BULK CATALYST COMPRISING NICKEL .
TUNGSTEN METAL OXIDIC PARTICILES

PRIORITY CL.AIM
This application claims the benefit of 1UJ.S. Provisional

Application No. 60/730,655, filed Oct. 26, 2005.
The invention relates to a nickel tungsten bulk catalyst, to

a process for the manufacture of said catalyst and to the use of

said catalyst for the hydrotreatment, in particular the
hydrodesulphurisation and hydrodenitrogenation of hydro-
carbon feedstock.

The bulk catalyst according to the invention usually is in
the form of shaped particles, for examplc produced by extru-
sion of a composition comprising the metal oxidic particles
and 0-40 wt 26 (relative to the total weight of the bulk catalyst)
of an additional material, in particular a binder material. A
bulk catalyst is distinguished [rom a supported catalyst in that
it does not comprise a preforimed carrier material. The metal
oxides are not deposited on the preformed carrier material,
but are present as metal oxidic particles. The bulk catalyst is
further distinguished from supported catalysts in that the bulk
catalyst comprises at least 60 wt 20 of metal oxidic particles
(wt 26 calculated on the basis of metal oxides relative to the
total weight of the bulk catalyst) whereas supported catalysts
have metal oxides deposited on a support material in amounts
significantly less than 60 wt 2. The nickel tungsten bulk
catalyst is most pretfterably bimetallic, that is substantially
having only tungsten as the Group VIB metal and preferably
also having only nickel as the Group V111 metal. Details of the
composition of the bulk catalyst are described below.

Supported bimetallic nickel tungsten catalysts and their
use in hydrotreatiment of hydrocarbon leedstock are long
known in the art. GB 820536 describes a process for the
manulacture of mechanically strong supported catalyst par-
ticles comprising combinations of cobalt, nickel, molybde-
num, vanadium or tungsten in which a spray-dried alumina
hydrate microspherical carrier material is used 1n an amount
between 60 and 99 wt 26 relative to the total weight of the
catalyst. For example, in Fxample 1, a nickel tungsten sup-
ported catalyst is described obtained by extruding a wet cake
comprising 83 wt 26 support material and 17 wt 26 of metals
compounds followed by calcination at 566° C.

Bimetallic nickel tungsten bulk catalysts are also described
in comparative examples in the prior art relating to trimetallic
catalysts. They are consistently described as being inferior to
the trimetallic bulk catalysits comprising two instead of only
one group VIB metals and consequently have not been
applicd in hydroprocessing.

WO 00/41810 describes trimetallic bulk catalysts compris-
ing bulk catalyst particles comprising at least one group V111
metal and at least two group VIEB metals, in particular nickel/
molybdenum/tungsten based catalysts. The trimetallic bulk
catalyst particles are prepared in a process in which the metal
compounds are combined in the presence of a protic ligquid
and wherein at least one of the metal compounds remains at
least partly in the solid state during the entire process. The
comparative examples A and I3 respectively describe a nickel-
molybdenum and nickel-tungsten bulk catalyst prepared by
reacting one solid compound comprising the group VI1II metal
and one solute compound comprising the group VII3 metal.
The trimetallic bulk catalysts have a significantly higher cata-
lytic activity than the bimetallic bulk catalyst described in the
comparative examples.

WO 99/03578 describes a trimetallic hydrotreating bulk
catalyst inn which at lcast a portion but less than all of the
molybdcenum in the nickel molybdenum catalyst is replaced



by tungsten. The catalyst is prepared by decomposing (boil-
ing decomposition) a nickel (ammonium) molybdotungstate
precursor from a solution or direct precipitation of the dis-
solved metal salts from the solution. The obtained trimetallic
bulk catalysts have a significantly higher catalytic activity
than the bimetallic bulk catalyst described in the comparative
examples (NF_,, NiMo—O and NH_ NiW-—O) that were also
prepared by the boiling decomposition of a solution of the
amumonium metal complex.

