5 APR 2004 1 METHOD FOR PRODUCI NG HYDROTREATI NG CATALYST CROSS- REFERENCE TO
RELATED APPLI CATI ONS This application clains priority to Japanese %aﬁF‘R 04
Application No. 287425/1999, filed October 7, 1999, which is incorporated
herein by reference. | D QE THE I NVENTION This invention relates to a

met hod for producing a hydrotreating catalyst for a hydrocarbon oil, nore
particularly to a nethod for producing;a nulti-conponent solid
hydrotreati ng catal yst containing a uniform crystalline, conposite netal
conpound, prepared by sinultaneous precipitation and acconpanyi ng
coprecipitation of the catalyst conponents fromthe m xture containing at

| east one hydrogenation-active conponent. BACKGROUND OF THE | NVENTI ON
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hydrocarbon oil, more particularly to a method for producing a multi-component
solid hydrotreating catalyst containing a uniform, crystalline, composite metal
compound, prepared by simultaneous precipitation and accompanying
coprecipitation of the catalyst components from the mixture containing at least one

hydrogenation-active component.

BACKGROUND OF THE INVENTION

Solid catalysts for chemical reactions normally comprise a carrier on which

one or more active components are deposited by impregnation, vapor deposition or
the like. In oil refining, various types of catalysts have been proposed for
hydrotreating hydrocarbon oils, €.g., those with one or more hydrogenation-active
components deposited in two stages on a refractory inorganic oxide. The refractory
inorganic oxides useful as the carrier include alumina, silica-alumina, magnesia and
zirconia, and useful hydrogenation-active metal components include at least one of
the group 6A and group 8 metals, such as molybdenum, tungsten, cobalt and nickel,
in particular a combination of the group 6A and group 8 metals, such as

molybdenum-cobalt, molybdenum-nickel and molybdenum-cobalt-nickel.

The basic characteristics a solid hydrotreating catalyst is required to exhibit

include high reactivity and activity maintenance, for which the active sites of the




5 APR 2004 2 active nmetal conponent nust be di spersed unifornmly and
extensively. Therefore, the essential properties of the catalyst are |arge
specific surface area and pore volune. For such a catalyst to be Sﬂﬁﬁﬁgﬁd,
.it is necessary to provide a carrier of large specific surface area an
pore vol une, and to keep these essential properties while it is deposited
with an active netal conponent. One of the disadvantages involved in the

t wo- st age process, which has been devel dped so far to produce solid

-catal ysts, is weak bond between the active netal conponent and carrier,
because the <carrier is inpregnated with a solution of the active
conponent, with the result that it is nerely adsorbed or precipitated on
the carrier. As a result, the active netal conponent is highly nobile

during the catal yst prod | r Rk I Ghiepéfiord i on to
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or precipitation to completion of drying, making it difficult to disperse the active

metal component uniformly and extensively. Another disadvantage is limited

content of the active component and hence limited catalyst activity, because the

active component is immobilized on the carrier already prepared, by which is meant

that content of the active component is limited by total pore volume of the carrier.

In an attempt to solve the above problems, Japanese Laid-open Patent
Application No. 83603/1986 discloses a method for producing the solid catalyst
involving no independent carrier production step, in which an oxygenated
organometallic compound dissolved in a polar compound as the solvent is
hydrolyzed, and the resultant sol is gelled. However, this method involves several
problems; (1) the uniform sol (colloidal solution) prepared by the hydrolysis must
be totally gelled, which limits ratio of the oxygenated compound to the polar
compound, (2) it is difficult to produce a high-density or high-strength compound
metal oxide, when the whole sol is to be gelled, which makes this method
unsuitable for production of practical hydrotreating catalysts required to be
serviceable for extended periods, and (3) the active metal component is

substantially limited to an easily reducible metallic compound which forms a



unsui tabl e for production of practical hydrotreating catalysts required to
be serviceable for extended periods, and (3) the active netal conponent is
substantially limted to an easily reducible netallic conpound V\/rigﬂ%@wns
.a 5 APR 2004 3 precipitate by hydrolysis with water, and anot her und
is difficult to use, even though it is soluble in the hydrolysis effluent
solution, and (4) the gel forned by the 3gelation process is agar-|ike,
difficult to be uniformby agitation, calsing insufficient or inconplete

- hydrolysis. On the other hand, when the mxing ratio is high enough to

al low sufficient agitation, the agar-like gel cannot be continuously

di scharged fromthe vessel to totally gel the sol. This nethod, therefore,
has not been used for production of high-activity hydrotreating catal ysts,
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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
particular, sulfur content of diesel fuel is required to be reduced to 0.05wt.% or
lower. It is now considered that whether this is achieved or not largely depends on
whether sulfur compounds difficult to remove, e.g., 4-methyl dibenzothiophene and
4-6-dimethyl dibenzothiophene, are efficiently desulfurized by development of
high-activity catalysts.

It would be desirable to provide a method for producing a solid catalyst, in
particular hydrotreating catalyst which exhibits high activity in desulfurization,
denitrogenation, dearomatization and the like for hydrotreating hydrocarbon oils,
which exhibits high activity maintenance for the above reactions, and that has an
increased content of hydrogenation-active component dispersed uniformly and

extensively, and large specific surface area and pore volume.



I ncreased content of hydrogenation-active conponent dispersed unifornmly and
extensively, and | arge specific surface area and pore volune. 5 APR 2004 4
SUMVARY OF THE | NVENTI ON Knowi ng t hat the conventi onal tV\D-stagejnRFpmmss
.used for producing the solid catalysts has a limtation of furt
I ncreasing catal yst activity, the inventors of the present invention have
extensi vel y pursued net hods which give catalyst with an active conponent
hi gh in honogeneity and dispersibility without separating the carrier
- production and active conponent deposition steps fromeach other, to find
that all of the catal yst conmponents (a), (b) and (b2) of different
precipitation characteristics can be sinultaneously precipitated by
di ssol ving these catalyst conponents uniformy in a non-aqueous sol vent
and addi WMEQMEWM t he above sol ution for simnultaneous
preci pit acconpanyi ng coprecipitation. The present inventian
relates to a K@lbhﬂﬂFftbat the coneemtipreal ydrstageeprocass usest npsed uging the solid
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characteristics can be simultaneously precipitated by dissolving these catalyst

components uniformly in a non-aqueous solvent and adding a precipitant solution to
the above solution for simultaneous precipitation and accompanying

coprecipitation.

The present invention relates to a method for producing a hydrotreating
catalyst, which comprises (1) dissolving catalyst components (a), (b;) and (b2},
wherein said cataiyst components are defined as:

(a) (i) an aluminum compound soluble in a non-aqueous solvent, or

(ii) a mixture of the above aluminur compound and at least one of the

compounds selected from silicon, phosphorus and boron, soluble in the above

solvent,
(b)) at least one of the compounds selected from group 6A metals, and
(b,) atleast one of the compounds selected from group 8 metals
in a non-aqueous solvent to form a homogeneous solution, (2) preparing a gel
slurry from the homogeneous solution by adding a precipitant solution to the
homogeneous solution, and (3) drying and calcining the gel slurry to form a

homogeneous, crystalline composite metal compound.

Another embodiment relates to a method for producing 2 hydrotreating

catalyst, which comprises (1) dissolving at least one of catalyst components (a},




honogeneous sol ution, and (3) drying and calcining the gel slurry to forma
honogeneous, crystalline conposite netal conpound. Anot her enbodi nent
relates to a method for producing a hydrotreating catalyst, which 5 APR 2004
.conprises (1) dissolving at |east one of catalyst conponents (a), 5 APR
7004 5 (bl) and (b2), wherein said catal yst conponents are defined as: (a)
(i) an alum num conpound sol uble in a nofi-aqueous solvent, or (ii) a

m xture of the above al umi num conmpound and at | east one of the conpounds
~selected fromsilicon, phosphorus and boron, soluble in the above solvent,
at | east one of the conpounds selected fromgroup 6A netals, and at | east
one of the conpounds selected fromgroup 8 netals in a non-agqueous sol vent
to forma honogeneous solution, (2) preparing a gel slurry fromthe
honogeneogs) aRd (bi)owheyeiaddidgatalyst ecmpohemts asolefinehas:urt her contai ni ng
any remai hing cat al st _conponents not added to the non- %geous solvent in
step (1) €@ tiB maﬁgamm@m%mﬂcm}ulﬁﬁm APPNRAIHERYS AT LI ni ng t he gel
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in a non-aqueous solvent to form a homogeneous solution, (2) preparing a gel
slurry from the homogeneous solution by adding a precipitant solution further
containing any remaining catalyst components not added to the non-aqueous solvent
in step (1) to the homogeneous solution, and (3) drying and calcining the gel slurry

to form a homogeneous, crystalline composite metal compound.

The present invention for producing a multi-component, simultaneously
precipitated solid catalyst for hydrotreating, is applicable to all types of the reactions
proceeding when a hydrocarbon oil is brought into contact with hydrogen, in
particular hydrofining, hydrodesulfurization, hydrodenitrogenation,
hydrodearomatization, hydroisomerization, hydrocracking, hydrodewaxing, hydro-

demetallization and the like.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is described more concretely.

The method of the present invention is for producing a catalyst of uniform,
crystalline composite metal compound, based on the concept of support-metal-
unified-synthesis (SMUS) that the inventors of the present invention have

developed, which involves preparation of a homogeneous solution comprising the

selected catalyst components (a), (b;) and (b;) dissolved in a non-aqueous solvent,




The present invention is described nore concretely. The nmethod of the
present invention is for producing a catalyst of uniform crystalline
conposite netal conpound, based on the concept of support-netal- . SAP%IMi
.unified-synthesis (SMJS) that the inventors of the present inventiOn have
devel oped, which involves preparation of a honpbgeneous sol ution conpri sing
the selected catalyst conponents (a), 1) and (b2) dissolved in a

non- aqueous solvent, 5 APR 2004 6 and addition of a precipitant solution to
- t he above honbgeneous solution for sinultaneous precipitation of the above
catal yst conmponents and acconpanyi ng coprecipitation. Mre concretely, the
SMUS process, the basic concept of which is described above, conprises the
followng steps I, Il and Ill: The step | is for preparation of a
honogeneays) sAliHbhT Dpredipisat vblgiohle the abaveysomogepenensautiay fo bl ) and
(b2) in a non-aqueous ‘solvent. The catal yst conmponent (a) is (i) an

al um num giatitanedus predipi¢ation of theraboxg @@&LEStW,m%@‘% APGOTHPARYEr e of

t he above al um num conpound and at | east one of the conpounds sel ected
from t he cppepIpsi@ienst i ng of those of silicon, phosphorus and boron
soluble in the above solvent. The catal yst conponent (b,) is at |east one
of the conpounds selected from the group consisting of those of the group
6A netal s, anﬂaﬁ&eccﬁfﬁ@tlem&hecsmwa@ce(sbzﬂxeitmsmcdmpt obméhicli ig dlﬁcmbngounds
selected fromthe group “consisting of those of the group 8 netals.

