
1  HYDROTREATINS CATALYST CONTAINING A GROUP V NA=TAL
5 The present invention pertains to a catalyst
suitable for the hydretreating of  hydrocarbon feeds,
with contains a Group VIS metal component a Group
Vill metal component, and a Group V metal component.
The invention also 10 pertains. to a process for
preparing such catalyst, and to Its use in
hydrotreating. In general, the object of catalytically
hydrotreating hydrocarbon-containing  feeds Is the
removal of impurities. Common impurities are. sulfur
compounds  15 and. nitrogen compounds, The-at lea t
partial ren ovai-of.sueh impurities from a feed will
ensure that, when the final product is burnt fewer
sulfur oxides  and/or nitrogen oxides; harrnful to the
envimrmtent, will be released. in  addition, sulfur
compounds and nitrogen compounds are toxic to many of
the  catalysts employed in the oil Industry for
converting feeds into ready-for-use 2A products,
Examples of such catalysts Include crackng catalysts,
hydrocracidro catalysts; 400-refotmthg oatalyS s,
It"is therefore customary for  feeds to be subjected
to a aatalytichydrotreatment .prior to their being
processed In, say, a cracking unit. Catalytic
hydrotreatment implies  contacting a. feed with
hydrogen at elevated temperature and pressure in the
25 presence of a hydrotreating catalyst, in this
process the sulfur compounds  and nitrogen compounds
present in the feed are converted into readily
removable hydrogen sulfide and amimenfa. Because
the.requiternents with respect to itch legally
permitted sulfur and  30 nitrogen contents In fuels
are becoming ever stricter, there Is a continuous
need for hydrotreating catalysts with unproved
activity. Further, at.a given  final sulfur content a
more active catalyst will. make it possible to operate
under milder process conditions (energy saving) or to
increase the iife$pan  



of a catalyst between regenerations (cycle length): 35
2  US Patent No. 5,275,994 describes a sulphur
containing catalystaoxnposittoi  suitable for
hydretreating of hydrocarbon feeds and which comprises
a Group  Viii Metal component, a Group VIB metal
component and a Group V Meted  component. This
tri-metallic catalyst is necessarily supported on
silica or 5 alumina and is preferably characterized as
comprising less than 28 wt% of  the. metal components
(calculated as oxides). In the preparation of the
catalyst the Group V metal component Is necessarily
added as an alkoxldelin  a water-free environment and
the catalyst as a whole is preferably calcined a
temperature of at least 500G, Normatively, the
activity of these catalysts ln:  10 tests using liquid
straight-run gas oil has been shown to below. US
6,071,402 describes a catalyst for the hydrotreating
of tiydrocarbonfeeds  which contains mixed sulfides of
a Group Vie metal component, a Group V  15 metal
component, and optionally a Group VIil metal
component. This publication describes-
massive-catalysts- compristog-O.GI -1o0%Hpreferably
0.105% to i.OO%a, more preferably 0.1% to 1'00%, of at
least one (nixed sulfide,,  the catalyst possibly
further containing 0 to 99.99%, preerably 0 to 904%
more preferably 0 to 99:9%; of at least one group VIII
metal. the prefened 20. supported catalyst of this
reference generally comprises, in % by weight with
respect to the total catalyst mass, 1% to 99.9%,
preferably 5% to 99.6%.  more preferably 10% to 99%,
of at least one matrix material, 0.1% to 99%,
preferably 0.5% to 95%, more preferably 1% to 90%, of
at least one mixed  Sulfide of at least one group V8
metal and at least one group via metal, the 25
catalyst possibly further containing 0 to 30%,
preferably 0 to 25"l0, more  preferably 0 to 20%, of
at least one group VIII metal. If a Group VIII Metal
component Is present at all in the catalysts of this
reference, It is present in  



limited amounts. More in particular, In Example 7 a
catalyst is prepared which  contains 0.070 mole of
molybdenum, 0.029 mole of niobium, and 0.029 mole 30
of nickel per 100' grams of catalyst. This catalyst
has a Mo:Nb:Ni ratio of  2.41:1. In the other
examples, the amount of Group VIiI metal component in
3  relation to the amount of Group VIB and Group V
metal components is even lower.  Although the
catalysts described`in this reference appear to
perform acceptably in the  hydrotreating of
hydrocarbon feeds, a catalyst with improved activity
in the 5 hydrodesulfurisation, hydrodenitrogenation,
and aromatics hydrogenation of  hydrocarbon feeds
would be desirable. In particular, a catalyst that
combines a high  hydrodesulfurisation activity with a
high activity in aromatics conversion would be
desirable. 10 Any discussion of documents, acts,
materials, devices, articles or the like which has
been included in the present specification: is solely
for the purpose of providing a  context for the
present invention. It is not to be taken as an
admission thatany or all of  these matters form part
of the prior art base or were common general knowledge
in the  field relevant to the present invention asit
existed before the priority date of each claim  15 of
this application. We have now found that if the Group
Vlll metal component makes up a specified  amount of
the tots! metal components presem in the catalyst, a
catalyst is obtained with  an increased activity. 20
The present invention thus pertains to a.
sulfur-containing ostalyst suitable for the
hydrotreating of hydrocarbon feeds which comprises a
Group VIB metal component  selected from molybdenum,
tuatgsten, and mixtures thereof a Group V metal
component selected from vanadium, niobium, tantalum,
and mixtures thereof, and a 25 Group Vlll metal
component selected from nickel, cobalt, iron, and
mixtures thereof,  the metal components (calculated as
oxides) making up at least 50 wt.% of the catalyst,  



wherein the molar ratio between the metal components
satisfies the following formula:  (Group VIB + Group
V):(Grattp VIII) -1735-2: 1, The indications Group V,
Group VlB and Group Vlll used in the present
specification  30 correspond to the Periodic Table of
Elements applied by Chemical Abstract Services  (CAS
system). 3A  Throughout this specification the word
"comprise",.orvariations such as "comprises" or
"comprising", will be understood to imply the
inclusion of a stated element, integer or  step, or
group of elements, integers or steps, but not the
exclusion of any other element,  integer or step, or
group of elements, integers or steps. 5 it is
]preferred that molybdenum and/or tungsten makeup at
least 50 mole% of the total  Gf .teup VIB metals, more
preferably at least 70 mole%o,.still 4  more
preferably at least 90 mole%. It may be especially
preferred for the  Group VIB metal to consist
essentially of molybdenum and/or tungsten. It is
preferred that niobium and/or vanadium make up at
least 60 mole% of  5 the total of Group V metals, more
preferably at least 70 mole%, still more  preferably
at least 90. mole%, It may be especially preferred for
the Group V  metal to consist essentially of niobium
and/or vanadium. It is preferred that nickel and/or
cobalt make up at least 50 mole% of the total  10 of
Group Viii non-noble metals, more preferably at least
70 mole%, still more  preferably at least 90 mole%, It
may be especially preferred for the Group  Viii
non-noble metal to consist essentially of nickel
and/or cobalt. The use of  nickel alone as Group Vlll
metal component is particularly preferred. 15.
preferred catab oomposetions arccrdittg %b tltie
invent(  composition wherein the metals components
consist essentially of  molybdenum, nickel, and
vanadlurn, a catalyst composition wherein the metal  