WO 2004/073859 describes a bulk metal oxide catalyst
comprising one or more metals of group V1II and one or more
metals of group VIb in their oxide or sulphide form and a
refractory oxide. The bulk catalysts, mostly nickel molybde-
num bimetallic bulk catalysts, are prepared by controlled
precipitation of metal compounds, refractory oxide material
and alkali compound (preferably ammonia containing com-
pounds) in a protic liguid, forming an ammonium complex of
the metal and refractory oxide materials which is subse-
quently heated. It is claimed that the process results in bulk
catalysts which are substantially amorphous, characterized in
that there is no reflection in the X-ray diffraction pattern
having a characteristic full width at half maximum of 2.5° or
less.

WO 2005/005582 describes a process 1o prepare lubricat-
ing base oil using a hydroprocessing bulk catalyst comprising,
one or more metals of group VIII and one or more metals of
group VIB in their oxide or sulphide form and a refractory
oxide. The bulk catalysts described in the examples are bime-
tallic, in particular nickel-molybdenum and nickel-tungsten,
and are prepared by reacting one solid compound comprising
the group VIII metal and one solute compound comprising
the group VIB metal in the presence of the refractory metal
aller addition of ammoniuvm solution. It is described that the
structure of the obtained oxidic particles was amorphous by
XRID analysis. The nickel tungsten catalyst was outper-
formed by the nickel molybdenum catalyst in sulphur
recimoval from the lubricating oil.

EP2005/004265 (not prepublished) describes trimetallic
bulk hydroprocessing catalysts comprising a group VIIT
metal, in particular molybdenum, tungsten or maxtures
thereot, a group VIb metal, in particular nickel, cobalt, iron or
mixtures thereol and a group V metal, in particular Niobiumn,
in a prescribed metal molar ratio. The molar ratio of group
VIEB metals to group V metals ranges between 0.1 and 1,
preferably between 0.3 and 3.

WO 00/4181 1 describes a trimetallic bulk hydroprocessing
catalysts and a process for the manufacture therecof compris-
ing the steps of combining and reacting at least one group VIII
metal compound in solution with at least two group VIEB metal
compounds in solution in a reaction mixture 1o obtain a pre-
cipitate. 1The obtained trimetallic bulk catalysts have a signifi-
cantly higher catalytic activity than a bimetallic bulk catalyst
described in the comparative example 2 (cobalt/molybde-
num). which is prepared by adding a solution comprising the
group V11l metal cobalt to a solution comprising the group
VIR metal molybdenum forming a suspension of precipitated
bulk catralyst particles.

The prior art references consistently describe that bimetal-
lic bulk catalysts have a low activity in hydrodesulphurisation
compared to trimetallic bulk catalysts. However, trimetallic
catalysts have the disadvantage over bimetallic catalysts that,
because of the presence of two different group VIEB metal
compounds, the production process is more complicated. A
further distinct disadvantage of the trimetallic catalysts is that
it is diflicult to reclaim the metals [rom the spent (or used)
catalysts, because it is difficult to separate two different group
VI3 metals with a high yield. The main objective of the



invention is to provide a catalyst that has a high hydrodesul-
phurisation and hydrodenitrogenation activity, is able to
reach very low levels ol residual sulphur in treated leedstock
and is relatively simple to produce and to recycle to the
constituent metals. '

According to the invention there is provided a bulk catalyst
comprising nickel tungsten metal oxidic particles obtainable
by a process comprising

(i) forming a slurry of a first solid metal compound com-
prising Group VIII metal nickel and a second solid metal
compound comprising Group VIB metal tungsten in a
protic liquid, the slurry further comprising less than 10
mole 26 of a second Group VI metal (relative to the
total amount ot Group VIB metals) and less than- 10
mole 26 of a Group V metal (relative to the total of the
Group VIB metals).

(ii) reacting the first and sccond solid mctal compounds at
elevaled temperature whereby the first and second solid
metal compounds remain at least partly in the solid state
during the entire reaction to form the nickel tungsten
oxidic bulk catalyst,

Tt was surprisingly found that the catalyst according to the
invention has a very high activity in hydrodesulphurisation of
diesel, which is close to or even better than comparable tri-
metallic catalysts. Apart from that, the activity i hydrodeni-
trogenation is also very high.