Pr ocedur egieek, iconiprises thafidlawing seépsdadhardildi yst conponent are not

limted. One procedure is to prepare a honbgeneous sol ution of at |east

one of the catalyst conponents (a), (bl) and (b2), and to add the other

conponents to ’Ith%estgﬁ) [ foc%rbreparation of a homogeneous solution by dissolving the

catalyst components (a}, (b,) and (b,) in a non-aqueous solvent.

The catalyst component (a) is (i) an aluminum compound soluble in a non-
aqueous solvent, or (ii) a2 mixture of the above aluminum compound and at least one
of the compounds selected from the group consisting of those of silicon, phosphorus

and boron, soluble in the above solvent.

The catalyst component (b)) is at least one of the compounds selected from
the group consisting of those of the group 6A metals, and
the catalyst component (b;) is at least one of the compounds selected from the group

consisting of those of the group 8 metals.

Procedure and timing of addition of each catalyst component are not limited.
One procedure is to prepare a homogeneous solution of at least one of the catalyst
components (a), (b;) and (b2), and to add the other components to the solution
before a precipitant solution is added in the step 1. They may be even added

together with a precipitant solution in the step 1L

The step 11 is for preparation of a gel slurry from the homogeneous solution

by adding a precipitant solution to the homogeneous solution prepared in the step I.




before a precipitant solution is added in the step Il. They may be even

added together with a precipitant solution in the step li. The step Il is
for preparation of a gel slurry fromthe honogeneous solution by gRdijgy a
. precipitant solution to the honbgeneous solution prepared in the step 1. 5
APR 2004 7 Al of the catal yst conponents may be used to formthe
honbgeneous solution in the step I, or $he honpgeneous sol ution of one or
two conponents may be incorporated with the remai ni ng conponent (s)
- together with the precipitant solution during the step Il, where the

former may be contained in the latter before they are added. The preferred
enbodi nents for preparation of the gel slurry of the catal yst conponents
(a), (b,) and (b2) in the steps | and Il to realize the basic SMJS concept

are descr ek ﬂh@tdﬁltalﬁg' fipGierlts maysbd asedioyfory the donsdgeneans solutioa igel
slurry prepared in t preceding step, after it is aged, as required. The
gel sl urrhei sseplb,rmmﬂhle)hcngwrlmuésomh@@to r;gleb@fmccpmpo%erﬁﬁ neay, bhe
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concr et eI r ot
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di ssol ved, gq.f TRE wﬂéﬁeu%mmlmts {drhsepiratioh of tengeltdlerrgaf the catajystr om

t he hormgeneous SOPU'[IOI’I by add |n%©a pr e@m&)l tant solution_tg the above

sol ution ¢emppnénts. (a);l(b Yyoaref @) Bt I tageeliee BiehasiumVHY R songent
silicon al koxi de 8 optionally phosphorus al koxi de and/ or boron al koxi de
for the car %S§f1b§ H?J‘Sﬁent (a); a nolybdate for the conponent (bl); and

i norganic salts of cobalt and nickel for the conponent (b2), which are to
be di ssolved in a non-aqueous solvent to prepare the uniform sol ution.

The step 11 is for drying and calcinating the gel slurry prepared in the
preceding step, after it is aged, as required. The gel slurry is normally aged under

heating before it is dried.

The preferred embodiments for preparation of the gel slurry of the catalyst

components (a), (b;) and (b) in the steps I and II are described more concretely.

The first preferred embodiment (SMUS-A) prepares the homogeneous
solution of the catalyst components (a), (b;) and (b,) dissolved in a non-aqueous
solvent (the step I), and the gel slurry from the homogeneous solution by adding a
precipitant solution to the above solution (step I). The preferred compounds
include aluminum alkoxide, silicon alkoxide, and optionally phosphorus alkoxide
and/or boron alkoxide for the catalyst component (a); 2 molybdate for the
component (by); and inorganic salts of cobalt and nickel for the component (bs),
which are to be dissolved in a non-aqueous solvent to prepare the uniform solution.

Ammonia water may be used as the precipitant solution.

The second preferred embodiment (SMUS-B) prepares the homogeneous
solution of the catalyst component (2) dissolved in a non-aqueous solvent (the step

I), and the gel slurry from the homogeneous solution by adding a precipitant



Ammoni a water may be used as the precipitant solution. The second preferred
enbodi. nent (SMJS-B) prepares the honbgeneous solution of the catalyst

conmponent (a) dissolved in a non-aqueous solvent (the step 1), agpé@ggmgel
.slurry fromthe honbgeneous solution by adding a precipitant 5 AP

sol ution containing the catal yst conponents (bl) and (b2) to the above
solution (step 11). The preferred conpgynds include al um num al koxi de,
silicon al koxide, and optionally phosphorus al koxi de and/ or boron al koxi de
-for the catal yst conponent (a); a nolybdate for the conponent (b,); and

i norganic salts of cobalt and nickel for the conponent (b2), which are to
be di ssolved in a non-aqueous solvent. An aqueous solution of urea may be
used as the precipitant solution. The third preferred enbodi nent (SMJS-C)

prepar es dgchetiaﬂ HeaedsRigsthe2atalyit@dngoriches (ta) ahd ¢b,)cotpoakonssglajioarstepb?)
di ssol ved 1 n a non-aqueous solvent (the step and the gel slurry, from

1), 1.
t h;a Pon?gﬂb‘.emhe ;zr?ffzrg;% a?np];g@ f"b“ﬁe@f’@{“umﬁg‘?"'ﬁ@gg@ﬁ% gﬁfﬁ’ﬁe@% .
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for the ﬁ&n&gﬁ Bheti{B)), wHitlE Bredtoebd disbsived 38 alncedaquecaissotvanudaus
sol vent. An aqugous sol ution of hydrogen sulfide may be used as the
pr eci pi t apfuaniswdloton Shardacuny beprsed @s ﬁb@p@%@ﬁ%ﬁﬁ“{%& D) prepares the

honogeneous sol ution of the catal yst conponents (a) and (b,) dissolved in
a non-aqueous solvent (the step |), and the gel slurry fromthe

Companent . ( b2y iRESieRzds BBEHRLA TSMES, £ bR e mounts.

i ncl ude alypi o fthk @4iadpst conpopentsial antddb,) dissblopd iraabnyaqueous solvent
(the step I), and the gel slurry from the homogeneous sol by adding a precipitant
solution containing the catalyst component (b;) to the above solution (step II). The
preferred compounds include aluminum alkoxide, silicon alkoxide, and optionally
phosphorus alkoxide and/or boron alkoxide for the catalyst component (a); a
molybdate for the component (b;); and inorganic salts of cobalt and nickel for the
component (b;), which are to be dissolved in a non-aqueous solvent. An aqueous

solution of hydrogen sulfide may be used as the precipitant solution.

The fourth preferred embodiment (SMUS-D) prepares the homogeneous
solution of the catalyst components (a) and (b,) dissolved in a non-aqueous solvent
(the step I), and the gel slurry from the homogeneous sol by adding a precipitant
solution containing the catalyst component (b,) to the above solution (step IT). The
preferred compounds include aluminum alkoxide, silicon alkoxide, and optionally
phosphorus alkoxide and/or boron alkoxide for the catalyst component (a); a
molybdate for the component (b,); and inorganic salts of cobalt and nickel for the
component (bz), which are to be dissolved in a non-aqueous solvent. An aqueous

solution of urea may be used as the precipitant solution.




phosphorus al koxi de and/ or boron al koxi de for the catal yst conponent (a); a
nol ybdate for the conponent (bl); and inorganic salts of cobalt and nickel
for the conponent (b2), which are to be dissolved in a non-aqueoush APR 2004

- solvent. An aqueous solution of urea may be used as the precipitant
solution. 5 APR 2004 9 As descri bed above, there are a variety of

enbodi nents for the present invention. Yhe catalyst with a uniformy

di stributed hydrogenati on-active conponent can be prepared by the above

" procedures. The catal yst conponents used in the nmethod for producing the
hydrotreating catalyst are described nore concretely. The catal yst
conponent (a) is (i) an alum num conpound soluble in a non- aqueous

solvent, or (ii) a mxture of the above al (lgp n%mcﬁonpouindéﬁmd at {east one
of the conpourdsdesridsdaboveotherhared Ve SHSMRRHEEHES 18R PEFSCEL | i con,
phosphorus and baqton, solubl.e in ¢ b . ol ed
conpoundsiEnisfe %Ptﬂgﬁgwé 85@%5&v®%&1®?%&§%r90§§§? té(cls)itrl %Fgg%omet allic
conpounds ' ' HE alig@sused. The oxygenat ed

or ganonet 5?%@n%§pn%oundgre£ag§adpy@€%? theeﬁg)rcesent i nvention include

al koxi des, acetyl acetonates and carboxylates of alum num silicon,

phosphorus and boron, of which al koxides with apn alk x%l %Oﬁ‘y havi.ng a
carbon nunber Bie ¢atalystcempoperts awes i thermethaddogipgeducing 1y, CatRE| ude

al um num net hoxi de W 3% al unixnum et hoxi de [AI (OC2H5) 3], al um num
i sopr opoxFa@lyshars d FPOTSEAALEIH num but oxi de [ Al (OC4HI) 3]. The

al koxi des of silicon include tetramethoxy silane [Si (OCH3)4], tetraethoxy
silane [Si(OC2H5)4], tetrai sopropoxy silane [Si(i-OC3H7)3], and
tetra-t-but oxyTisd ttalyst SofniponeXiAMEY (i) af aburainuox cdmpoundshbiyesr a0100nc| ude

hosphat e ester and al kyl hosphoric acid, the .forner bein r
Br ef gr abl aqgeous solwcmtng%/ ) g sHate iof g abgye aluminum compouncpar%) afleast one

of the compounds selected from the group consisting of those of silicon, phosphorus
and boron, soluble in the above solvent. The preferred compounds soluble in a non-
aqueous solvent are oxygenated organometallic compounds, but inorganic
compounds may be also used. The oxygenated organometallic compounds useful
for the present invention include alkoxides, acetylacetonates and carboxylates of
aluminum, silicon, phosphorus and boron, of which alkoxides with an alkoxyl group
having a carbon number of | to 5 are preferable. The alkoxides of aluminum
include aluminum methoxide [Al(OCH;);], aluminum ethoxide [AI(OC,Hs)s),
aluminum isopropoxide [Al(i-OC;H;);], and aluminum butoxide [Al{OC4Hs):].

The alkoxides of silicon include tetramethoxy silane [Si(OCHs)4], tetraethoxy silane
[Si(OC;Hs)4], tetraisopropoxy silane [Si(i-OC;H;);), and tetra-t-butoxy silane [Si(t-
OC,Ho)s]. The alkoxides of phosphorus include phosphate ester and alkyl
phosphoric acid, the former being more preferable (e.g., trimethyl and diisopropyl
phosphate esters). The alkoxides of boron include boron methoxide [B(OCH;)s]
and boron ethoxide [B(OC,H;)s].