components consist essentially molybdenum, nickel, and
niobium, a  catalyst composition whe'relif the metals
components consist essentially of 20 tungsten, nickel,
and vanadium, and a catalyst composition wherein the
metal components consist essentially of tungsten,
nickel, and niobium. Figure 1 shows a powder X-ray
diffraction (hereinafter XRD) pattern for a  catalyst
prepared in accordance with the invention. 25 In the
context of the present speolflaation the wording
oonsistss essentially of  and "consisting essentially
of mean that the compositfon in question contains  the
cited components, but may contain contaminant metals
the presence of  which cannot reasonably be avoided.
30 5  The molar ratio between the metal components in
the catalyst according to  the Invention satisfies the
formula (Group VIB + Group V):(Qroup Vill) = 0.35-
2:1. Preferably the ratio between the total molar
amount of Group VIE and  Group V metal and the molar
amount of Group VIII metal is at least 0.5A, 5 more
preferably at least 0.6:1 and still more preferably at
least 0.7 r:1. The  ratio between the total molar
amount of Group VIB and Group V metal and  the molar
amount of Group VIII metal is preferably at most
1.5:1. If the total  molar amount of Group VIB and
Group V metal is too high.in relation to the  molar
amount of Group Vill. metal, the activity of the
catalyst will be 10Insufficient, If the total molar
amount of Group VIS and Group V metal is too.  low In
relation to the molar amount of Group VIII metal, or,
in other wor4s, the  amount of Group Vill metal
component Is too high, the performance of the
catalyst will also be inadequate. Operation within the
most preferred ranges  gives catalysts with a higher
activity than catalysts with a composition within  15
the less preferred ranges. 



The molar ratio of Group VIB metals to Group V
norFnoble metals: in the  catalyst of the invention
generally ranges from 10:1,1:10 and preferably from
20 The catalyst composition comprises at least 50 wt'%
of the total of Group  Vie, Group V, and, Group '011
metal components; calculated as oxides based  on the
total weight of the catalyst composition, preferably,
at least TO wt l/d,  more preferably at least 80 wt.%,
still more preferably at least 90 wt:%, 25 calculated
as oxides. In the above the Group NAB metals, are
oalotifated as  trioxides, the Group Vill metals are
calculated as mono-oxides, and the  Group V metals are
calculated as pentoxides for example Mb2Os and V2Oa).
The amount of Group VIB metals, Group V metals,
and'Group'VIII nonn=noble  metals can be determined
via AAS or ICP on the catalyst after calcination in
30 airat500C. 6  in addition to the metal components
discussed above, the catalyst  composition according
to the Invention may also comprise conventional
catalyst components like binders or carrier materials,
cracking components, 5 conventional hydroprocessing
catalysts,. etc. Examples of suitable binders and
carrier materials are' silica, silica-alumina,
alumina, titanic, titania-alumina, z$rconla, bona,,
cationic clays or anionic clays  such as saponite,
berSnite, kaolin, sepioifte or hydrotaleite, and
mixtures 10 thereof. Preferred components are silica,
silloa elumina, alumina, titania,  titania-alumina,
zirconla, bErntonite,. bode, and mixtures thereof,
with silica,  silica-alunllna, and alumina being
especially preferred. Examples of suitable cracking,
components are crystalline cracking  15
components.such.as zeolEtes,.et, M-5, (ulVa7sfabte);
zeolite Y, zeolite X,  ALPOs, SAPOs, MCM-41, amorphous
cracking components such as silica- alumina, and
mixtures theredt It will be clearthat some materials,
e:g., silica- 



alumina, may tot as binder and cracking component'at
file same time. 20 If so desired, the catalyst
composition may comprise any further materials  such
as phosphorus-containing compounds, boron-containing
compounds,  silicon-containing compounds,
fluorine-containing compounds, 'additional  transition
metals, rare earth metals, or mixtures thereof. 25 The
catalyst composition may have many different shapes,
Suitable shapes  include powders, spheres, cylinders,
rings, and symmetric or asymmetric  polylobes, for
instance We and quadruiobes. Particles resulting from
extrusion, beading or pelleting usually have a
diameter in the range of 0.2 to  10 mm, and their
length likewise Is in the range of 0.5 to 20 mm. These
30 particles are generally preferred. Powders,
including Use resulting from, 7  e.g., spray-drying
generally have a median particle diameter In the range
of I  Pm-100 pm, but deviations from this general
range are possible. The catalyst according to the
Invention Is a sulfur-containing catalyst The  5
sulfur may be present in the catalyst in whole or In
part In the form of metal  sulfides. It may also be
present in whole or In part In the form of a sulfur
compound not bound. to the metal components. in this
case, the sulfur will be  converted into metal
sulfides during use of the catalyst In hydrotreating
or  during a preceding reduction/activation step in
the presence of hydrogen. 10 The sulfur content of the
catalyst Is generally at least 8wt:% more preferably
at least 15 wt.%, still more preferably at least 20
wt%. The sulfur content of  the catalyst Is generally
at most 70 wt%, preferably at most 60 wt.%,  depending
on the composition. 15 .-The total amount of, sulfur
present in the catalyst apcording_to the rnve iron is
generally selected to correspond to 70-200%, more
preferably 80-1SOIo, of  the stolchlometlic, sulfur
quantity necessary to convert the hydrogenation
metals Into, Mo%2, W82, CrS, Coma, Ni332 FeS, NbS2,
VS, and TaS2  