The nickel tungsten bulk catalyst is substantially bimetal-
lic, that is substantially having only tungsten as the Group
VIB metal. The bulk catalyst may optionally comprise a
second Group VI metal, for examplec Cobalt, but it is most
preferred that the bulk catalyst essentially compriscs only
nickel as group V111 mectal and tungsten as group V1B mectal.
A bimetallic bulk catalyst can be distinguished [rom a trime-
tallic catalyst in that it comprises less than 10 mole 26 of a
second group VIB metal (relative to the total amount ot Group
VIB metals) but preferably comprises substantially only one
Group VIB metal. The term “‘substantially only one group
VIB or group VIII metal” implies that the catalyst most pref-
erably has no other, but may have an insubstantial amount of
another Group VIB or group VI1II metal, preferably less than
5, more preferably less than 3 and most preferably less than 1
mole 26 (relative to the total of the group VIEB or group VII1
metals). The catalyst may contain other metals. The bulk
catalyst may optionally turther comprise less than 10 mole %%
of a Group V metal (relative to the total of the Group VIB
metals). In a special embodiment, the bulk catalyst according
to the invention comprises a Group V metal, preferably Nio-
bium, in an amount between 0.1 and 10 mole 26 (relative to the
total of the Group VIB metals), more preferably between 0.1
and 9 mole 26, more preferably between 0.1 and 8 even more
preferably between 0.1 and 7 and most preferably between
0.1 and 5 mole 26. The group V metal was found to increase
the activity even when present in relatively low amounts.

In the bulk catalyst according to the invention, the Group
VIII to Group VIDB metal molar ratio (hereatfter referred to as
the metal molar ratio), in particular nickel to tungsten molar
ratio, can in principle vary between wide ranges, for example
between 0.1 and 5. Generally good results can be obtained
with a metal molar ratio between 0.2 and 4. In this range two
different sub-ranges were distinguished. In the mctal molar
ratio range between 0.2 and 1 it appeared dilTicult if not
impossible to obtain a good catalyst when the first and second
metal compounds are reacted under atmospheric pressure
conditions (good and better in this context mean: a bulk
catalysts with high or higher hydrodesulphurisation or
hydrodenitrogenation activity than the prior art). In this metal
molar ratio the XRT1D pattern showed a large number of peaks,



possibly due o some raw maeterials still present but mainly Lo
crystal structures ol unidentiflied inactive compounds.

It was surprisingly found that, when the metal molar ratio
is between 0.2 and 1, a good bulk catalyst (good and better in
this context mainly meaning: a bulk catalysts with high or
higher hydrodesulphurisation activity than the prior art)
could be obtained when the reaction between the first and
second metal compounds takes place under hydrothermal
conditions. L'he term ““hydrothermial conditions’ is meant to
imply reaction conditions wherein the reaction temperature 1s
above the boiling temperature of the protic liguid. With boil-
ing temperature is meant the boiling temperature at atmo-
spheric pressure. It was surprisingly found that the catalyst
according to the invention has a much higher activity, in
particular in hydrodesulphurisation, compared to the same
catalyst prepared in atmospheric non-hydrothermal condi-
tions and even at a lower metal molar ratio. Typically such
conditions give rise to a pressure above atmospheric pressure
and then the reaction is preferably performed in an autoclave,
preferably under auvtogenic pressure, that is without applying
additional pressure. An autoclave is a device capable of with-
standing pressure designed to heat liquids above their boiling
temperature.

In the preferred embodiment where the protic liquid is
waler, hydrothermal conditions imply a pressure higher than
1 bar and a temperature higher than 100° C. For many reasons
water is the best choice for the protic liguid. However, other
protic liquids are not excluded amd therefore the ““hydrother-
mal reaction conditions’ in this context is intended to also
cover reaction conditions using a protic liquid other than
water at temperaturces above the boiling tcmperature of the
protic liquid at pressure above atmospheric pressure. Better
results were obtained at higher metal molar ratios. ’referably,
in these hydrothermal conditions the metal molar ratio is
more than 0.3, preferably more than 0.4, more preferably
more than 0.5, even more pretferably more than 0.6 and most
preferably more than 0.7.