The other metal‘compounds useful for the catalyst component (a) include

oxygenated organic compounds of magnesium, calcium, barium, zirconium,

titanium, thorium, cerium, hafnium and gallium, which may be used together with




phosphate esters). The al koxi des of boron include boron nethoxide

[ B(OCH3) 3] and boron ethoxide [B(OC2H5)3]. The other netal conpounds

useful for the catalyst conponent (a) include oxygenated organi c§apRpynds

. of magnesium calcium barium zirconium titanium thorium cerium

haf ni um and gal lium which nmay be used together with 5 APR 2004 10 the

above-nenti oned oxygenated organoal um nud n conpound and/ or oxygenat ed

organosi |l i con conpound. These include nagnesi um et hoxi de [ My( OCH3) 2],

- magnesi um et hoxi de [ Mg( OC2H5) 2], magnesi um i sopr opoxi de {My(i - OC3H7) 2],
cal ci um net hoxi de [ Ca(OCH3) 21, barium et hoxi de [Ba(OCH3)], zirconium

et hoxi de [Zr (OC2H5) 4], zirconi um propoxide [Zr(n-OC3H7)4], zirconiumsec-

but oxi de [Zr(sec-0OC4H9) 4], titanium ethoxide [Ti (OC2H5)4],, titanium

i sopr opoxhe ebofdinféntiotRd)igeantddrorganeahe RERi COE PR § 2]‘)’8@%‘%‘4
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salts ”Eagﬂ}lgi ﬁlggg&ﬂaéfch(()@m - BarignusethokiderBa(©GH;) ] nitcoaties,

sul f at es, acet ates, hydroxi des and ho&phat es, and conpatible
with the ghexideZy(@Csled], zixcgniven peepodide [Zdﬁré@n 7)sTHIFAEONIMEN$FFa al umi num

[ , | f . chl id d. hyd id h f
The. abovebutonidedzstsendy Gitia hdiceaiugn otbpmiel HQGH ol g sl ShetiFo Rt ¢
bur poses ot AEHES AT pARLATRbIATERTOTRERD], ERAGRANOIIGS EBRAITD the
conbi nat | g{&s@{t oL oY RChdE st eanallkalkinbesl, egn sodiumedethioside he
conpostt! (brI]:OCHJ) and potassium methoxide (KOCHs;), and dimetallic alkoxides, e.g.,

Mg(Al(i-OC;sHj7)s), and Ni(Al(1-OC3H;)s)2-

The inorganic compounds useful for the present invention include metal salts
which are soluble in a non-aqueous solvent, e.g., nitrates, sulfates, chlorides,
acetates, hydroxides and phosphates, and compatible with the above oxygenated

organo-metallic compound. These include aluminum nitrate, sulfate, chloride and

hydroxide.

The SMUS method can use any of the above-mentioned metal alkoxides.
These alkoxides may be used either individually or in combination of two or more,
depending on specific purposes of the catalyst. In particular, aluminum alkoxide or
a combination of aluminum and silicon alkoxides can be used, for the compositional
components and properties of the hydrotreating catalyst for hydrocarbon oils. More
concretely, the alkoxide(s) useful for the resent invention include (1) aluminum
alkoxide, and (2) aluminum alkoxide/silicon alkoxide, which may be further
incorporated with an alkoxide of, e.g., phosphorus, boron or zirconium. Quantities
of alkoxides of aluminum, silicon, phosphorous, titanium, boron, zirconium and the

like may be optionally set, depending on specific purposes of the catalyst. For the

catalyst for deep hydrodesulfurization of a hydrocarbon oil, aluminum alkoxide




conponents and properties of the hydrotreating catal yst for hydrocarbon
oils.” More concretely, the al koxi de(s) useful for the resent invention

i nclude (1) alum num al koxide, and (2) al um num al koxi de/silicon al koxi de,
whi ch may be further incorporated with an al koxi de of, e.g., phosBPRJIBN
boron or zirconium Quantities of alkoxides of alum num silicon,
phosphorous, titanium boron, zirconiumignd the |ike may be optionally
set, depending on specific purposes of the catalyst. For the catalyst for
- deep hydrodesul furization of a hydrocarbon oil, alum num al koxi de 5 APR
2004 Il may be mxed with silicon al koxide in such a way to give
silica-containing alumna present at 5to 40 w.% as the oxides, based on
the whole catalyst. The netal conpounds useful for the catalyst caonpgnent
(bl) shouhrhyeehitiked withisibigenalkaxda ot swaha waydd give piliga-GaRtanIng@lyaEna gng

salts and conpl exes onvertible into, metal sulfides | trides, carbides
and the kafléﬂml'ﬁgé%f‘ﬁl%{“ as‘b@’ﬁﬁ.’)‘r‘u beﬁoq eaWhPﬁa“satt&é’%\ of the conpounds
selected fromthe group consisting of those of the group 6A netals. Mre
concretely, they include salts of netals such as chrom um nolybdenum and

tungsten; e.g.Fhd Aftdadntpsiddsuseful Jor tha datallsiscompdrent it sshoaid extibiti des
and ammonium salts of netallic acids); and organic acid salts (e.

acet ates agdrogemativasictivitheandhinshudenmstal pxidss, ard salts andeomploxss| ug'e’
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activity,  ggbdenet &l@%r@hﬁGﬂﬂhﬁ:talﬁtemre%hdmelyaméyéablmﬁeaaﬂs of omgihlssash
convertibl'e into netal sulfides, nitrides, carbides and the |ike. The

cat al yst aswheomium( b@)ybhdenam pedtangsien; 6121 MOTEHHP saltH(C-EeMEEAES from t he

Jroup chlorides, oxychlorides and ammonium salts of metallic acids); and organic acid

salts (e.g., acetates and oxalates). The ammonium salts of metallic acids include
ammonium molybdate, tungstate, para-molybdate, phosphomolybdate and
phosphotungstate. The organometallic compounds, e.g., alkoxides, acetylacetonates

and carboxylates, can be also used.

The metal compounds useful for the catalyst component (b,) should also
exhibit hydrogenation activity, and include elements, metal oxides, and salts and
complexes convertible into metal sulfides, nitrides, carbides and the like. The
catalyst component (b,) is at least one of the compounds selected from the group
consisting of those of the group 8 metals. More concretely, they include salts of
metals such as iron, cobalt, nickel, ruthenium, rhodium, palladium, indium,
osmium, iridium, platinum; e.g., inorganic salts {e.g., nitrates, chlorides,
oxychlorides and ammonium salts of metallic acids); and organic acid salts (e.g.,
acetates and oxalates). The organometallic compounds, e.g., alkoxides,

acetylacetonates and carboxylates, can be also used.

A combination of compounds of the metals of group 6A and group 8 is

suitable for the catalyst for hydrotreating a hydrocarbon oil. For production of such




consisting of those of the group 8 netals. Mre concretely, they include
salts of netals such as iron, cobalt, nickel, ruthenium rhodium
pal | adium indium osmum iridium platinum e.g., inorganic sd&i AR & g.,
. hitrates, chlorides, oxychlorides and ammonium salts of netallic acids);
and organic acid salts (e.g., acetates and oxal ates). The organonetal lic
conpounds, e.g., alkoxides, acetylacetﬂfates and car boxyl ates, can be al so
used. A conbination of conpounds of the 'hetals of group 6A and group 8 is
- suitable for the catalyst for hydrotreating a hydrocarbon oil. For
production of such 5 APR 2004 12 a catal yst, at |east one of the conpounds
sel ected fromthe group consisting of those of the group 6A netals (e.g.,
nol ybdenum tungsten and chromiun) and at |east one of the conpounds
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rheni um ( used in place of, or together with, the

conpound .?%%B&Mﬁpam tahgSenatickel, @m@bdmm—cobahﬁécwt@dy@ﬂgé@ﬁpo nent s
(b1) and

are controlled in the steps | 1 b n the
cat al yst @gbalt- ﬁkhﬂhlfeswmcmphowoéiolﬁggatﬁop@kgf 'ttf?ééfta(f&a‘lj ebaé{‘gﬁ%ﬁfgr hat
constitute the hydrotreating catalyst. Including specific contents of the
net al s giv%aél-the uniform crystalline catal yst.

The other hydrogenation-active compounds useful for the present invention
include those of copper (group 1B}, zinc and cadmium (group 2B), tin (group 4B),
phosphorus (group 5B) and manganese and rhenium (group 7B}, which may be

used in place of, or together with, the compound of the group 6A or 8 metal.

Quantities of the catalyst components (b)) and (by) are controlled in the steps I
and 1], to be included in the catalyst at 0.02 moles to 0.4 moles per mole of the total
elements that constitute the hydrotreating catalyst. Including specific contents of

the metals gives the uniform, crystalline catalyst.

The non-aqueous solvent to be used in the step is not limited, so long as it
dissolves the catalyst components (a), (b1) and (b,) to form a homogeneous solution.
The compounds useful for the present invention as the solvent include monoalcohols,
divalent alcohols, ketoalcohols, aminoalcohols and carboxylic acids, of which divalent
alcohols are more preferable. The divalent alcohols useful for the present invention
include hexylene glycol, 3-methyl-1,3 _butanediol, 2,5-dimethyl-2,5-hexanediol, 2,3-
butanediol, 2,4-pentanediol, 1,5-pentanediol, 1,6-hexanediol, 2,5-hexanediol, 1,2-

cyclo-hexanediol and 1,3-cyclohexanediol.




The non-aqueous solvent to be used in the step | is not limted, so |long as
it dissolves the catalyst conponents (a), (b[err]) and (b2) to forma
honbgeneous sol ution. The conpounds useful for the present i nvent i HAPREI

t he sol vent include nonoal cohols, divalent al cohols, ketoal cohols,

am noal cohol s and carboxylic acids, of which divalent alcohols are nore
preferable. The dival ent al cohol s usequ3for the present invention include
hexyl ene gl ycol, 3-nethyl-1, 3-butanediol; 2,5-dinethyl-2,5-hexane diol,

- 2,3- butanediol, 2,4-pentanediol, 1,5-pentanediol, 1,6-hexanediol,

2, 5- hexanedi ol , 1,2- cyclo-hexanedi ol and 1, 3-cycl ohexanediol. 5 APR 2001
13 The non-aqueous sol vent can be used at 0.1nples to 50 noles per nole of
a netal compound as the catal yst conponent (a), preferably 1nol/nol to 20

mol /ol . At Vo lq %ds%ﬂverﬁ'&aﬁ%@%&ﬂﬁeoquﬁ@lestcy 50fmoles peonvelatofai | |
make it difficult to "forma honbgeneous slurry in the subsequent step.
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Tenper at ure cht geneous solution 1s forned is not limted,

and can bﬁigﬂyMOgmabheycatdgmendl ng on, e.g., type of solvent used.
However, it is preferably in a range from 10C to 100C, for controlling
deterioration of the reaction reagent and reducing preparation tinme. The

br oci pi a1 on Indhe Bfke LI B eh ol RERh e oy BB BRARAEAMRLS i Lat on

I's conposed fiouRid as the catalyst component (a) and inorganic metallic compounds as the
catalyst components (b;) and (by) are dissolved in the non-aqueous solvent, with
stirring by an adequate means, to form the homogeneous solution. Temperature at
which the homogeneous solution is formed is not limited, and can be set optionally
depending on, e.g., type of solvent used. However, it is preferably in a range from

10°C to 100°C, for controlling deterioration of the reaction reagent and reducing

preparation time.