respectively, 20 As will be evident to the skilled
person, when the catalyst according to the  invention
Is used In the hydroprocassing of hydrocarbon feeds,.
the. metal  components will be present in the sulfided
form. A preferred embodiment of  the present Invention
Is therefore a catalyst wherein at least part of the
metal 25 components are present in the sulflded form.
In this case, it Is preferred for  the catalyst to be
essentially free from Group VI It. non-noble metal
disulfides.  The Group Vlll non-noble metals are
preferably present as (Group Vfll non- noble metai)aSb
with alb being In the range of 0.5-1.5, as can be
determined  by, e.g., XRD. Molybdenum and tungsten are
preferably at least partly 30 present in the sufflded
catalyst as disulfides, as can be determined by,.
e.g.,  XRD. Chromium, if present, Is preferably at
least partly present as sulfide 8  (CrS or Cr2S3), as
can be determined by, e.g,, XRD. The Group V metal
component is preferably at least partly present as
NbS2, V2Ss, and TaS2,  respectively. 5 As indicated
above, the sulfur In the sulfur contalning catalyst
according to  the invention may also be present in
-whoie or in part in the form of a sulfur  compound
not bound to the metal components. It may, e.g., be
present in the  form of elemental sulfur, In the form
of organic sulfur compounds, or in the  form of
Inotgithiic sulfur compounds that are not sulfides of
the metals. of 10 Group Vl, Group V, and Group Vill
metal components. In this case, the  sulfur-containing
catalyst may be subjected to an activation step to
convert  the metal components at. least partly Into
their sulfides. The activation step  generally
comprises contacting the catalyst with. hydrogen at a
temperature  of 100.60000 for an adequate period of
time. Such an activation step can be 15 _ carried out
ex situ, that ls, outside, the, hydroptocessing,unit
in which the  



catalyst will be used, or in situ, that is, in the
hydroprocessing unit In which  the catalyst will be
used. Various groups of sulfur compounds which may be
present in the suffur- 20 containing catalyst wherein
the sulfur is not yet bound to the metal compound  in
the form of a.metal sulfide according to the Invention
will be exemplified  below. Preferred sulfur compounds
include organic compounds having at least one  25
mercapto- roup. Within the group of mercaptaoompounds,
mercaptocarboxylio acids represented by the general
formula HS-R1-COOR,  wherein R1 stands for a divalent
hydrocarbon group with 1-10 carbon atoms  and R stands
for a hydrogen atom, an alkali metal, an alkaline
earth metal,  ammonium, or a linear or branched
alkyigroup having I to 10 carbon atoms, 30 Examples
Include mercaptoacefc acid (HS-01S..COOH), beta-
mercaptopric donlc acid
(HS-CH2CH2-COOf1),..methylmerceptoacetate (HS s
CH2-COOCHS), ethyl 2-mercaptoacetate (HS-CH2-CO0C2H5)1
ethylhexyl  mercaptoacetate (HS-CH2-COOC8H17), and
methyl 3-mercapttpropfionate  ((HS-CH2CH2-COOCH3). 5
Further compounds preferred within the group of
mercapto-compounds  Include aminosubsfituted
meroaptanes represented by the general formula
H2N-R2-SH, wherein R2 stands for a divalent
hydrocarbon group having 1- 15 carbon atoms. Examples
of these compounds include 2-amr}ine ethanethloi
(H21S-CH2CH2-SH); and 4-amino thiophenol
(H2N-C6H4-SH). to Additional. compounds within the
group of mercapto-compounds are the di- mercaptanes
represented by the general formula HS-R3-SH, wherein
R3  stands for a divalent hydrocarbon group having
1-15 carbon atoms.  Examples of these compounds
include ethanedithlol (HS-CH2CH2-SH) end  



:15..1,4-butanedithiol (HS-(CH2)4-5.H). Preferred
compounds also include thioacids of the formula R4
OOSH,  wherein R4 stands for a monovalent hydrocarbon
group having 1-15 carbon  atoms, Examples of these
compounds include thioacetic acid (0H3-COSH) 20 and
thlobenaolo acid (CSHSCOSH). Dithioaclds. of the
formula HSOC4- COSH, wherein R5 is. a divalent
hydrocarbon group with 1.15 ow bon atoms  may also be
suitable, An example is dlthloadipic acid (HSOC-C4H1O
OG SH),  Preferred compounds also include
mercaptoalcohols of the general formula 25
R5S-R5-(OH)f wherein R5 represents an alkyl group
having from I to. 15  carbon atoms or a phenyl group,
R6 represents a hydrogen atom or an alkyl  group
having 1 or 2 carbon atoms, and n is 1 or 2. Examples
of these  compounds include 2-mercaptoethanol,
2-(methylthio)ethanol, 2- (ethylthio)ethanol,
3-meroapto-2-butanol, 4-mercaptophenol, 2 30
(methylthio)phenoi, 4-(methylthio)phenol,
2-(ethylthio)phenol, 3-m capto 10  1,2,-propanedlol,
3-methylthto`1,2, propanediol, and 3-ethylthlo-1,2,
propanedlol. Other suitable compounds include
sulfoxides of the formula R7-SO-R8,  5 wherein R7 and
R8 are hydrocarbon groups with 1-5 carbon atoms. An
example is dimethyl sulfoxlde (CH3-SO-CH3). Ammonium
thiocyanate andthiourea1nnay also be useful.
compounds, as may  be. the various dithlocarbamlo
acids -and the salts thereof, such as ethylene  10
bisdithlocarbamio sold and its salts, and dimethyl
dithiocarbamic acid and its salts, other suitable
compounds include mereaptodlathiazoles and their
salts.  such as 2;5.dimercapto-1;3,Q, dia#hiaaales and
its salts. Other compounds that may be useful are
polysuifides of the formula R9-Sx- 15 '. R10, wherein;
x is a value of 1.1S: and R9 and Ala are alkyl groups,
preferably branched alkyl groups, with 1-30 carbon
atoms. Related  



compounds are those with the formula
HO-R1'I-Sx-R112.OH, wherein,x is a  value of 1-15 and
R11 and R12 are alkyl groups with 1-8 carbon atoms. 20
Additional sulfur compounds Include elemental sulfur
and inorganic sulfur  compounds like (NHalzsx. The
present invention also pertains to a process for
preparing the. catalyst  composition of the present
Invention, which comprises combining,  25
sequentially, or simultaneously, a. component of a
Group VIB metal selected from molybdenum, tungsten,
and mixtures thereof, a component of a Group  V metal
selected from vanadium, niobium, tantalum, and
mixtures thereof, a.  component of a Group Vill metal
selected from nickel, cobalt, iron, and  mixtures
thereof, anda sulfur compound. 30 11  It is possible
to combine all these components in a single step. It
is also  possible to combine the sulfur compound with
one or more of the metal  compounds and then combine
the resulting product with the other metal  compounds.
However, sulfide-containing materials must be handled
In an 5 inert atmosphere to prevent oxidation.
Therefore in a preferred embodiment  Oft the process
of present invention in a first step a component of a
Group VIB  metal, a component of a Group V metal, and
a component of a Group Wit  meta] are combined to form
an oxygen-stable product followed by combining  the
oxygenstable product with a sulfur compound. 10 There
are various ways in which a component of a Group via
metal, a  component of a Group V metal, and a
component of a Group VAll metal. may  be. combined. 15
- in :a first process, the metal components are
combined and reacted. In the  presence of a erotic
liquid, after which the resulting composition is
isolated  