When the metal molar ratio 1s above 1, it is not necessary
(but still possible) 1o use hydrothermal conditions, so it is
possible to make the catalysts both at hydrothermal and ambi-
ent pressure conditions, the obtained catalyst is quite similar,
although it was found that the activity of a bulk catalyst
having a metal molar ratio of 1 or more, preferably between 1
and 3 is also somewhat higher when the reaction between the
first and second metal compounds takes place under hydro-
thermal conditions at a pressure higher than 1 bar. Therefore,
in one embodiment of the invention, the bulk catalyst accord-
ing to the invention is produced. in a process wherein the
reaction in the first and second metal compounds takes place
in hydrothermal conditions, in particular in a process wherein
the protic hiquid/solvent is water and the recaction is done
under hydrothermal conditions al a reaction temperalure
above 100 C. and a pressure higher than 1 bar. '1'he recaction
is prcterably done in an autoclave under autogenic clevated
pressure and temperatures between 110° CLand 170° C., more
preferably between 1209 C. and 160° C., cven more prefer-
ably between 140 and 160° C. Hydrothermal conditions are
advantageous applied with a metal molar ratio between 0.2
and 1.5, preferably between 0.2 and 1.3, more preferably
between 0.2 and 1.2 and most preferably between 0.2 and 1.

IFrom a process economy point of view 1t is more attractive
1o use atmosplheric reaction conditions. Therefore, the pre-
ferred bulk catalyst according to the invention has a metal
molar ratio between 1 and 4, more preferably between 1 and
2 and most preferably between 1 and 1.5, and is obtainable by
a process wherein the reaction is done at substantially atmo-
spheric pressure. Typically, the protic liguid is water and the



reaction temperature under atmospheric conditions is below
120° C ., usually below 100° C. T'he reaction is carried out at
elevated temperature, preferably above 50° ., more prefer-
ably above 60° C., more preferably above 70° C. and most
prelerably above 80° C. It was Turther found that under atmo-
spheric reaction conditions a higher activity can be obtained
by choosing a mectal molar ratio higher than 1, preferably
more than 1.1, more preferably more than 1.2, even more
preferably more than 1.3 and most preferably more than 1.4.
‘Too high metal molar ratios are however not prelerred
because that may result in incomplete reaction of the nickel
compound. In view of preventing that problem the metal
molar ratio is preferably below 2, more preferably below 1.5.

The reaction time, both under hydrothermal and atmo-
splhecric reaction conditions, is chosen sufficiently long to
substantially complete the reaction. The reaction is complete
when the x-ray diffractogram of the separated metal oxidic
particles doces not show retflections of the unreacted starting
compounds. In any case, the reaction time is chosen such that
the final bulk catalyst after drying, shaping and calcining does
not show reflections of the unreacted starting compounds.
Typically, the reaction is carried out for a time of at least 2
hours, preferably at least 4 hours, more preferably at least 6
hours and most preferably at least 8 hours. An advantage of
hydrothermal conditions is that the reaction time is shorter, so
reaction time below 8 h or even below 6 hours usually is
sufficient.

It was observed that the bulk catalyst according to the
invention has a metastable hexagonal structure having an
X-ray diffraction pattern with a single reflection between 58
and 650 (diffraction angle 268) and main reflections between
32 and 36 and between 50 and 55°. The X-ray powder dif-
fractogram shows a close packed hexagonal (cph) oxygen
lattice with almost random distribution of nickel and tungsten
over the octahedral cavities of the oxygen lattice wherein the
a and b axes have a length conforming to the distance between
two neighbouring oxygen atoms in the same layer in the cph
structure and wherein the ¢ axis has a length twice the dis-
tance between two successive layers in the cph structurce. The
relevant lattice parameters of the cph or hexagonal nickel
tungstate phase are a=b=2.92 c=4.64 angstrom (4/-0.02).