The precipitant solution to be used in the step II for simultaneous precipitation
of the catalyst components and accompanying coprecipitation is composed of a
precipitant dissolved in water. The precipitants solution useful for the present
invention includes aqueous solutions of ammonia, amine, hydrogen sulfide,
ammonium sulfide, ammonium thiocyanate, oxalic acid, phosphoric acid, urea and
thiourea. They may be used either individually or in combination. One or more
aqueous solutions are selected for specific catalyst components and procedure by
which they are added. Preferable aqueous precipitant solutions include those of

ammonia, hydrogen sulfide, ammonium sulfide, thiourea and a mixture thereof, for

securing high desulfurization activity.




preci pitant dissolved in water. The precipitants solution useful for the
present invention includes aqueous sol utions of amonia, am ne, hydrogen
sul fide, ammonium sulfide, amonium thiocyanate, oxalic acid, phpsrRE C
. acid, urea and thiourea. They may be used either individually or in
conmbi nation. One or nore aqueous solutions are selected for specific
catal yst conponents and procedure by wjgch they are added. Preferable
aqueous precipitant solutions include those of ammonia, hydrogen sulfide,
- ammoni um sul fide, thiourea and a m xture thereof, for securing high
desul furization activity. 5 APR 2004 14 The sinul taneous precipitation of
the catal yst conponents fromthe honbgeneous solution is effected by the
aid of the precipitant solution, which forms conpounds of |ow solubility

product const g siffsPhnvbisprebipitatiparifithe catabyst canthonents fram ggne tine, to
coprecipitate the coexisting, |ow concent raéi on ions havin ol UE; I isty
?

a
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setting its solubility product constant at 107 or less.

Solubility product with a solvent can be determined by one of the following
methods:

1) the closed method in which solubility product is measured for a closed
saturated system of a solute and solvent: it is further subdivided into the dew
point method and the one using a differential thermal analyzer (or a
conductivity analyzer for electrolytes) which establishes a cooling curve by
cooling the system from temperature at which the solute is completely
dissolved and absorbing or releasing the heat of crystallization when it
crystallizes, and

2) the chemical analysis of a saturated solution attaining a solubility equilibrium
at given temperature, after it is selectively taken out: this analysis is

conducted by a Bordeaux, Campbell or Robinson solubility analyzer.

When an aqueous solution of hydrogen sulfide is used as the precipitant
solution for the step II, the precipitate containing all of the catalyst components can
be prepared, because the oxygenated organometalllic compound or oxygenated

organophosphorus compound as the catalyst component (a) is hydrolyzed to be

simultaneously precipitated as the hydroxide, and the inorganic metal compounds as




di ssol ved and absorbing or releasing the heat of crystallization when it
crystallizes, and 2) the chem cal analysis of a saturated sol ution
attaining a solubility equilibrium at given tenperature, after it%ABR 200¢
.selectively taken out: this analysis is conducted by a Bordeaux, Canpbell
or Robinson solubility analyzer. When an aqueous sol ution of hydrogen

sulfide is used as the precipitant solutgon for the step Il, the
precipitate containing all of the catal yst conponents can be prepared,
-because t he oxygenated organonetal llic conpound or oxygenated

or ganophosphorus conpound as the catal yst conmponent (a) is hydrolyzed to be
simul taneously precipitated as the hydroxi de, and the inorganic netal
conpounds as 5 APR 7004 15 the catal yst conmponents (bl) and (b2tia are

si mul t anequs tatabyst copigoneats (bs) art(ba) afd slaviltapeoedppsedipitatedens thy sulfides
adsorption, occlusion, solid sol utiO{‘n forma‘t.i onhjcegr t%e I it.ke. ltﬁ ﬂ(ger to
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gquantity of the precipitant solution at a |l evel sufficient for
precipitation of the target conponents. One should also prepare the fluid
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stirring rate, g e size,  gel particle concentration, tenperature
and pr essypghuantitpoiherprbtipitant solinon hta deved sufficientrfor pregipiteldonyef the urry
is normal |y aged, for which it is heated to 5%.8%&@ Cat.whigh it is held
pr ef er abl ytafget camposgsts. 10mgshoulrhilso ( prepassehe T g PR,

controlling pore characteristics. of A Vi Lt le si
ot vity. Mereoggupisspraian 1ot B bRt Em, A rin B e okl lq size
filtration il Sietd. tetapbraneRAndlpressuee) eeanefeasblyrset.o adj ust
cont ent ofg%lﬁ}gmv\‘g?g%flg%nt al ni'ng %ol vent, pand forrregni nto a shape by tabl et
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In the step ITI, the prepared gel slurry is normally aged, for which it is heated
to 50°C to 99°C at which it is held preferably for at least 1 hour. This treatment is

mainly aimed at controlling pore characteristics of the catalyst and improving its

activity.

The aged gel slurry as the catalyst precursor is treated by filtration, settling,
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, tablet-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. 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 are then dried and calcined. 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 at which they are held for

1hour to 20 hours in an oxidative, reducing, inert, sulfiding, nitriding, carbonizing

ot steam atmospheres depending on their specific purposes.




the like. The catalyst may be cylindrical, tablet-shaped, spherical or

‘ot hers, such as that having a four-|leaf section. It is inportant for the
catalyst to have a shape and size which allow to control packi ng) ABhgilky
.in the reactor. Catalyst diameter is normally in a range fromO.5mmto 20
mm on the average, viewed fromincreasing packing density and controlling
pressure |l oss. The catalyst pellets fornmgd are then dried and cal ci ned.
They may be dried by one of many nethods, e.g., air-drying, drying in hot
wi nd, drying under heating and freeze drying. They are calcined at 150C to
700C at which they are held for lhour to 20 hours in an oxidative,
reducing, inert, sulfiding, nitriding, carbonizing or steam atnospheres
depending on their specific purposes. 5 APR 2004 16 The sul fiding treatnent
is effected by bringing the calcined catalyst pellets into contact with a
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conpound conposed of a m xture of at |east one of elenent, oxide, sulfide,
nitride and carbide. The content of the conposite netal conpound is

0.02nol es to 0}'14e DY 06 nRSalt dRnporbn® §eniat edwatt ammoniBtedl catbenizet sviler nol e
of the total elenments that constitute the hydrotreating

carbon.

The above activation treatment improves reaction activity, e.g., that for

desulfurization, and mechanical strength, among others.

The hydrotreating catalyst produced by the method of the present invention
contains a uniform, crystalline composite metal compound composed of a mixture
of at least one of element, oxide, sulfide, nitride and carbide. The content of the
composite metal compound is 0.02moles to 0.4 moles as the hydrogenation-active
metal elements per mole of the total elements that constitute the hydrotreating
catalyst. The catalyst has a specific surface area of 10m%g to 1000 m%/g, total pore
volume of 0.1 ml/g to 2 ml/g and average pore diameter of 4 to 1 000, and is

suitable for hydrotreating a hydrocarbon oil.

Hydrocarbon oils which can be treated by the catalyst produced by the method
of the present invention are not limited. They include petroleum-derived oils, e.g.,
atmospheric distillates, atmospheric residue, vacuum distillates, vacuum residue,
cracked distillates, raffinates, hydrotreated oils, deasphalted oils, dewaxed oil, slack

wax, Fischer-Tropsch wax, and a mixture thereof. They also include oil derived

from tar sand and shale oil, coal-liquefied oil, and a mixture thereof. The catalyst is




catal yst. The catalyst has a specific surface area of 10n2/g to 1000 n2/g,
total pore volunme of 0.1 mM/g to 2 mM/g and average pore dianeter of 4 to
1000, and i s suitable for hydrotreating a hydrocarbon oil. Fydg?pﬁmgpn
.oils which can be treated by the catal yst produced by the nethod t
present invention are not limted. They include petroleumderived oils,
e.g., atnospheric distillates, atnosph H c residue, vacuumdistillates,
vacuum resi due, cracked distillates, raffinates, hydrotreated oils,
-deasphal ted oils, dewaxed oil, slack wax, Fischer-Tropsch wax, and a

m xture thereof. They also include oil derived fromtar sand and shal e
oil, coal-liquefied oil, and a m xture thereof. The catalyst is 5 APR 2004
17 particularly suitable for treating vacuum cracked and strai ght-run

distillat 1arl @0 Eb IO treatths vacu@fidcmickedand streipheirih distibimenionds
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pyridines, afg%éuaﬂﬁd'ﬁmlﬁl&? Yﬁﬁu%ad%éﬁréﬁﬁigoamﬁi%ﬁh@bié r&li@se whileta ar e
weakly basic. The net al's mcFude ni ckel , vanadi um and_iron. The catal yst
produced hychilg, beilhatamfundt 3R Ar tesel®d, and wontming significat quAntitesyatuum
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catal ytic gimethyl-dibenzothiophene. 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 include straight-run naphtha, straight-run 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-cracked naphtha, and other light fractions used as fuel

components which boil at around 250°C or lower.

The hydrotreating conditions are not limited. They can be adequately selected

for specific situations, e.g., type of hydrocarbon oil to be treated and desired

reactions, and target desulfurization and denitrogenation levels. The conditions are




cracking unit. The atnospheric distillates include straight-run naphtha,
straight-run heavy naphtha and kerosene fractions. They al so include
gasol i ne conponents produced by various cracking units, e.g. SAPRZWl
.catalytically cracked naphtha, thermally cracked naphtha and st eam cr acked
napht ha, and other light fractions used as fuel conponents which boil at
around 250C or |lower. The hydrotreating fgnditions are not limted. They
can be adequately selected for specific Situations, e.g., type of
“hydrocarbon oil to be treated and desired reactions, and target
desul furi zation and denitrogenation | evels. The conditions are 5 APR 2004
18 reaction tenperature: 150C to 500C, preferably 200C to 450C, reaction
pressure: 1 kg/cn2 to 350 kg/cnR2, nore preferably 5 kg/cn2 to 300 kg/cng,
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the presenfioh activities for, e.g., hydrofining, hydrodesulfurization, hydro-denitrogenatlon
hydrodearomatization, hydroisomerization, hydrocracking and hydrodewaxing, and
also high activity maintenance therefor. Therefore, it can stably achieve 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 produced by the present
invention can be effected in any type of reactor, e.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
hydrotreatment. This is a particularly preferable configuration, when heavy oil is to

be treated. Hydrocarbon oil may be brought into contact with a hydrogen-

containing treat gas either co-currently or counter-currently.