and dried. Any protic liquid that does not interfere
with the reaction may be  used. Suitable iiquids
include water, carboxylic acids, lower icohols such as
ethanol and propanol and mixtures thereof. The use of
water is preferred.  The at least three metal
components used in the process according to the
Invention, namely at least one Group Al metal
component, at least one  Group VIB metal component and
at least one Group V metal component may  he In the
solute state or at least partly in the solid state
during the process of 25 the invention, Thus, the
reaction may involve three solute components, two
solute components and one at least partly solid
component, one solute  component and two at least
partly solid components, and three at least partly
solid components. The reaction may Involve
precipitation and, depending on  the state of the
various components, also dissolution and
re-preSpitation. 30 12  Generally, there are two
possible ways of contacting. the metal components
with one another, namely by combining and reaothig the
metal components  in solution to form a precipitate
(hereinafter designated as the "solution  route"), or
by combining and.reactlng the metal components in the
presence 5 of a protic liquid with at least one of the
metal components remaining at least  partly In the
solid state (hereinafter designated as the "solid
route'). In the solution route, the metal components
are completely dissolved when  they are combined
and/or reacted to form a precipitate. It Is possible,
e.g., to  10 combine the metal components when they
are already in the dissolved state and then have them
reect.to forma precipitate. However, it is also
possible to  combine one or more of the metal
components that are partly or entirely in  the solid
state with further metal components while ensuring
that the metal  components which are.. partly or
entirely in the said state will dissolve when 15
present in the reaction mixture. In other words, at
least once during the  



solution route process, all metal components must be
present wholly as a  solution. precipitation can be
effected by, e.g., (a) changing the pH during or after
combination of the metal component  20 solutions to
such a value tat precipitation Is induced:; (b) adding
a. complexing agent during or after combination of the
metal  component solutions, which complexing agent
forms a complex with one  or more of the metals to
prevent precipitation of the metals, and  thereafter
changing the. reaction conditions, such as temperature
or pH, 25 such that the complexing agent releases the
metals for precipitation; (c) adjusting the
temperature during or after combination of the metal
component solutions to such a value that precipitation
is Induced; . (d) lowering the amount of solvent
during or after combination of the metal  component
solutions such that precipitation Is induced; 13  (e)
adding anon-solvent during or after. combination of
the metal component solutions to induce precipitation
thereof, with a non"sclvent, meaning that
the-precipitate is essentially Insoluble in this
solvent; (f) adding an excess of either of the
components to such an extent that  5 precipitation Is
Induced. Adjusting the pH in, e.g., option (a) or (b)
can be done by adding a base or  an acid to the
reaction mixture. However, it is also possible to' add
compounds which upon the temperature increasing wifi
decompose Into 10 hydroxide ions orW ions, which
increase and decrease the:pK, respectively.  Examples
of compounds which will decompose upon. the
temperature  increasing and thereby increase or
decrease the- pH are, urea, :nitrites,  ammonium
cyanate, ammonium hydroxide, and ammonium carbonate,
15 The solid route comprises combining and reacting
the metal components,  



with at least one of the metal components remaining at
least partly in the  solid. state. More in particular,
it comprises adding the metal components, to  one
another and simultaneously andlor thereafter reactln
them.  Consequently, in the solid route at least one
metal component is added at 20 least party in the
solid state and this metal component remains Otleast
partly  in the soli state during the entire reaction,
The term "at least partly :in the  solid, state" in
this context means that at least part of the metal
component I3  present as a solid metal component and,
optionally, another part of the metal  component is
present as a solution in the protie liquid. A typical
example 0 25 this is a suspension of a metal component
in a protic liquid; where the metal  Is at least
partly present as a solid, and optionally partly
dissolved In the  protlcliquid, It Is possible to
first prepare a suspension of a metal component in
the'protlc  30 liquid and to add, simultaneously or
successively, solution(s) and/or further
suspension(s) comprising metal component(s) dissolved
afd/or suspended In 14  the protic liquid. It is also
possible to first combine solutions either
simultaneously or successively and to subsequently add
further  suspension(s) and optionally solution(s)
either simultaneously or  successively. 5 As long as
at least one metal component is at least partly In the
solid state  during the solid route, the number of
metal components which are at least  partly in the
solid state Is not critical. Thus It is possible for
all metal  components to be combined In the wild route
to be applied at least partly in 10 the solid state.
Alternatively, a metal component which Is at feast
partly in  solid state can be combined with 'a metal
component which is in the solute  state. E.g., one of
the metal components is added at least partly in the
solid.  



state and, e.g., at least two and preferably two metal
components are added  in the solute state. In another
embodiment; e.g., two metal components are 15 added at
least partly In the solid state and at least one and
preferably one  metal component is added in the solute
state. That a metal component Is added In the salute
state" means that the whole  amount of this metal
component is added as a .solution in the protic
liquid.. 20 As will be dear from the abeve, it is
possible to add the Group V111 metal  component, the
Group V metal component, and the Group VIB metal
component in various ways: .at various temperatures
and pHs, In solution, in  suspension, wetted or as
such, simultaneously or sequentially. It should be 25
noted that it is preferred not to employ
sulfide-containing metal components  during the
combining of the metal components, as these components
and the  resulting products are not, stable in. the
presence Of oxygen,. which Implies  that all process
steps subsequent to the addition of this ,metal
component,  even those at a lower temperature, will
,have to be carried out under an inert  30 atmosphere
if resuitng of the material is to be avoided. 15
Suitable water-soluble Group Vill metal components to
be used in the  process of the Invention include
salts, such as nitrates, hydrated nitrates,
chlorides, hydrated chlorides, sulfates, hydrated
sulfates, formates, acetates,  or hypophosphite.
Suitable water-soluble nickel and cobalt components 5
include nitrates, sulfates, acetates, chlorides,
formates or mixtures thereof as  well as nickel
hypophosphite. Suitable water-soluble Iron components
include  iron acetate, chloride, formate, nitrate,
sulfate or mixtures thereof. Suitable water-soluble
Group VIE metal components include Group VIB  1"0
metal salts such as ammonium or alkali metal
monomolybdates and  tungstates as well as
watervscluble isopoiy-compounds of molybdenum and  