The presence of the melastable hexagonal phase appeared
to be indicative of a high catalytic activity of the oxidic bulk
catalyst, although there is no strict quantitative relation found.
The physical reasons for the correlation are not fully under-
stood or known and the inventors do not wish to be bound and
limited by theory. Therefore, the bulk catalyst according to
the invention is claimed without reference to the described
X-ray diflraction features relating to the presence of a meta-
stable hexagonal phase. 1t is preferred that reflections of other
crystalline compounds are substantially absent in the X-ray
diftraction pattern. It is considered that amorphous phasc may
also be present.

The metastable hexagonal phase has not yetbeen identified
in bulk Nickel tungsten catalyst. 'T'he x-ray diffraction pattern
of the bulk catalyst according invention is similar to the x-ray
diffraction pattern of the prior art trimetallic Ni/Mo/W bulk
catalyst described in WO 00/41810, with the diflference that
the prior art diffraction pattern shows two peaks (doublet Q)
between 58 and 65° and, the mcetastable hexagonal phasc
structure of the nickel tungsten catalyst according to the
invention shows a single reflection at about 63-65°. As
opposed to prior art WO 2004/073859, which describes sub-
stantially amorphous NiMo bimetallic catalysts, it was
observed that in the catalyst according to the invention, high
activity is associated with the presence of the metastable
hexagonal phase and as opposed to this prior art good activity



was found with bulk catalysts that do have an X-ray diftrac-
tion pattern having well developed main reflections having a
ftull widthh at halt maximum [FWHM]} ot less than 2.5°. This
implies that the 3-ID cph lattice of the metastable hexagonal
rhase is well defined. Although the metastable hexagonal
phase 1s also crystalline, it appears to also contain disorder in
an almost random distribution of nickel and tungsten over the
octahedral cavities of the oxygen lattice. When in this context
reference is made to ““transition to a crystalline structure’, a
crystal structure other than the metastable hexagonal phase is
meant.

1t was found that the metal oxidic particles in the bulk
catalyst according to the invention are particularly sensitive to
heat treatment. It is important that the bulk catalyst is heat
treated at a temperature below a temperature where transition
to a crystalline structure occurs. At high T, the hexagonal
phase and/or amorphous phase is transformed into “‘regularc™
orthorhombic nickel tungstate oxide NiwWO4, which can be
identified by comparison with the standard powder diflrac-
tion database: JCPDS-ICDD PDF card 15-0755 or 72-1189
or 72-0480. This applies to any and all heat treaument steps in
the production process of the bulk catalyst. T'his applies in
particular also to heat treatment of shapoed bulk catalyst par-
ticles after compositing and shaping. Prcfiferably, the bulk
catalyst is heat treated below 450° C., more preterably below
400° C., even more preferably below 375° C. and most pref-
erably below 350° C.

It is considered essential to the bulk catalyst according to
the invention that the first and the second solid metal com-
pounds both remain at least partly in the solid state during the
entire reaction to form the nickel tungsten oxidic bullk cata-
lyst. The term “‘at least partly in the solid state” means that at
least part of the metal compound is present as a solid metal
compound and, optionally, another part of the metal com-
pound is present as a solution of this metal compound in the
protic liguid. This process is referred to as the solid-solid
process and is described in WO 00/41810 as one of several
possible preparation routes to prepare trimetallic bulk cata-
lyst. The bimetallic catalysts described i comparative
example B in WO 00/41810 was prepared in a process in
which only the nickel compounds remained at least partly in
the solid state during the entire reaction. It was found that this
prior art solid-solute route resulted in signilicantly lower
activities as exemplificd in the examples.

Aflter the reaction step, the metal oxidic particles prefer-
ably have amedian particle sizcin the rangc ofat lcast 0.5 pun,
more preferably at least 1 pum, most preferably at least 2 pum,
but preferably not more than 5000 pum, more preterably not
morce than 1000 pm, cven morce preferably not more than
500 um, and most preferably not more than 150 pum. Even
more preterably, the median particle diameter lies in the range
o1 1-150 un and most preferably in the range of 2-150 pum.
Preferably, the median particle size of the metal oxidic par-
ticles remains substantially unchanged in the bulk catalyst
after compositing and shaping (Particle Size Distribution was
measured by Near IF'orward Scattering).