I nvention can be effected in any type of reactor, e.g., fixed, fluidized,
ebul lated or noving bed type. A fixed bed type is a normal choic %ﬁﬂw‘its
si npl er process and higher operability. Two or nore reactors nm B
-connected in series for deeper hydrotreatnent. This is a particularly
preferable configuration, when heavy oil is to be treated. Hydrocarbon oi
may be brought into contact with a hydrogen- containing treat gas either
co-currently or counter-currently. 5 APR 2004 19 EXAMPLES The present
“invention is described nore concretely by EXAMPLES, which by no neans
limt the present invention. The follow ng reaction reagents or the |ike
are used for catalysts prepared by EXAMPLES and COVPARATI VE EXAMPLES:

Al um num i sopropoxi deAl (i - OC3H7) 3 Tetraet hoxysi |l aneSi (OC2H5) 4
12-Nb|ybdqﬂ%émngggﬂ9ric aci dH3( PML20406H20) Ammoni um

7- nol ybdat e( NH4) 6Mo70244H20 Cobal t nj tr.at eCo( NO3) 2, 6H2 i .

ni trat eNi ( NO3)Phe peesenpinygatien is deseabedyaers ¢qrmr%t§bbPY Qﬁ?g\@iﬁaﬁ,?rs whigh By
anal yzed by the EENA | i ne aqd | ane anal ysis, and powder X-ray

di f f r act omoymFans HOPLEE RIEFSAL L % 1 (SNCVMBAMA2) A honpgeneous sol ution
of 46.0 g of alum num i sopropoxide, 4.9 g of tetraethoxysilane, 9.0 g of
cobalt nitrate, 2.1 g of nickel nitrate and 370.8 g of hexylene glycol was
prepared with Fhé followin reaotiod ozagéntwoor the likeeare Bed for oftabystaopriepared by

7-nmol ybdat e was di ssolved in 208.9 of re
Y EXAMPLES and COMPARATIVE EXAMPLES:

Aluminum isopropoxide Al(i-OC;H5);
Tetraethoxysilane Si(OC;Hs)4
12-Molybdo-1-phosphoric acid ~ H3(PM3040°6H;0)
Ammonium 7-molybdate (NH.)sM07024°4H,0
Cobalt nitrate Co(NO;3); *6H,0
Nickel nitrate Ni(NO;), *6H,0

Homogeneity and crystallinity of the catalyst were analyzed by the EPMA

line and plane analysis, and powder X-ray diffractometry, respectively.

EXAMPLE 1 (SNCMSAMO(2)

A homogeneous solution of 46.0 g of aluminum isopropoxide, 4.9 g of
tetracthoxysilane, 9.0 g of cobalt nitrate, 2.1 g of nickel nitrate and 370.8 g of
hexylene glycol was prepared with stirring at 80°C for 4 hours.

Then, 9.5 g of ammonium 7-molybdate was dissolved in 208.9 g of pure
water, to which ammonia water was added to keep the solution at pH 9.8. A
hydrogen gas containing 5% of H;S was passed through this solution with stirring at

400 ml/min for 8 hours, and then an N, gas was passed through this solution with

stirring at 20 ml/min for 12 hours, to form an aqueous solution of precipitant of pH

9.1.




water, to which anmmoni a water was added to keep the solution at pH 9.8. A
hydrogen gas cont ai ni ng 5% of H2S was passed through this sol utiog %ﬁﬁtﬁ
stirring at 400 mM/mn for 8 hours, and then an N2 gas was passe gh
-this solution with stirring at 20 mMImn for 12 hours, to form an aqueous
solution of precipitant of pH 9.1. 5 APR 2004 20 The aqueous sol ution of
preci pitant was added to the above honoggpeous solution dropwi se at 10
m/mn for hydrolysis, to prepare a slurry containing the precipitate. The
“gel slurry thus prepared was aged under heating at 90C for 16 hours. The
aged gel slurry was centrifugally treated to separate the gel fromthe
solvent. The gel was dried at 90C for 24 hours under a vacuum to prepare
the catalyst precursor. This precursor was i nmersed in a hydrocarbon
liquid, and theke aghezaolytiar ef petiptand 7a6 ddded tolthevabdvéidmogengouso
prepare a hydrotreating catalyst (SNCVMSAMD2). 1t had chem cal

conposi t i solutfonsdioipsese Bt Y0 ml/min fonhydralysiss & prepareg S%FX/BGQWHHpgdh‘Fl de

34.5 W . % bal t % Kk
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m xture was further stirred at 80C for 3 hours, Then, ﬁﬁ aé
nitrate arcdtalststzprgcwfsom'Ehlélprﬁwflsat é'aa/éfr@%ra%w wyfimcaamaqu @ngfgen

m xture was stl t b 17 hour nto a, hono n. Then
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alumina: 45.9 wt.%, molybdenum sulfide: 34.5 wt.%, cobalt sulfide: 11.3 wt.% and
nickel sulfide: 2.6 wt.%, and contained 0.122 mol/mol of the hydrogenation-active

component. It showed homogeneity and crystallinity.

EXAMPLE 2 (NCMSAH16)

A mixture of 78.9 g of aluminum isopropoxide and 493.7 g of hexylene glycol
was stirred at 80°C for 4 hours, to which 8.4 g of tetraethoxysilane was added, and
the mixture was further stirred at 80°C for 3 hours. Then, 5.8 g of cobalt nitrate and
1.4 g of nickel nitrate were added to the above, and the mixture was stirred at 80°C

for 17 hours into a homogeneous solution.

Then, 7.4 g of ammonium 7-molybdate was dissolved in 119 ml of pure water
at 80°C, to which ammonia water was added to prepare water for hydrolysis kept at
pH 9. It was added to the above homogeneous solution dropwise at 1 m/min for
hydrolysis, to prepare a slurry containing the precipitate. The gel slurry thus
prepared was aged under heating at 90°C for 88 hours. The aged gel slurry was

evaporated and solidified by a rotary evaporator, and then calcined at 650°C in a

flow of air, to prepare a hydrotreating catalyst NCMSAHI6).




pH 9. It was added to the above honpbgeneous solution dropwise at | m/mn

for hydrolysis, to prepare a slurry containing the precipitate. Tﬂﬁ%ﬂﬁg
slurry thus prepared was aged under heating at 90C for 88 hours. ed
.gel slurry was evaporated and solidified by a rotary evaporator, and then
calcined at 650Cin a flow of air, to prepare a hydrotreating catal yst
(NCMSAH 16). 5 APR 2004 21 It had a chemcal conposition of silica: 8.1
wt.% alumna: 65.7 w.% nol ybdenum oxXide: 20.0 wt.% cobalt oxide: 5.0
-wt. % and nickel oxide: 1.2 w.% and contained 0.051 nol/nol of the

hydr ogenati on-active conponent. It showed honpbgeneity and crystallinity.
EXAMPLE 3 (NCVBAHL13) A m xture of 64.9 g of al um num i sopropoxide and 451.1
g of hexylene glycol was stirred at 80C for 4 hours, until the honobgeneous

sol ution was YhthG8 ﬁoﬁcﬂsﬁicat &L T 320k OMMEIih#Nes Past gded, and
the m xture waqg%?urtﬂ]%rﬁ@ta}rre %It 80C for 3 hours. Then, 8.7 g of cobalt

nitrate apgol gbaeﬁu@;f oxiek®0.0nit Yeatebate brideaddbut %6 ahtimickehveideind? mtb,

m xture was Stirred at 80C for 4 hours into a honpgeneous soI t|on Then,
11.0 g of apdroomitaimed Onti ym@ol\@fs‘.hmhydmgr@@tlpn agivg componsat-o It shepied 1o
whi ch ammoni a wat er added to prepare an aqueous sol ution of

pr eci pi tadtomn%%’%ﬁs@‘yﬁf‘ﬁém ueous solution of precipitant was added to
t he above honbgeneous solution dropwise at 1 m/mn for hydrolysis, to
prepare a slurry containing the precipitate. The gel slurry thus prepared

was aged ;Eﬁﬁé\'lﬁ?l?B eM$RA139r 88 hours. The aged gel slurry was
an

evapor at e ol 1di |ed by a rotary evaporator, and calcined at 650C for
5 hours in a fAamixtfireof 64.9¢ of alpaxisum isgprapoxéds andy48 hilag 9€ hexylene glycol

was stirred at 80°C for 4 hours, until the homogeneous solution was obtained, to
which 6.9 g of tetraethoxysilane was added, and the mixture was further stirred at
80°C for 3 hours. Then, 8.7 g of cobalt nitrate and 2.1 g of nickel nitrate were

added to the above, and the mixture was stirred at 80°C for 4 hours into a

homogeneous solution.

Then, 11.0 g of ammonium 7-molybdate was dissolved in 97.8 g of pure

water, to which ammonia water was added to prepare an aqueous solution of

precipitant kept at pH 9.

The aqueous solution of precipitant was added to the above homogeneous
solution dropwise at 1 m!/min for hydrolysis, to prepare a slurry containing the
precipitate. The gel slurry thus prepared was aged under heating at 90°C for 88
hours. The aged gel slurry was evaporated and solidified by a rotary evaporator,
and calcined at 650°C for 5 hours in a flow of air, to prepare a hydrotreating catalyst
(NCMSAH13). Ithada chemical composition of silica: 6.7 wt.%, alumina: 54.0
wt.%, molybdenum oxide: 30.0 wt.%, cobalt oxide: 7.5 wt.% and nickel oxide: 1.8

wt.%, and contained 0.082 mol/mol of the hydrogenation-active component. It

showed homogeneity and crystallinity.



(NCVBAHL3). It had a chem cal conposition of silica: 6.7 w.% al um na:
54.0 - w.% nol ybdenum oxide: 30.0 wt.% cobalt oxide: 7.5 wt.% and ni ckel
oxide: 1.8 wt.% and contained 0.082 nol/nol of the hydrogenatiqnsaﬁhimﬁ
conponent. It showed honopgeneity and crystallinity. 5 APR 2004 22
"COVPARATI VE EXAMPLE 1 Pure water (2.0 1) was heated to about 70C, to which
caustic soda was added to keep the solution at around pH 12. An agueous
solution of alum numsulfate (alum num dél fate: 518 g and pure water: 710
.g) was added to the above al kaline water. The solution was adjusted at pH
8.4 to 8.8 wth caustic soda or nitric acid, and aged at around 70C for
around 0.5 hours, to form an aqueous solution containing the precipitate
(gel) of alum num hydrate. An aqueous solution of sodiumsilicate (No.3

wat er gl as : added to the above aqueous sol ution.
The m xed égw&mﬁgﬂﬁl‘ETpH 8.8 to0 9.2 wth nitric acid, and aged
at around 70C phfe R4S, O)AwROHER dTt&alf)&!it”?(??@'éb'Wlﬁcﬁ%tﬂ:ft[cp&bcfa%ﬁ@hﬂﬂéw

precipitated particles | um na ydrat e cover I ca hydrate. This

slurry  wag fdeptthatsetliticingt droand pphi 2t ¢ch sqleousasiwisheflaivwiihuansifieous
sol uti on of ammnl um carbonate, until sodiumcontent in the filtrate was

decr eased (aufippmsuifatd: &38.g mépuafkwaWas’ibﬁ gpwvastadded te theahornaikali 1p® a

t t at h t truded t l.i nd |
ol Tets SwatemTte solhion atas sfniste BRE.F yo B widtgRe sbBtSr BiticaHd ey
and cal ol nech 2 B08olifl 7oRtd Sroldl OSHRAE bfie %réq oys SBRuRAY 1 e vas

| rrpregnate an aqueous sol ution of amuni um and dried at
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sodium sﬂlcate (No.3 water glass, pure water: 210 g) was added to the above
aqueous solution. The mixed solution was adjusted at pH 8.8 to 9.2 with nitric acid,
and aged at around 70°C for around 0.5 hours, to form a slurry 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°C in a 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.