tungsten, such as metatungstic acid, or water-soluble
heteropoiycomp ounds  of molybdenum or tungsten
comprising further, e,g., P, SI, Ni, or Co or
combinations thereof. Suitable water-soluble Isopoly-
and heteropoly 15, compounds are given in Molybdenum
Chemicals, Chemical data series,  bulletin Cdb-14,
February 1959 and In Molybdenum Chemicals, Chemical
data series, Bulletin Cdb-12a-revised, November 1969.
Suitable- water- soldbfe chromium compounds include
chromates, isopotychromates and  ammonium chromium
sulfate. 20 Suitable water-soluble Group V metal
components to be used in the process  of the invention
Include water-soluble salts and adds such as vanadium
suifate,'vanadlum heteropolyacids, nioblc add, NbO013,
and tantalic acid. 25 lfthe:proticliquid is water,
suitable Group Vlll metal componentswhich:are as
least partly in the solid state during the process of
the invention comprise  Group Viii metal components
with a low solubility in water such as citrates,
oxalates, carbonates, hydroxy-carbonates, hydroxides,
phosphates,  phbsphldes; aluminates, molybdates,
tungstates, oxides, or mixtures thereof. 30 Oxatates,
citrates, carbonates, hydroxy-carbonates, hydroxides,
phosphates,  moiybdetes, tungstates, oxides, or
mixtures thereof are preferred, with 16
hydroxy-carbonates and carbonates being most
preferred. Generally, the  molar ratio between the:
hydroxy groups and the carbonate groups in the
hydroxy-carbonatelies in the range of 04, preferably
0-2, more preferably 0- 1 and most ;preferably
0.1-0.8. 5 if the protic liquid Is water, suitable
Group VIS metal components which are  at least partly
in the solid state during contacting comprise Group
VIB metal  components with a low solubility in water,
such as di- and trioxides, carbides,  



nitrides, aluminium salts, acids; or mixtures thereof.
Preferred Group VIB 10 metal components which are at
least partly In the solid state during  contacting are
di- and trioxides, acids, and mixtures thereof,
Suitable  molybdenum components Include molybdenum di-
and trioxide, molybdenum  carbide, molybdenum nitride,
aluminium molybdate, molybdic acids (e.g.  H3MoO4),
ammonium phosphomolybdate, or mixtures thereof, with
molybdic 15 add and molybdenum di- and trioxide being
preferred. Suitable tungsten  components include
tungsten d- and trioxide, tungsten carbide, ortho-
tungstic acid (HffWQeH2Q), tungsten nitride,.
aluminium tungsttate (also mete- or polytungstate),
ammonium phoaphotungstate, or mixtures thereof, with
ortho-tungstio acid and tungsten di- and trioxide
being preferred. 20 If the profic liquid Is water,.
suitable Group V metal components which are at  least
partly in the solid state during the process of the
invention comprise  Group V metal components with a
low solubility in water such as oxides,  sIcides,
phosphides, and borides, 25 It is well within the
scope of the sldfed person to select suitable soluble
or  insoluble compounds, as the case may require. In
the context of the present specification, the material
which will be at least  30 partly in the solid state
during the entire process. has a solubility of less
than  0.05 moll 100 ml solvent (1810). 17  if so
desired, a material selected from the group of binder
materials,  conventional hydroprocessing catalysts,
cracking components, or mixtures  thereof can be added
prior to, during the combining and reacting of the
metal 5 components and/or subsequent thereto. These
materials will be designated  as 'carder materials"
below. 



The carrier material can be added prior to the
contacting of the metal  components by, e.g.,
combining it with one or more but not all of the:
metal  10 components or vice versa, and by
subsequently combining the mixturee with the not yet
added metal components either simultaneously or
successively.  The carrier material can be added
during the contacting of the metal  components by,
e.g., simultaneously combining the carder material and
the  metal components or first combining the metal
components either 15 simultaneously or successively
and then adding the carrier material during  the
reaction of the combined metal components. The oatrier
material .can: be  added subseouenttcthe contacting of
the metal components hy, a.g.;adding  it directly to
the reaction mixture obtained after the reaction of
the metal  components or by adding it after any of the
further process steps which will 20 be discussed In
detail below. Preferably, the carrier material is
added  subsequent to the contacting of the metal
components. Optionally, the  catalyst composition
resulting after combining and reacting the metal
components can be subjected to a colic liquid
separation before being,  composted with the carrier
materials, e.g., filtration. After soiidlquld 25
separation, a washing step may be carried out.
Further, It is possible to  thermally treat the
catalyst composition prior to its being composited
with the  carder materials. The carder materials can
be added In any suitable form  e .g,, In the dry
state, either thermally treated or not, in the wetted
and/or  suspended:stata, as a filter cake, and/or as a
solution. 10 i8  Optionally, the process of the
present invention may comprise the further  process
steps of spray-drying, (flash) drying, milling,
kneading, slurry-mixing,  dry or wet mixing, shaping,
and/or calcining. Dry mixing means mixing the
catalyst composition in the dry state with any of the
above materials in the 



5 dry state. Wet mixing, e.g., comprises mixing the
wet filter cake comprising  the catalyst composition
and optionally any of the above materials as.  powders
or wet filter cake to form a homogenous paste thereof.
Shaping  comprises, e:g., extruslon, pelletizing,
beadingand/prspray-drying. 10 It is generaliypreferred
for the process according to the invention to comprise
a shaping step. The shaping step Is preferably canted
out after the combining  and reacting of the metal
components, If a caplet material Is to be added In
the process according to the invention, it is
preferably added before the  shaping step Is carded
out, 15 If so desired, the product resulting from the
combining of the Group VIII metal  component, the
Group VIS metal component, and the Group V metal
component may be submitted.to a.calcinafion step. This
calcination step, if  applied, will generally be
carried out ata temperature of 1100-600C, more in 20
particular 790-4001C, sUfi more-in particular 2W0
00G,. The calcination time  generally varies from o,5
to: A8 hours, The calcination may be carried out in
an inert gas such as nitrogen, or In an
oxygen-containing gas; such as air or  pure oxygen,
optionally in the presence of steam. Preferably, the
calcination  Is carried out in an oxygen-containing
atmosphere. 25 As indicated above, It Is preferred
that sulfur is incorporated into the catalyst
composition after combining the various metal
components to form a product  There are various ways
to do this. it is, e.g., possible, to contact the
catalyst  with one or more of the sulfur compounds
described above; e.g., by 30 contacting the product
with asulfur-ccittaining:iiquid. Such liquid may be
the  liquid form of a sulfur component. it may also be
a solution of a sulfur is  compound. For elemental
sulfur it is possible to incorporate the sulfur into
the  



