was held for 2 hours, and
then cooled to 200°C in 30 min.

A test oil for each test was passed into the reactor when the sulfided catalyst
was cooled to 200°C. On completion of passing the test oil, reactor pressure was
increased to 9 kg/cmz-G, and then temperature was also increased to 310°C in 30

min, for the hydrotreating reactions under the conditions given in Table 4.
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Hydrodesulfurization(HDS), hydrodenitrogenation(HDN),
hydrodearomatization (HDA), hydroisomerization(HI), and hydrocracking(HC)
activities were determined by the following formulae:

HDS activity (DBT) =

(Liguid Hourly Space Velocity per Unit Catalyst Weight)x[(Nosr,0 — Nozr)/(Noer)]
wherein, Npsr and Nppry are dibenzothiophene contents of the product and feed.
HDS activity (4,6DMDBT) =

(Liquid Hourly Space Velocity per Unit Catalyst Weight)x[(Ns épmpeT,a — Na,spmpeT)/ (N4 6DMDBT,0)]
wherein, Nggpmppt and Ny gpumper,o are 4,6 dimethyldibenzothiophene contents of the
product and feed.

HDN activity =

(Liquid Hourly Space Velocity per Unit Catalyst Weight)x(Nn)/(Nno — Nn)

wherein, Ny is quinoline content of the feed and Ny is a total content of
propylcyclohexane, propylcyclohexane and propylbenzene in the product.

HDA activity =

(Liquid Hourly Space Velocity per Unit Catalyst Weight)x(Na)/(Nao — Na)

wherein, Na o is 1-methylnaphthalene content of the feed and N, is a total content of
2-methylnaphthalene, methyl tetralin, methyl decalin, alkyl benzene and alkyl

toluene in the product.

HI activity = (Total area of peaks at a retention time of 9.40 to 10.14 in the gas
chromatogram obtained under the conditions given in Table 4, % on total area of all

peaks).

HC activity = (Total area of peaks at a retention time of 4.8 to 5.18 in the gas

chromatogram obtained under the conditions given in Table 4, % on total area of all

peaks).
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The activity assessment results are given in Table 6.

Tabl
Test ol LGO-D
Specific gravity (15/4°C) 0.846
Sulfur (wt.%) 0.92
Nitrogen (wt.ppm) 91.0
Aromatics (wt.%) 26.8

Reactor: Fixed-bed, flow type reactor
Reactor inner diameter: 10 mm

Catalyst charged (g): 4.6
Reactor conditions:
Reactor temperature (°C 320
Reactor pressure (kg/cm™-G) 9
Liquid hourly space velocity (he'h) 0.5
Hydrogen/oil ratio (SCF/B) 800
Table 4

Test Conditions

i 2 3

Test Oil

Composition (wt.%)

n-Cis , 99.20 99.13 89.20

DBT 0.50 050 0.50

4 6-DMDBT : 030 030 030

Quinoline - 0.07 -

1-Methy! naphthalene - 10
Reactor temperature (°C) 310 310 310

Liquid hourly space velocity (hr'") per unit catalyst weight 1.0 1.0 1.0
Hydrogen/oil ratio (SCF/B) 2000 2000 2000
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Table 5
Gas chromatograph : GL Science, GC-353 (FID)
Column : J&W Scientific, DB-1

Inner diameter: 0.25 mm
Film thickness: 1 m
Length: 60 m

Analysis conditions : Oven temperature: 250°C

Injection temperature: 250°C
Detector temperature: 250°C
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cbyC'~,~.. OOOU~~O0OOF m r.306 CL. .-iIN[*1 5 APR 2004 -40 It is
found, based on the results of EXAMPLES and COVPARATI VE EXANPLE%ﬂwmqgn t he
hydrotreati ng catal yst prepared by any one of EXAMPLES, which hds a
specific content of hydrogenation-active conponent(s), satisfies the

rel ationship (1) representing honogeneity and contains a crystalline
conponent, shows nore notable effects in, e.g., desulfurization activity,
t han those prepared by COVPARATI VE EXAMA-ES. It is particularly noted that
satisfying the relationship (1) significantly contributes to inproved
desul furi zation activity, as shown in Table 7. It is also noted that the
hydrotreating catal yst of the present invention, satisfying the
relationship (1), shows especially high activities for . desul furization

(€9, of 4 63 PNRTha bSO A8 EXANPIES LR APARATIVE
EXAMPLES, that the hydrotreating catalyst prepared by any one of EXAMPLES,
which has a specific content of hydrogenation-active component(s), satisfies the
relationship (1) representing homogeneity and contains a crystalline component,
shows more notable effects in, e.g., desulfurization activity, than those prepared by
COMPARATIVE EXAMPLES. It is particularly noted that satisfying the
relationship (1) significantly contributes to improved desulfurization activity, as
shown in Table 7. It is also noted that the hydrotreating catalyst of the present
invention, satisfying the relationship (1), shows especially high activities for
desulfurization (e.g., of 4,6-DMDBT) and isomerization, when incorporated with

selected active component(s), e.g., the catalyst prepared by EXAMPLE 5.