The carrier was impregnated with an aqueous solution of ammonium 7-
molybdate, and dried at 120°C and calcined at 450°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). It contained 0.051

mol/mol of the hydrogenation-active component.

COMPARATIVE EXAMPLE 2

A mixture of 178.3 g of aluminum isopropoxide and 765 ml of hexylene
glycol was stirred to react them with each other at 80°C for 4 hours, to which 139 g
of tetracthoxysilane was added with stirring at 80°C for 20 hours, for further



calcined at 500C, to prepare the conparative catalyst (a). It contained
0.051 nol/nol of the hydrogenation-active conponent. COVPARATI VE EXAMPLE 2
A mxture of 178.3 g of al um num i sopropoxide and 765 m of hexgl ene

glycol was stirred to react themwith each other at 80C for 4 hd&PRlo
“which 13.9 g of tetraethoxysilane was added with stirring at 80C for 20
hours, for further 5 APR 2004 23 reactions. Water (196 m) was added to the
above reaction systemat | m/mn, for %&drolysis at 80C. The effl uent
.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 tablet maker, 20 nmin
diameter, at 2 tons/cnR, into a carrier of | |%5i 02-A1203. The carrier was

[ d with ' b he fall gw T .
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phosphori %é@}g(lk}%iis%%ggd?f cobalt nitrate, 2.3 g of nickel nitrate and 5.8 g

of citric g'of a m xed solution of amoni a water and pure
wat er, where ammonia water/pure water ratio was adjusted to nmake the

solution with the solutes conpletely dissolved at pH 9. The inpregpali on
sol ution was afidedffilrempaobgionwas ag@i/ 2190 Cefor ’fﬂqbourlsmvmﬂa@@r@aﬁcaldg&eﬁias

dried at 110C al | night, and cal ci ned Cfor 3 h ipat
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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, 9.7 g of cobalt nitrate, 2.3 g of nickel nitrate 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 impregnation solution was added dropwise onto the carrier. 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: 0.8 wt.%, and contained 0.051
mol/mol of the hydrogenation-active component. It had a specific surface area: 244

m?/g and total pore volume: 0.43 ml/g.



mol / nmol of the hydrogenation-active conponent. It had a Spedficﬁ/&m
area:” 244 nR/g and total pore volune: 0.43 m/g. 5 APR 2004 24 VE

EXAMPLE 3 A mixture of 0.62 g of alum num i sopropoxide [Al (i-0OC3H7)3] and
777.0 g of hexylene glycol was stirred at 80C for 4 hours, to which 148.5
g of tetraethoxysilane was added, and the m xture was further stirred at
80C for 3 hours. Then, 5.8 g of 12-nol ylado-I|-phosphoric acid

[ H3( PML2040- 6H20)], 5.1 g of cobalt nitrate [Co(N03)2.6H20)] and 1.2 g of
nickel nitrate [N (N03)2.6H20 ] were added to the above solution, with
stirring at 80C for 17 hours, to prepare a honogeneous solution. Water
(257 M) was added dropwi se at 80C to the above honbgeneous solution at

I m/mn for hydrolysis, to prepare a slurry containing the precipitate.
Then, t he COMPARAMEIGE EXAMPILEBand for 160 hours, while kept at 90C, for
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of the hydrogenation-active conponent. The chem cal conpositions and
properties of the catalysts prepared by EXAMPLES and COVPARATI VE EXAMPLES

are given in Table 1. Evaluation, o tal yst Actiyi The |

prepared by ExXPnm.Bs gf @WMQ'\]/EP%‘%B : ‘ESClwéﬁ%aéﬁhgggébﬁ&fﬁecffr
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were added to the above solution, with stirring at 80°C for 17 hours, to prepare a

homogeneous solution.

Water (257 ml) was added dropwise at 80°C to the above homogeneous
solution at lml/min for hydrolysis, to prepare a sturry containing the precipitate.
Then, the slurry was allowed to stand for 160 hours, while kept at 90°C, for aging,
evaporated and solidified by a rotary evaporator, and calcined at 650°C for 5 hours
in a flow of air. The catalyst thus prepared, comparative catalyst (c), had a chemical
composition of alumina: 0.3 wt.%, silica: 85.7 wt.%, molybdenum oxide: 10.4
wt.%, cobalt oxide: 2.6 wt.%, nickel oxide: 0.6 wt.% and phosphorus oxide: 0.4

wt.%, and contained 0.025 mol/mol of the hydrogenation-active component.

The chemical compositions and properties of the catalysts prepared by

EXAMPLES and COMPARATIVE EXAMPLES are given in Table 1.

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:




5 APR 2044 25 Preparation catalyst pellets The catal yst pellets were
prepared for evaluation of catalyst activity by the follow ng pr9aBRIWE.
The catal yst conposition was conpacted at 2 tons/cn2 by a tablet maker, 20
-mmin dianeter. The conpact was crushed in an alum na nortar, and screened
by a 500 m sieve. The pellets not passing through the sieve were used for
catal yst activity evaluation. For the caial yst conposition prepared by
COVMPARATI VE EXAMPLES 1 and 2 were directly crushed in an alumna nortar.
“The pellets were screened by a 500 m sieve, and those passing through the
sieve were further screened by a 250 msieve. The pellets not passing

t hrough the sieve were used for catalyst activity evaluation. Evaluation
of hydrodesul furization (HDS) activity with light gas oil (LGO-D) from a
Midle Eagfkrln{§ﬁﬂ£agngﬁgggigggmgggpert|es reactor system and reaction
condi tion re glven 1 n Table The test was conducted by the foll ow ng
procedure: (i) For the case of catalyst ot her than that prepared by
EXAMPLE 1 ( SNCMSAMD2) The cat al 4 acked actor reat ed
with a hydr ogéﬂleg%%ta Y8bREAFtH WFgﬁe R?&e‘lllg@g%‘f 10&1 0 l:yc,sf Pr?"ﬁ‘“w E’?Sthé
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tablet maker, 20 mm in diameter. The compact was crushed in an alumina mortar,

and screened by a 500 um sieve. The pellets not passing through the sieve were

used for catalyst activity evaluation.

For the catalyst composition prepared by COMPARATIVE EXAMPLES 1
and 2 were directly crushed in an alumina mortar. The pellets were screened by a
500 pm sieve, and those passing through the sieve were further screened by a 250
um sieve. The pellets not passing through the sieve were used for catalyst activity

evaluation.

Evaluation of hydrodesulfurization (HDS) activity with light gas oil (LGOQ-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:

(i) For the case of catalyst, other than that prepared by EXAMPLE 1
(SNCMSAMO2)

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 mn, to 340Cin 30 mn, at which it was held for 2 hours, and
then " cooled to 200C in 30 mn. LGO D (approxi mately 25 cc) was passed into
the reactor when the sulfided catalyst was cooled to 170C. On cﬂmon
.of passing LGO- D, reactor pressure was increased, and then tenperat was
al so increased to 320C in 30 mn, for the hydrodesul furization (HDS)
reactions. (ii) For the case of catal ystzqorepar ed by EXAMPLE 1 ( SNCVBAMD2)
The reactor containing 12.7 g of the catal yst precursor and 18 g of
-tridecane was pressurized by a hydrogen gas to 9 kg/cn2-G The catal yst
was heated from roomtenperature at 100 mn to 350C at which it was held
for 40 mn, while a hydrogen gas and tridecane were passed through the
reactor at 100 mM/mn and 0.36 m/mn, respectively. It was then cooled to

340C, andhR[EfSBEniif, 00°€E1 30 miasat whichdasad Hetd ©oridyhou®; thd themas kept
at the above tenperature |level for 2 hours, while a hydrogen gas

cont.ai ni ngobbédoto 2B Cris3Qasised t hrough the reactor at 200 m/nmin. The
reactor was cooled further to 170C, and approximately 25 cc of LGO- D was
passed therethrough. It was then pressurized with hydrogen to a given

reactor pres ) : 3 | I I fided
hydr odesul f ur f@gﬁ (Q%ﬂg@ re%@%%ﬁ@%g?%?g?ﬁmségggéﬁgf %}‘g;m\r/l\/zaﬂsle glélt tarem' ned
by neasur icgﬁlgétl&w c6618H 861 70¢CH n chhptitin ebpaisiiedl GO-Dywesctef prrssi@O- D
was char ged. APR 2001 27 HDS activity was deterni ned boy the follow ng
formul a:  viRSnaecgased and-thebitemperatiaterwgs slsadacreasastio 32056 inUR migafen Hist
V‘éight)x[l/S‘S-l/PEO..S.J .

hydrodesulfurization (HDS) reactions.

(ii) For the case of catalyst prepared by EXAMPLE 1 (SNCMSAMO02)

The reactor containing 12.7 g of the catalyst precursor and 18 g of tridecane
was pressurized by a hydrogen gas to 9 kg/cm?-G. The catalyst was heated from
room temperature at 10°C/min to 350°C at which it was held for 40 min, while a
hydrogen gas and tridecane were passed through the reactor at 100 ml/min and 0.36
ml/min, respectively. It was then cooled to 340°C, and pressure in the reactor was
decreased to 0 kg/cm’-G. It was kept at the above temperature level for 2 hours,

while a hydrogen gas containing 5% of H,S was passed through the reactor at 200
ml/min.

The reactor was cooled further to 170°C, and approximately 25 cc of LGO-D
was passed therethrough. It was then pressurized with hydrogen to a given reactor

pressure, and heated to 320°C in 30 min, for the hydrodesulfurization (HDS)

reactions.

Catalyst HDS activity was determined by measuring sulfur content of the

product obtained 10 hours after LGO-D was charged.




wherein, S and So are sulfur contents of the product and feed.
{3) Eval uati on of hydrosul firization(HDS), hydrodenitrogenation (H

hydr odear omat i zati on (HDA), hydroi soneri zation (H).and hydrocracEil\%uépR 11/
activities wth a nodel feed. The eval uation test

"conditions are given in Table 4, and evaluation results in Tables 5 and 6.
The eval uation test was conducted using a 50 mM flow type autocl ave by the

foll owi ng procedure: (i) For the case of2% he cat al yst other than that
.prepared by EXAMPLE |

HDS activity was determined by the following formula:
HDS activity =
(Liquid Hourly Space Velocity per Unit Catalyst Weight)x[1/8"° - 1/8,"7]

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

(3) Evaluation esulfurization hydrodenitrogenation (HDN
a atizati HDA i rizati an drocracki
tivities wi ed.

The evaluation test conditions are given in Table 4, and evaluation results in

Tables 5 and 6.

The evaluation test was conducted using a 50 ml flow type autoclave by the

following procedure:

(i) For the case of the catalyst other than that prepared by EXAMPLE 1
(SNCMSAMO2)

The catalyst (0.5 g) put in the autoclave reactor was treated with a hydrogen
gas containing 5% of H,S flown at 200 mI/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.