catalyst via melting or sublimation. It is also
possible to sulfide the product. in  the gaseous phase
by contacting it with a sulfur-containing gas like
Het.  Finally, it is also possible to sulfide the
catalyst by contacting it with a suffur 5 containing
hydrocarbon feed, e.g., a hydrocarbon feed that has
been spiked  with a sulfur-containing compound such as
dimethyldisulfide (DMDS).  Depending on the method
used, the contacting the catalyst with a sulfur-
containing compound can be carried out in situ and/or
ex situ. Contacting the  product with a gaseous sulfur
component such as H28 can be done ex situ or 10 In
situ, Contacting the product with a sulfur-containing
hydrocarbon feed is  preferably done in situ.
Contacting the catalyst with elemental sulfur orwith a
liquid or dissolved sulfur compound as described
above. will generally be  done. ex siu. In this case
it may be desired however, to subject the sulfur-
containing material to an activation step with
hydrogen as described above.  15 The.activallon with
hydrogen can be done ex situ or in situ. In the
context of the present specification the indication in
Al refers to e  process carried out in the unit in
which the catalyst will be eventually used In  the
hydropracessing of hydrocarbon feeds. Conversely, ex
situ refers to a  to process carried out not inside
such unit. Two preferred. embodiments of the
preparation process according to the  invention will
be elucidated below. 25 A. first embodiment is a
process comprising the successive steps of  combining
the metal components In. a protic liquid, optionally
mixing the  resulting product with a carrier material,
shaping the resulting composition,  e.g., by
spray-drying or extrusion, optionally calcining the
resulting  composition, and combining the resulting
product with a sulfur-containing 30 compound. A more
preferred version of this embodiment comprises the
steps.  of combining and reacting the metal components
in a protic liquid, isolating 20  



the reaction product, optionally mining the resulting
catalyst oomposiition with  a carrier material,
shaping. the resulting composition, e.g, by
spray-drying or  extrusion, calcining the resulting.
composition, and. sulfiding the resulting  material. 5
Use according lo the invention The catalyst
composition according to The Invention can be used In
virtually  all hydroprocessing processes to treat a
plurality of feeds under vide-ranging  10 reaction
conditions, e.g,, at temperatures In the range of 2004
to 4500C, hydrogen pressures In the range of 5to 300
bar, and space velocities (LHSV)  In the range of 0.05
to 10 lit The term "hydroprocessing" in this context
encompasses all processes In which a hydrocarbon feed
is reacted with  hydrogen at elevated temperature and
elevated pressure, including 15 hydrogenation,
hydrodesulfurizaticn,, hydrodenitrogenatlon,
hydrodemetafization, hydrodearomatizaUen,
hydrolsomerization,  hydrodewaxing, hydrecracking, and
hydrocraoking under mild pressure  conditions, which
is commonly referred to as child hydrocracking. The
catalyst  composition of the invention is particularly
suitable for hydrotreating 20 hydrocarbon feedstocks.
Such hydrotreating processes comprise, e.g.,
hydrodesutfurization, hydredenitrogehation, and
hydrodearomatizatlon of  hydrocarbon feedstocks.
Suitable feedstocks are, e.g., middle distillates,
kero, naphtha, vacuum gas offs, and heavy gas olls.
Conventional process  conditions can be applied, such
as temperatures in the range of 250-450C, 25 pressures
in. the range of 5-250 bat; Space velocities in the
range of 0,1-10 h"  and H2/off ratios In the range of
50-21100 NI/l. The present Invention will be
elucidated by the following examples, without  being
limited thereto or thereby; 30 



21  Example 1: preparation of a catalyst containing
molybdenum vanadium and  n ke A catalyst composition
was prepared as fcllowa: 78 grams of nickel hydroxy  5
carbonate, 31 grams of MOOS and 21 grams of vanadium
pentoxlde were  combined in an aqueous medium. The
slurry was aged overnight at 90C  under stirring. The
resulting suspension was filtered and the wet.fdter
coke  mixed. During the mixing, the temperature was
Increased somewhat to  reduce the water content of the
mixture to obtain an exhudable mix. The 10 mixture was
then extruded, and the extrudates were dried at 120110
and  calcined at 3000C. The resulting material
contained 27.3 wtA of  molybdenum, calculated as
trioxide, 20.4 A% of vanadium, Caioa(ated, as
vanadium pentoxide, and 52.2 MA of nickel, calculated
as oxide. The  Mo:V:Ni molar ratio in the end product
was 0.27'0.33:1. 1$ Example 2: preparation of a
catalyst containing tungsten vanadium and  A catalyst
composition was prepared from 65 grams of nickel
bydrexy  2,0 carbonate, 18 grams of vanadium
peritoxide, and 45 grams of tungstioaold In a manner
analogous to: that described In Example 1 above.
The:zesuitirig  material contained 29 wt.%a of
tungsten, calculated as trioxide, 18.4 wt.%of
vanadium, calculated as vanadium pentoxide, and 60.9
wt.% of nickel,  calculated as oxide. The W:V:Ni molar
ratio in the end product is 0.18;0:30:1.  25 Example
3. preparation of a catalyst containing molybdenum.
nlobium..arid  nickel A catalyst composition was
prepared from 72 grams of nickel hydroxy- 30
carbonate, 32 grams of Nb20e3H2O, and 29 grams of
molybdenum. trioxide  in amanner analogous to that
described in Example 1 above. The resulting 



22  material contained 29.8 wt.% of molybdenum,
calculated as trloxide, 26.0  wt.% of niobium,
calculated as niobium pentoxlde, and 45 wt.% of
nickel,  calculated as oxide. The Mo:Nt:tll molar
ratio In the end product was  0:34:0;33:1. 5 Example
4: preparation of a natal st containing tungsten,
niobium, and nickel  A catalyst composition was
prepared from 61 grams of nickel hydroxy- carbonate,
27 grams of Nb2O&31,1%Q, and 42 grams of tungsfic.
acid In a 10 manner analogous to that described in
Parade 1 above. The resulting  material contained AS
wt "% of tungsten, calculated as trioxide, 22.6 wt.%
of  niobium, calculated as niobium pentoxide, and 36:7
wt.%u of nickel, calculated  as oxide. The W.Nb:N1
molar ratio in the end product was 0.32:0:33:1. 15
Example 5: testinn The catalysts were tested in an
upflow tubular reactor. Each reactor tube  contained
10 ml of oataiyst mixed with an equal amount of SIC
particles and  sandwiched between layers
ofSiC-particles. 20 Before being tested the catalysts
were presulfided via liquid phase  presulfiding using
the feed described below which had been spiked with
dimethy) disuifrde to a total sulfur content of Si
wt.%. The presulfided  catalysts were then tested in
the hydrotreating of a diesel feedstock having  25 the
properties shown in Table 1: 23  Table  $ (wt%) 1.2 N
(ppmwt) 84  Total aromatics (wt%) 27.8  