sel ected active conponent(s), e.g., the catalyst prepared by EXAMPLE 5. 5
APR 2004 -41 CLAIMS 1. A hydra treating catal yst conprising a refractor

i norgani c oxide matrix dispersed with a hydrogenation-active conp ly
sai d hydrogenation-active conponent cefiprising at | east one active
conponent (A) selected fromthe Goup 6A el enents, and/or at |east one
active conponent (B) selected fELAIME G oup 8 el enents, wherein (1) total
content of said hydrogenation-active conponent is 0.02nbles to 0.4 noles

per nole of al hﬂd\fgt}g%%%%ﬁftﬁt &%briﬁﬁ@%&tjgﬁ%@r&%r?ﬁi@'o&ﬁ&e mlafpix Of said

hydr ogenat i on- ac any” one, en present at 0.002 nol/nol or
more, satigikp@ged bt ohydwgegatiai-attivnsdrhposen), established by the EPMA
line analysis: Nmax - N,,,,,, < 2x [3 x(NO).s+0.2xNo] (1), wherein Nm, ,

N.;,, and $ud hydrageoatienisalivg CORRPRENRhcAmMPIRE algeasicheastiye compogent

hydr ogenat | gn- act i conponent et erm ned the EPMA |i.ne nal ysis, or

ol | ot ng. V) SEFSHUARCR 05 Oredit G el Shae e R opr arivarefand * 5 s
S paranete % (ﬁ%egggm% 1s, GAereipherein S parameter and P

par anmet er gBr);S%%Ct%lﬁgx %‘%(?F@fsi e ur?i félrrrityer?alnd distribution of the active
conponent par t(1¢!tesl coatepeof taid hydregenetionaetivdyompeneERb/A. (Amotes tnbldysi s,

and (3) one or npre diffracti?}g Li nes relevant to cr stalli ne conponent are
observed by powgtes prr ragje af aodidhs slsmenty (hat conspitutehe RIGHEEr eat i ng

catal yst accorgding-t L m. 1. wherein, sal fractor | i hde
matrix conpri s@é %&sa?%&@oggé&%%%ﬂse&@%ﬁ F’ra(rg& é[%é%él _re gﬂ’gé%g%g?@té?ng of
al um na, silicpol/HRABEBcke, Satistis theofolldeind pelaonship (ONeqablisHedbyethe
thoria, ceria, hafnia, phosphorus oxide, alum na-silica, alum na-nagnesi a,
al um na- bor i a, EBM/xlinganalysishi a, al umina-thoria, alurnina-titania-zirconia,
i ca

stitca Nipag- Nogin < 2X[3%(Np)*+0.2xNo] (1)

wherein Npax , Nmin 20d Np are the maximum, minimum and average contents

of the bydrogenation-active component, determined by the EPMA line

analysis,

or following relationship (2) , established by the EPMA plane analysis:

0.8 < S parameter <1|, 0.8 < P parameter < 1 2)

wherein S parameter and P parameter are an index for size uniformity and

distribution of the active component particles, respectively, determined by the

EPMA plane analysis, and

(3) one or more diffraction lines relevant to crystalline component are

observed by powder X-ray diffraction analysis.

2. The hydrotreating catalyst according to Claim 1, wherein said refractory
inorganic oXide matrix comprises at least one oxide selected from the group
consisting of alurmnina, silica, magnesia, calcium oxide, boria, zirconia, titania,
thoria, ceria, hafnja, phosphorus oxide, alumina-silica, alumina-magnesia,
alumina-boria, alumina-zirconia, alumina-thoria, alumina-titania-zirconia, silica-
magnesia, silica-zirconia, silica-boria, silica-thoria, silica-titania, alumina-silica-

zirconia, alumina-silica-boria, alumina-silica-magnesia, alumina-silica-halfnia,

alumina-silica-phosphorus oxide and alumina-silica-boria-phosphorus oxide.




magnesia, silica-zirconia, silica-boria, silica-thoria, silica-titania,
alum na-silica- zirconia, alumna-silica-boria, alumna-silica-mgnesia,

al um na-silica-halfnia, alumna-silica-phosphorus oxide and

al um na-silica-boria-phosphorus oxi de-4242 5 APR 2004 3. The hydr&ﬁﬁ&@@ﬁng
catal yst according to Claim?2, wherein said refractory inorganic oxide
matrix conprises at | east one oxide selected fromthe group consisting of