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



( SNCMSAMD2) The catalyst (0.5 g) put in the autoclave reactor was treated
W th a hydrogen gas containing 5%of H2S flown at 200 M/ mn, for

sul fiding under the following tenperature program The catal yst wad APBalid
fromroomtenperature to 200C in 30 mn, at which it was held for 30 mn,
to 340Cin 30 mn, at which it was held for 2 hours, and then cooled to
200C in 30 mn. Atest oil for each test s passed into the reactor when
the sulfided catalyst was cooled to 200C. On conpl etion of passing the
-test oil, reactor pressure was 5 APR 2004 28 increased to 9 kg/cnR-G and
then tenperature was also increased to 310Cin 30 mn, for the
hydrotreating reactions under the conditions given in Table 4. (ii) For the
case of the catalyst prepared by EXAMPLE 1 ( SNCVMSAMD2) The reactor

containin T irieh ' C w89
LNl gac?rgéz%(gﬁ gfkklr?\&a & ah¥ShePiRpEaAre 3 alsPiredseddecrneC i

pressuriz as to 9 kglcnk-G The catal yst was heated from
room t enpepa $oeththyietreiting eeadtions andehihervontliters gietd in Jabkod.mi n, while
hydr ogen gas and tri decane were passed through the reactor at 100 mi/mn
and 0.5 m/mn, respectively. It was then cooled to 330C, and pressure in

the reactor,_was _decreased to [cm 2: G ve

t enper at ur €i) Eeithercgse Qiﬁlﬁﬁa}tag’\ﬁﬁgﬁ'e@aﬁe%% F&m q%ﬁ@%‘ﬁ b of H2S
was passed through the reactor at 100 m/mn. The reactor was cool ed
further to 310C, and pressurized again with hydrogen to 9 kg/cn2-G for

t he hydr ot r eat TRE réRA61 ESHtainine 0177 fof danctitalysnpreginsen and 7Tglof éridecane
Hydr odesul furi zation(HDS), hydrodenitrogengtion(HDN), hydrodear tization
(HDA), hydwas prossurizeat by hydrdgen gasdo yka/eny Lokilhg qatatyst was heated from
room temperature at 20°C/min to 370°C at which it was held for 40 min, while
hydrogen gas and tridecane were passed through the reactor at 100 ml/min and 0.5
mV/min, respectively. It was then cooled to 330°C , and pressure in the reactor was
decreased to 0 kg/cm®-G. It was kept at the above temperature level for 1 hour,
while a hydrogen gas containing 5% of H,S was passed through the reactor at 100

ml/min.

The reactor was cooled further to 310°C, and pressurized again with hydrogen

to 9 kg/cm®-G, for the hydrotreating reactions under the conditions given in Table 4.

Hydrodesulfurization(HDS), hydrodenitrogenation(HDN),
hydrodearomatization (HDA), hydroisomerization (HI), and hydrocracking (HC)
activities were determined by the following formulae:
HDS activity (DBT) =
(Liquid Hourly Space Velocity per Unit Catalyst Weight)x[(Noar,0 ~ Nper)/(Npste)l
wherein, Npgt and Npgr, are dibenzothiophene contents of the product and feed.
HDS activity (4,6DMDBT) =
(Liquid Hourly Space Velocity per Unit Catalyst Weight)x[(Ns,spmpBTO — N4,6ompBT)/ (N4 ,6DMDBT,0
wherein, N4 spmpst 2nd Nagpnvpare are 4.6 dimethyldibenzothiophene contents of

the product and feed.



activities were determ ned by the followi ng fornulae: HDS activity (DBT) _
(Liquid Hourly Space Velocity per Unit Catal yst Wi ght)x[(NDBT, o0 --

NDBT) 1( NDBT, 0) | wherein, NDBT and NDBT, o0 are di benzot hi ophene conj APR §bf
.the product and feed. HDS activity (4,6DVDBT) = (Liquid Hourly Space

Vel ocity per Unit Catal yst Weight)x [ (N4, 6DVDBT, 0 - N4, 6DVDBT)/ ( N4, 6DVDBTO.
wherei n, N4, 6DVDBT and N4, 6DVDBT, o are 426 di net hyl di benzot hi ophene
contents of the product and feed. 5 APR 2004 29 HDN activity (Liquid Hourly
-Space Vel ocity per Unit Catalyst Weight)x(NN)/(NN,o - NN) wherein, NN Ois
qui noline content of the feed and NNis a total content of
propyl cycl ohexene, propyl cycl ohexane and propyl benzene in the product. HDA
activity = (Liquid Hourly Space Velocity per Unit Catalyst

Viei ght ) x( MADIN hidtieity =NA)  wherein, NA Ois 1-nethyl napht hal ene cont ent of

t he feed d NA t ot al t t f th ht h

te'ta raﬁan a(?rmmﬂllligw'ghsgﬁge Hglgglt)?géhygﬂfec%ﬁgffsémnaﬁ)fﬁﬁ)&%0| P\Et"ge product .

HI t ty, = (T 10. 14
The gas chhartbdtvei sunafneAERaL Bt ARt ERANRE idd BabbomtetfolP 13- 15, o
total ar ea;ng;gﬁgr‘cgogﬁ?%@%ﬁerﬁggﬁ%ldﬂe%e:aﬁa’g*@é ylBégnefinRRakpsodiicta retention

time of 4 chromat ogram'obt ai ned under the conditions
given in TgDgadtivityen total area of all peaks) 5 APR 2004

(Liquid Hourly Space Velocity per Unit Catalyst Weight)x(N,)/(Nao —Na)
wherein, Nag is 1-methylnaphthalene content of the feed and N, is a total content

of 2-methylnaphthalene, methyl tetralin, methy! 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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all N 00O kn ocn 0.1 oaMd r-4 M ~iF~FiF 5 APR 2001 31 able 2 Test
0i | LGO-D Specific gravity (15/4C)0.846 Sul fur (w.9%0.92 Nitrogen
(wt.ppm91.0 Aromatics (WM. % 26.8 Reactor: Fixed-bed, flow type r eact AFR 2004
_Reactor inner dianeter: 10 mm 20 Reactor conditions: Reactor tenperature
(C Reactor pressure (kg/cm-G9 Liquid hourly space velocity (h(1)0.5

31
Table 2
Test oil 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
Reactor conditions:

Reactor temperature (°C 320
Reactor pressure (kg/cm®-G) 9

Liquid hourly space velocity (hr™") 0.5
Hydrogen/oil ratio (SCF/B) 800

Table 3
Test Conditions
1 2 3

Test Oil

Composition (wt.%)

n-Cis 99.20 99.13 89.20

DBT 050 0,50 050

4,6-DMDBT 030 030 030

Quinoline - 0.07 -

1-Methy! naphthalene - 10.00
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




Hydrogen/oil ratio (SCFB)800 Table Test Conditions 123 Test Ol

Conposition (w.% 99.2099.1389.20 n-Cl6 DBTO. 500. 500. 50

4, 6- DNDBTO. 300. 300. 30 Qui nol i ne-0.07- 1-Met hyl napht hal ene- 10. 00 ReadtAPR 2004
_tenperature (C)310310310 Liquid hourly space velocity (hr") per unit

catal yst weight1.01.01.0 Hydrogen/oil ratio (SCF/ B)200020002000 5 APR 2004
32 Table 4 Gas chromatograph : G. Scienagg, GC-353 (FID) Colum : J&W
Scientific, DB-1 Inner diameter: 0.25 nm Filmthickness: 1 m Length: 60 m
-Anal ysis conditions : Oven tenperature: 250C Injection tenperature: 250C

Table 4
Gas chromatograph : GL Science, GC-353 (FID)
Column : J&W Scientific, DB-1

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

Analysis conditions : Oven temperature: 250°C

Injection temperature: 250°C
Detector temperature: 250°C
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(*1 00 -+N~.\D NO- IV 100 Z, 5 APR 2004 34 Conparing the catal ysts prepared
by EXAMPLES with those prepared by COWARATI VE EXAMPLES, the one prepared
by EXAMPLE 1, a concrete exanple which uses a precipitant sol utiXhPR 2004
.obtai ned by adding a nol ybdenum conpound to an aqueous sol ution of
hydrogen sul fide and ammoni a, has honogeneity and crystallinity, show ng
much hi gher activities for various hydragenation-related reactions than
any of those prepared by COVPARATI VE EXAMPLES. The nethod of the present
-invention gives a hydrotreating catalyst in high yield, because the

catal yst conponents (a), (b j) and (b2) of different precipitation
characteristics can be sinmultaneously precipitated, the catal yst containing
a conposite netal conpound of honpbgeneity and créstal linity. The catal yst
produced by t h€omgianong thefcataﬂgstplpeqmed biERAMRPLESswith thesgeprepersdi by

e o OMRBARORE b oA s e oo o B 1| R EoREA
dearomati zat i on

nydr ocar baagiitg ineh TEF R phipRrurRhbelor pERY BY Sy PBEbddum
hydr odesul deﬁﬂ;&,ﬁ{d Rﬁar?ﬁ dediSofitor 6ﬁﬁ§(m@eﬁ eulfeddambamendbiib] haompounds
difficult enove. PR 2004 35 CLAI M5 . A nmethod for produm ng a
hydrotr eathmgogmeatyy&td coystattinity,rghoveag much higher activities for various

hydrogenation-related reactions than any of those prepared by COMPARATIVE
EXAMPLES.

The method of the present invention gives a hydrotreating catalyst in high yield,
because the catalyst components (a), {b,} and (b;) of different precipitation
characteristics can be simultaneously precipitated, the catalyst containing a composite
metal compound of homogeneity and crystallinity. The catalyst produced by the method
of the present invention has a large specific surface area and pore volume, in spite of
high content of the active metals, and shows notable desulfurization, denitrogenation,
dearomatization and isomerization activities in hydrotreatment of hydrocarbon oils. It is

particularly suitable for highly hydrodesulfurization of a gas oil fraction containing

sulfur compounds difficult to remove.




(1) dissolving catal yst conmponents (a), (bl) and (b2), wherein said
catal'yst conponents are defined as: (a) (i) an al um num conpound sol ubl e
in a non-aqueous solvent, or (ii) a nmixture of the above al unmi num TARRpHlnd
.and at | east one of the conpounds selected fromsilicon, phosphorus and
boron, soluble in the above solvent, (bl) at |east one of the conpounds
sel ected fromgroup 6A netals, and (b2);qat |east one of the conpounds
selected fromgroup 8 nmetals in a non-aqueous solvent to forma honobgeneous
-solution, (2) preparing a gel slurry fromthe honbgeneous sol ution by
adding a precipitant solution to the honogeneous solution, and (3) drying
and calcining the gel slurry to forma honbgeneous, crystalline conposite
metal compound. 2. A nmethod for producing a hydrotreating catal yst, which
conpri ses [$sol ving at | east one of catal yst conponents (a), (bl) and
(b2), wherein said catalyst conponents are defined as: (a) (i) an alum num
conpound dol ubAen¢thod fappradusieg s hydratesntinggatalyst, WHChcQmMprsedt t he above

Bhosphor us. and1baisAIving s PR RdeniHiFe LRt Vorneeititiihe of
t he corrpouéggfpé)zl?é?%rg%eﬁng@ag{oup 6A netals, and (b2) at |east one of the

conpounds romgroup 8 netals in a non-aqueous solvent to forma
honogeneous sol gay on, ({)2inphepiningompendsblubly id & ewnt dgudonssgbresd, s

solution by adding a precipitant solution further containi né; any remai Pi ng
catal yst conponents ndti) 5 mprupgef the above aluminum compound and at least one o
the compounds selected from silicon, phosphorus and boron,
soluble in the above solvent,
(b,)  atleast one of the compounds selected from group 6A metals, and
(b;)  atleast one of the compounds selected from group 8 metals
in a non-aqueous solvent to form a homogeneous solution,
(2) preparing a gel slurry from the homogeneous solution by adding 2
precipitant solution to the homogeneous solution, and
(3) drying and calcining the gel slurry to form a homogeneous, crystalline

. composite metal compound.