Polynuciear aromatlc (P+tA) {wt'/D). 11.7
Mono-aromatics (wt%o) 18:5  01-aromafics (wt.%) 1O.8
Tri+.aromatics(wt %) O:E#'  Simulated distillation
ASTM-D 86 Initial boiling paint 18400  5 vol.% 2180
10 viol .% 2316C  30 Vot?/o 2&5'0  50 Vol .% 287C  70
vol.-/- 31 WC  90 vol.% 3450  Final boiling point 374C
24  The catalysts were tested under the two conditions
shown in Table 2: Table  Presulflding .CondWon I
Condition 2  Temperature (C) 320 330 340  Pressure
(bar) 40 40 20 H2 to oil ratio (NIA) 300 300 300  VFH
V fit) 1.76 1.17 0:83  LHSV (1Fli) 3.00 2.00 1.50  The
test results are given in Table 3 below: Table 3 NiMaV
NWV NIMoMb NIViINb  Example t xarnple Example Example
1 2 3 4  Con ` "or 



Product S in 27 31 MAO.  Product 1:7 1.2 Total
aromatics ('#1%) 20.D 13.7  Polynuolear aromatic 0.9
1.0  boa Mono-aromatics wt.Di=aromatics % 0.9 1.0
wti% 0 0  o dit 3 424 2 72  Products q~pm) 56 Product
N .. m 17.1 16.5 2.0 43  Total aromatics wt% 26.8 26A
25.4 24,9  Polynuclear aromatic. 4.2 4.3 .2.1 4.0  wth
Mono-aromatics wt.% 22.4 22.1 213 20.9  di-arom tqs
M010) 4.0 4.1 2,0 3:6  Trir-aromatiss.wt.% 0.2 02 0.1
0:4 25  The above results show that the catalysts of
this invention am highly anve in  sulfur and nitrogen
removal. Additionally, the decrease in polynuclear
aromatics and diaromatics Is particularly striking. 5
Examples 6 to 10: Preparation of catalysts containing
tungsten Igji m and  Catalyst compositions were
prepared from nickel hydro)y-carbonato, Noble  add,
and tungstio acid in a manner analogous to that
described In Example I 10 above. Nickel
hydroxy-carbonate,. niobic acid, and tungetic add Were
combined in an aqueous medium. The slurry was aged
overnight at 9000  under stirring. The resulting
suspension was filtered and the wet'filter cake  was
mixed. During the mixing, the temperature was
Increased somewhat to  



reduce the water content of the mixture to obtain an
extrudable* mix. The 15 mixture . was then extruded,
and the extrudates were dried at 120C and  calcined at
30000. The composition of the resulting materials and
the molar rations of NGNbWW  are shown in Table 4
below. Also included in this table are certain
physical  20 properties of the catalysts, namely their
surface area (SA), pore volume (pit) and median pore
diameter (MPD) and wherein BET represents Brunauer,.
Emmett and Teller, and Ads and Des are adsorption and
desorption  respectively, 26  Table  FINALCATALYST
6XAr4PL66 TX LB7 EXAt9i+l;7n8 Le 10 COt1RARATI 8
GO1APARAT Ir  Qr. %a 26.7 2 46,2 5:3 532  Ni?) iMt. a
653 37.9 28.3 18:0 13.5 b2. 'o16. z7 .3 30.5 32,8
Molar Ratio 1:0.15.: X0.15 1 :0.340:84 1:0,52 :0,51 a
0.95:6.9 t: 1.3e: 127  Ni:Nb: 111  2 _ SET I Y, 221
148 t42 1 9 -F'V Ads oft 94 0,-. 0.21. 0.18 0.13.
N2-PVD"MV 0: 5. 024 0.8 0.44.  5.7  N2-AMPD nm) 8.8:.:
8 as N2-DMPp M[ 6.1 5A_ i 4.4  5 Obviously,. a high
active surface area will improve the activity of a
catalyst but  equally high pore volume and pore
diameter are prerequisites for high  activity. 



10 Example TI:Testing The catalysts were tested in an
upow tubular reactor. Each reactor tube  contained 10
ml of catalyst mixed with an equal amount of SIC
particles and  15 sandwiched between layers of SIC
particles: Before being tested the catalysts were
presulfided via liquid phase  presulfiding using the
feed described below which had been spiked with
dimethyl disulfide to a total sulfur content of 3.7
wL%. The presulfided 20 catalysts were then tested in
the hydrotreating of a diesel feedstock having  the
properties shown in Table 5: 27  Table 5 GAS at
FEEDSTOCK  sulphur content %wt 1.23 Nitro q en content
(ppmwt) 85  tvtano aromatics %wt 16:6  Di-aromatics (
%awt 11..1  (c)I+-aromatics %wt 0.7  Total Rromatics
%wt 28.4  Simulated Dlstillatton ASTM-D 86 initial
Bonin Point 180  5% Volume 'C 220  IQ% Volume (,g),
233  20% Volume 0 250  30% Volume ` 262  40%a Volume
'C 273  50% Volume 'C 284  E 0% Volume G 295  



10% Volume C L7  80% Volume 'G 321  90%. volume 'C 341
95% Volume `C 345  final Boilin Point  354  5 The.
catalysts were tested under the two conditions shown
in Table 6 that  notably are different to those
previously employed (and shown in Table 2). A  person
of ordinary skill In the art would recognize that
Table 6 depicts more  difficult hydrotreating
conditions and would therefore expect lower  10
conversions than previously shown in Table 3. Table 6
Presulfiding condition 1 Gandilion2  Temperature 'C)
315 315 340 P ure bar 45 45 20  H2 tooii ratio Kull
200 200 200  L14&V 1!h 3.0 1.5 1.5  15 28  The test
results are given in Table 7below wherein RWA is
relative weight  activity, HDN Is hydrodenitrogenatlon
and HD$ Is hydrodesulfurisation. Table  5 EXAMPL86
EXMPL I~XAMPt_ EXAMPL EXAMPLE 10  (COMPARATVE E7 Ea.
E-S (COMPARATIVE  Condition 1  ProductS 1364 655 1220
1086 2672  