S i na bk o B Pesapdrar v i B G O rars o s | ca
i a, .alum na-si,li -boria,.alumna-silica- h i d d

e Rk R bt A% e o ROGRB B et

accordi ng éoasﬁiﬁ% OF Zlupira! ﬁliea,sfﬁhg%ésﬁ, %ﬁﬁﬁﬁfa)’silid:d?‘ﬁhﬂﬁﬂl'agmgg?&‘?a mat rix

conprises an oxide selected fromThe group consisting o um’na-silica,

al um na- sidlimmapbarsyp rdumsnastitade, ahonmlatphiosphenils ioxidez ahanimiasgili®a- The

hydrotreating catal yst according to Clai.m 1, wherein said hydrogenati on-

active corfpeanEsta; e@n@ensmas: qri wa@ﬁﬂm:awapa? %a@emndalumw—

hydr ot reatsiﬂri}%_&?ﬁ _h 8k ha&&ggﬁidgg to Cdaim5, wherein said hydrogenation-
en z? }‘ & [

active corpon onprises nol ybdenum 7. The hydrotreating catal yst
according to Claiml, wherein said hydrogenation-active conponent (B)
conprises at |east one netal conmponent selected fromthe group consisting

of cobal t ,4.ni Thehydpdtreasiogwatedyst agterdingio Chimthaviityeinsridetfiangoryat al yst
according.to Cl aim. wherei n said hydrpgenation- active conponent (B
conpr | Ses RUBARE Ridh BRI EREIPTISE s el St T ige S0 GRS HEERi ng 1 0
Caiml, wighiiabsifeh hiHLE88RHBEphdRES bxﬁe%m%ﬂﬁp{ -GREREARGA COMPOS! te

conponent selected fromthe grodp “consisting of nolybdenumco
nol ybdenum ni ckel and nol ybdenum cobalt- nickel. 5 APR 20 -43 10. The

hydrotreatjn atal,yst according to on f Cains 1, .5 or 8, wherein
y 3. "9k Elyd%/otrca?‘mg catalys% accor ﬂ%’g to éla?m 1, wherein said hydrogenation-

active component (A) comprises molybdenum and/or tungsten.

6. The hydrotreating catalyst according to Claim 5, wherein said hydrogenation-

active component (A) comprises molybdenum.
7.  The hydrotreating catalyst according to Claim 1, wherein said
hydrogenation-active component (B) comprises at least one metal component

selected from the group consisting of cobalt, nickel, paliadium and platinum.

8.  The hydrotreating catalyst according to Claim 7, wherein said hydrogenation-

active component (B) comprises cobalt and/or nickel,

9. The hydrotreating catalyst according to Claim 1, wherein said hydrogenation-
active compopent comprises a composite component selected from the group

consisting of molybdenum-cobalt, molybdenum-nickel and molybdenum-cobalt-

nickel.




sai d hydrogenation-active conponent conprising said active conponent (A)
and/or (B) is further incorporated with a third active conponent Eﬁh 7004
conprising at |east one elenent selected fromthe Goup 1B, 2B a P7BA

el enments. 11. The hydrotreating catal ygi- according to C aim 10, wherein
said active conponent (C) is selected fromthe group consisting of copper,
zinc, manganese and rhenium 12. A process for hydrotreating a hydrocarbon
oi | under hydrotreating conditions in the presence of hydrogen by bringing
t he hydrocarbon oil into contact with the hydrotreating catalyst of Claim

11. 13. The. IOﬂ%ﬂ%’!ﬂrbﬁéathv%éﬂhry@ﬁﬁédwdiﬁgﬁw%?%ﬁé RO Minks PCFEF §i Hedefyy C @l M

12, wherein said hydrocarbon oil is at |east one selected fromthe group
consi st i ngpidhydsageanton-active namipphent cmpisg st lagtive achednety#)ha,

st eam cr acked htha, thermal]|y cracked naphtha, light _gas oi|l, vacuum
gas oil, el @D 'éé{]lﬁb%xn&ema@&smamthlaqhactwreq%pqngﬁr@(Qgﬁ@mpgamgoau. 14.

The proce f r ' sg{if’ i cor.di to daim13,
wherein sgelﬁ'?jt %ﬁ%@gﬁ%%eﬁ@é&#@@r@ngf Q@[@#ﬁ%@?i@t@&@?@mthe group
consisting of light gas oil, vacuumgas oil and cracked gas oil.

11.  The hydrotreating catalyst according to Claim 10, wherein said active

component (C) is selected from the group consisting of copper, zinc, manganese

and rhenium. -

12. A process for hydrotreating a hydrocarbon oil under hydrotreating conditions
in the presence of hydrogen by bringing the hydrocarbon oil into contact with the

hydrotreating catalyst of Claim 11.

13. The process for hydrotreating a hydrocarbon oil according to Claim 12,
wherein said hydrocarbon oil is at least one selected from the group consisting of
straight-run naphtha, catalytically cracked naphtha, steam-cracked naphtha,
thermally cracked naphtha, light gas oil, vacuum gas oil, catalytically cracked gas

oil and thermally cracked gas oil.

14, The process for hydrotreating a hydrocarbon oil according to Claim 13,
wherein said hydrocarbon oil is at least one selected from the group consisting of

light gas oil, vacuum gas oil and cracked gas oil.