2. A method for producing a hydrotreating catalyst, which comprises
(1) dissolving at least one of catalyst components (a), (b;) and (b;), wherein
said catalyst components are defined as:
(a) (i) an aluminum compound soluble in a non-aqueous solvent, or
(i) a mixture of the above aluminum compound and at least one of
the compounds selected from silicon, phosphorus and boron,
soluble in the above solvent,
(b))  at least one of the compounds selected from group 6A metals, and
(b))  at least one of the compounds selected from group 8 metals
in a non-aqueous solvent to form a homogeneous solution,

(2) preparing a gel slurry from the homogeneous solution by adding a

precipitant solution further containing any remaining catalyst components not




36 i added to the non-aqueous solvent in step (1) to the honbgeneous
solution, and (3) drying and calcining the gel slurry to forma
homogeneous, crystalline conposite netal conpound. 3. The method HdPR 2004
.producing a hydrotreating catalyst of Claim1, wherein said gel slurry is
prepared by incorporating the honbgeneous solution of the catal yst
conponents (a), (b) and (b2) dissolved if a non-aqueous solvent with a
precipitant solution. 4. The nmethod for™ produci ng a hydrotreating catal yst
tof Caim2, wherein said gel slurry is prepared by incorporating the
honobgeneous sol ution of the catal yst conponent (a) dissolved in a

non- agueous solvent wth a precipitant solution containing the catalyst
conponents (bl) and (b2) 5. The nethod for producing a hydrotreating

catal yst gfjqCh 3 MnodAquebns ssivent i@siters{ rtoythé hopiogeaceds vluiioapapdr at i ng
t he honbgeneous sol ution of the catalyst conponents (a) and (b2) dissolved
in a non-aqueo(3y dsgingeard edlciming theegdlsiluryito fermn atiomogensous mrkigfallne

catal yst conmponent (bl). 6. Tge met hod for producing a hydrotreating

catal yst <OMPASitGMEtAFEMPONNCaid gel slurry is prepared by incorporating
t he honbgeneous sol ution of the catalyst conponents (a) and (bl) dissolved
I n a non-aqueous solvent with a precipitant solution containing the

cat al yst conmpopgiindthad for@roﬁh@i_n? hpdeot@ating edtatyn@fClajdrigwieatinngid
catalyst of Caim1l, wherein sai conpounds of al um num silicon,

phosphor ugzetstirboisqrepsreidiiy ncorparatiog taghemogenswissotution of de eatrlyst de,

acetyl acetonate or rhoxyl ate of. each netal. 5 APR 2004 37. .
Y components ES, 8)5%3 (b,) dissolved in a non-aqueous so(ivent with a precipitant

solution.

4. The method for producing a hydrotreating catalyst of Claim 2, wherein said
gel slurry is prepared by incorporating the homogeneous solution of the catalyst
component (&) dissolved in a non-aqueous solvent with a precipitant solution

containing the catalyst components (b} and (b2).

5.  The method for producing a hydrotreating catalyst of Claim 2, wherein said
gel slurry is prepared by incorporating the homogeneous solution of the catalyst
components () and (b;) dissolved in a non-aqueous solvent with a precipitant

solution containing the catalyst component (b;).

6. The method for producing a hydrotreating catalyst of Claim 2, wherein said
gel shurry is prepared by incorporating the homogeneous solution of the catalyst
components (a) and (by) dissolved in a non-aqueous solvent with a precipitant

solution containing the catalyst component (b2).

7. The method for producing a hydrotreating catalyst of Claim 1, wherein said

compounds of aluminum, silicon, phosphorus and boron, soluble in a non-aqueous

solvent are an alkoxide, acetylacetonate or carboxylate of each metal.




8, The method for producing a hydrotreating catalyst of Caim2, wherein
sai d - conpounds of alum num silicon, phosphorus and boron, soluble in a
non-aqueous sol vent are an al koxi de, acetyl acetonate or carboxyl at ¢ APR 20i4
.each netal. 9. The nmethod for producing a hydrotreating catal yst of Claim
1, wherein said catalyst conponent (a) is further incorporated with at

| east one conpound selected fromthe grqQup consisting of magnesi um
calcium zirconium titanium thorium <Cerium hafniumand gallium
-conmpounds sol uble in a non-aqueous solvent. 10. The nethod for producing a
hydrotreating catal yst of Claim2, wherein said catalyst conponent (a) is
further incorporated with at | east one conpound selected fromthe group
consi sting of magnesium calcium zirconium titanium thorium cerium
haf ni um argl gaﬁhéuﬁtm@ﬁﬁbupﬁtﬁdmwIhcydfdtr@tmgrba@agjm{sc&%@%heréﬂn saife

met hod for producing a hydrotreating catal yst of aim1l, wherein said
catal yst ccomppornds ¢balpminuy silicos, phespherud andbpmmgsebiblé iha abntzmebusne
conmpound sel ected fr?p t.ge rq%glg consi sting of copper,,zinc, manganese and
r heni um coiPpYRHALe apalkaxge cetgpats s faEh ey laterifgeshmeetel-ng cat al yst of
Claim2, wherein said catalyst conponent (bl) or (b2) is further

I ncorporated with at | east one conpound selected fromthe group consisting
of copper,9zi ml‘heﬁﬁétﬁaﬂﬁfﬁﬁpﬁmﬂlcidge@h?ﬂ?cﬁf&ﬁﬁﬂ%ﬁﬁﬁalyéﬁqfCri&?r_nnl‘%tvﬂﬁ)&eftpéaid
producing a hydrotreating catalyst of aim1I, wherein said precipitant
sol uti on icatalysteproposergdhiis fumthef innompodated withres ledsy one gempEuinkd stéscted
anmoni um syl fi de, anmoni um.t hi ?c anat e, (&E?I,i c acid,, phosphoric _acjd, urea,

thi our ea, ¥BPMANRIBIPUP EORHENRS LI NRERORUIHFA BN ZIrCORMye BB OhOBMBuCi ng |
a hydrotr ec?eHurﬁg, 1ith R ?ﬁld(gallguﬁ' c'@n‘?pomrs%h{bléﬂ g non-aqueous solvent.

10. The method for producing a hydrotreating catalyst of Claim 2, wherein said
catalyst component (a) is further incorporated with at least one compound selected
from the group consisting of magnesium, calcium, zirconium, titanium, thorium,

cerium, hafnium and gallium compounds soluble in a non-aqueous solvent.

11. The method for producing a hydrotreating catalyst of Claim 1, wherein said
catalyst component (b,) or (b,) is further incorporated with at least one compound
selected from the group consisting of copper, zinc, manganese and rhenium

compounds.

12. The method for producing a hydrotreating catalyst of Claim 2, wherein said
catalyst component (b,;) or (b;) is further incorporated with at least one compound
selected from the group consisting of copper, zinc, manganese and rhenium

compounds.

13. The method for producing a hydrotreating catalyst of Claim 1, wherein said
precipitant solution is an aqueous solution of ammonia, amine, hydrogen sulfide,

ammonium sulfide, ammonium thiocyanate, oxalic acid, phosphoric acid, urea,

thiourea, or a mixture thereof.




preci pitant solution is an aqueous sol ution of amoni a, am ne, hydrogen
sul fi-rde, ammoni um sul fi de, ammoni umthi ocyanate, oxalic acid, phoi@'ﬂﬂ“h
acid, urea, thiourea, or a mxture thereof. 15. The nmethod for pr 6
hydrotreating catalyst of Claim1l, wherein said catalyst conponents (a),
(bl) and (b2) for preparation of the gel slurry have a solubility product
constant of 10-2 or less in a non-aqueod8 solvent. 16. The nethod for
produci ng a hydrotreating catalyst of Claim2, wherein said catalyst
-conponents (a), (bl) and (b2) for preparation of the gel slurry have a
solubility product constant of 10.2 or less in a non-aqueous solvent. 17.
The nmethod for producing a hydrotreating catalyst of Claiml, wherein total
quantity of the netallic elenments for salts or conpounds that constitute
the catal yst conponents (bi) and (b2) is 0.02noles to 0.4 noles per nole
of the tojal Ast | . hydr.ot r eat } cat St. . The
et hod 1 ofpr aganagod b Broditdts p nyfolatnd Sipbereh (P nindfin saida
quantity nf8bRItionCis @heRebs idfldfandhoRTRAHA o ute
t he cat al stcﬁﬂ?orrponents (b%@ia%dS ((_%%)ug?s?t 0. OZ%I és tog’g.lfﬁ%?lggﬂgfedret’ml e
of the taimmeeiiemesulSdetdramonansatthiasyenatepokalir atidephosphotiatarid,sireal9. The
nmet hod for producing .a hydrotreating catalyst of aim1, wherein said
conposi t ehiflrgh, QhBHERUC rﬁoﬁi xture of at |east one of elenent, oxide,
sulfide, nitride and carbide. 5 APR 2004 39 20. The nmethod for producing a
hydrotreating catal yst of Claim2, wherein said conposite netal conpound
s a ?ext 15.e Thedheth6dTbr pPRANRINEH BYBRtreatitigd@talsl & ARim™ Whéigin 8d
catalyst components (a), (b;) and (b;) for preparation of the gel slurry have a

a

solubility product constant of 107 or less in a non-aqueous solvent,

16. The method for producing a hydrotreating catalyst of Claim 2, wherein said
catalyst components (a), (b,) and (b,) for preparation of the gel slurry have a

solubility product constant of 107 or less in a non-aqueous solvent.

17. The method for producing a hydrotreating catalyst of Claim 1, wherein total
quantity of the metallic elements for salts or compounds that constitute the catalyst
components (b;) and (b;) is 0.02moles to 0.4 moles per mole of the total elements

that constitute the hydrotreating catalyst.

18. The method for producing a hydrotreating catalyst of Claim 2, wherein total
quantity of the metallic elements for salts or compounds that constitute the catalyst
components (b} and (b;) is 0.02moles to 0.4 moles per mole of the total elements

that constitute the hydrotreating catalyst.

19. The method for producing a hydrotreating catalyst of Claim 1, wherein said

composite metal compound is a mixture of at least one of element, oxide, sulfide, nitride

and carbide.
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20. The method for producing a hydrotreating catalyst of Claim 2, wherein said

composite metal compound is a mixture of at least one of element, oxide, sulfide, nitride

and carbide.