Conversto 88.9 94J 90.0 81.1 78.2  nA IRWA HD$ 168 265
181 195 100  Product N 2.1 0.6 1.6 6.4 19.0  (PPM1
Canversio 97.4 99.4 98:0 92.2 76:9  WAA HON 249 .348
26 174 000  on ..on L. 2 ProductS 703 324 343 120 870
(VOM1 Coiverelo 94,3 97:4 972 990 92.9  n'Y' R.A HDS
114 174 69 288 100  Product N in 3,3 17 18 12 33
Converslo n 59.8 78.7 77.6 85.6 60.3   RWA HO 99 168
162 210 100. The results show that the catalysts
having conlposffons inside the claimed  range are
better than those just outside this range. 29  Example
12 The X-ray diffraction pattern shown in Figure 1 was
derived by scanning a  5 catalyst prepared In
accordance with Example 8. The XRD scans were
recorded using a standard powder diffractometer with
NI -Ka filter and Cu-KO  radiation. The generator
settings were 40 IN, 40 mA and utilized the  



following slits: divergence and anti-scatter silt V20,
detector slit 0.6mm. A  measuring range of 20 = 2.0 -
70.00, at a step size of 0.050and at a  10 measuring
rate or 2.0 seconds per step was employed. As can be
seen from Figure 1, five reflections are featured
which equate  approximately to d = 2.6 A. 2.3 A, 2.2
A, 1.7 A and 1.45 A. Of these, the  reflections at 2.6
and 1.7 A are the most intense. Compared to XRD
patterns 15 obtained for other examples prepared
according to the invention (not shown),  the exact
location of the reflections is somewhat dependent on
the chemical  composition; however, the patterns are
characterized by the fact that they  can be Indexed as
the (100), (002), (101), (102) and (110) reflections,
of a  hexagonal unit cell with axis lengths of
approximately 2.9 - 30 A and 44.6.4.7  20 A. This is
representative of a meta-stable phase with atomic
dispersion, which is  easy to sulfide and, therefore,
catalytically active. The absence of other  peaks in
the XRD spectrum shows that the raw materials used in
the 25 preparation have indeed reacted with each other
inside the claimed range. 30  THE CLAIMS DEFINING THE
INVENTION ARE AS FOLLOWS 1 . A sulfur-containing
catalyst composition suitable for the hydrotreating of
hydrocarbon feeds which comprises a Group VIB metal
component selected from  molybdenum, tungsten, and
mixtures thereof, a Group V metal component selected 5
from vanadium, niobium, tantalum, and mixtures
thereof, and a Group Vill metal  component selected
from nickel, cobalt, iron, and mixtures thereof, the
metal  components (calculated as oxides) making up at
least 50 wt.% of the catalyst, wherein  the molar
ratio between the metal components satisfies the
following formula: (Group VIB + Group V):(Group Vill)
= 0,35-2;1. 10 2. A catalyst composition according to
claim I wherein the ratio between the total  molar
amount of Group VIB and Group V metal and the molar
amount of Group VIII  



metal is at least 0.6:1, 3. A catalyst composition
according. to claim I wherein the ratio between the
total  molar amount of Group VIB and Group V metal and
the molar `amount of Group VIII is  15 at least
0.75:1, 4. A catalyst composition according to claim I
wherein the ratio between the total  molar amount of
Group Via and Group V metal and the molar amount of
Group VIII is  at most 1.5:1, 5. A catalyst
composition according to any one of the preceding
claims wherein  20 metal components make up at least
70 wt.%ofthe catalyst composition, calculated as
oxides, 6. A catalyst composition according to any one
of claims I to 4 wherein metal  components make up at
least 90 wt% of the catalyst composition, calculated
as oxides.  7. A catalyst composition according to any
one of, the preceding claims wherein 25 vanadium
and/or niobium make up at least 50 mole% of the total
of Group V metal  components. 8. A catalyst
composition according to any one ofclaims I to 6
wherein vanadium  and/or niobium makeup at least 70
moleo/o.of the total of Group V metal components.  9.
A catalyst composition according to any one of claims
I to 6 wherein vanadium 30 and/or niobium makeup at
least 90 mole%of the total of Group V metal
components, 31  10. A catalyst composition according
to any one of claims Ito 6 wherein vanadium  and/or
niobium make up substantially all of the Group V metal
components. 1 I . A catalyst composition according to
any one of the preceding claims wherein  cobalt and.
nickel make up at least 50 mole% of the total of Group
VIII metal  5 components.. 12. A. catalyst composition
according to any one of claims I to 10 wherein cobalt
and nickel make up at least 70 mole% of the total of
Group Vill metal components. 13. A.catalyst
composition according to any one of claims 1 to 10
wherein cobalt  



and nickel make up at least 90 mole% of the total
Group Vlll metal components, 10 14. A catalyst
composition according to any one of claims I to 10
wherein cobalt  and nickel make up substantially all
of the Group VIII metal components. 15. A catalyst
composition according to claim I1, characterised in
that nickel  makes tap substantially all of the Group
V ill metal components. 16. A process for preparing.a
catalyst composition as defined in any one of claims 1
15 to 15, which comprises combining, sequentially, or
simultaneously, a Group VIB metal  component selected
from molybdenum, tungsten, and mixtures thereof, a
Group V  metal component selected from vanadium,
niobium, tantalum, and mixtures thereof, a  Group Vill
metal component selected from nickel, cobalt, iron, or
mixtures thereof,  and a sulfur compound. 20 17. The
process according to claim 16 wherein in a first step
a Group VIB metal  component, a Group V metal
component and a Group Vill metal component are
combined to form an oxygen-stable product followed by
combining the resulting  product with a sulfur
compound. IL The process according to claim 17 wherein
the step of combining the resulting  25 product with a
sulfur compound includes a sulfidation step wherein at
least part of the  metal components are converted into
their respective sulfides, 19. Use of the catalyst.
composition as defined in any one of claims I to 15 in
hydroprocessing a hydrocarbon feedstock. 20. A
catalyst composition substantially as hereinbefore
described with reference to  30 Figure 1 or any one of
examples I to 4, 7 to 9 or 12. 32  21. A process for
preparing a catalyst composition substantially as
hereinbefore  described with reference to any one of
examples 1 to 4, 7 or 9, 22. Use of a catalyst
composition substantially as hereinbefore described
with  reference to example S or 11. 5 