The bulk catalyst comprises at least 60 wit 26 of metal
oxidic particles (wt 26 calculated on the basis of metal oxides
relative to the total weight of the bulk catalyst) as distin-
guished from supported catalysts that have metal oxides
deposited on a support material in amounts significantly less
than GO wt 26. In view of obtaining high catalytic activity it is
preferred that the bulk catalyst according to the invention
comprises at least 70 wt 26, more preferably at least 75 wt 26,
even more preferably at least 80 wt 2% and most preferably at
least 85 wt 26 metal oxidic particles. The remaining O to 40
wit 26 can be one or more materials selected from the group of



binder materials, conventional hydroprocessing catalysts,
acidic promolers and cracking components. Typically, after
compositing of the metal oxidic particles with a binder, the
composition is shaped, preferably extruded, to form shaped
bulk catalyst particles. In shaped bulk catalyst it is preferred
to composite the metal oxidic particles with binder material to
improve the side crushing strength of the shaped particles.
The invention also relates to shaped bulk catalyst particles
comprising the metal oxidic particles. Alternatively, the metal
oxidic bulk catalyst particles can be used directly, that is

" without substantial compositing and shaping, in a hydrotreat-
ment process. FFor this use, the particles are preferably treated
to obtain a narrower particle size distribution, for example by
sieving or agglomerating. The invention also relates to the use
ol metal the catalyst according to the invention in a slurry
hydrotreatment process, prelerably using metal oxidic bulk
catalyst particles without substantial compositing and shap-
ing.

Preferably, the bulk catalyst according to the invention,
preferably after compositing and shaping, has a B. E. T.
surface area of at least 10 m*/g, more preferably at least 50
m?2/g, and most prelerably of at lecast 80 m?/g, as measured via
the B.E. 1. mcthod. The median pore diameter (50% of the
pore volume is below said diameter, the other 509 above it)
of the metal oxidic particles preferably is 3-25 nin, more
preferably 5-15 nm (determined by N2 desorption). The total
pore volume of the metal oxidic particles preferably is at least
0.05 ml/g and more preferably at least 0.1 ml/g, as determined
by N2 adsorption.

It is desirced that the pore size distribution of the bulk
catalyst according to the invention, preterably atter compos-
iting and shaping, is approximately the same as that of con-
ventional hydroprocessing catalysts. More in particular, the
metal oxidic particles preferably have a median pore diameter
of 3-25 nm, as determined by nitrogen desorption, a pore
volume of 0.05-5 ml/g. more preterably of 0.1-4 ml/g, still
more preferably ot 0.1-3 ml/g, and most prefterably ot 0.1-2
ml/g, as determined by nitrogen adsorption.

Grenerally, the bulk catalyst according to the invention after
compositing and shaping has a mechanical strength,
expressed as side crush strength (SCS), of at least 1 1bs/mm
and preferably of at least 3 lbs/muamn (imeasured on extrudates
with a diameter of 1-2 mm). The SCS of the bulk catalyst can
be adequately increased by compositing the metal oxidic
particles with a sufficient amount of binder.

To obtain catalyst compositions with high mechanical
strengtl, it may be desirable for the catalyst composition of
the invention to have a low muacroporosity. Preferably, less
than 30%6 of the pore volume of the catalyst composition is in
pores with a diameter higher than 100 nm (determined by
mercury intrusion. contact angle: 140°), more preferably less
than 20%. .

The invention also relates to a sulphided bulk catalyst
comprising a bulk catalyst according to the invention which
has been sulphided. The invention also relates to the use ol the
bulk catalyst or sulphided bulk catalyst described above for
hydroprocessing ol a hydrocarbon teedstock comprising sul-
phur and nitrogen containing organic compounds and to a
method for ultra deep hydrodesulphurisation of sulphur and
nitrogen containing, hydrocarbon feed comprising contacting,
the feed with an (un)sulphided bulk catalyst according to the
invention.

In view of the relatively low activities (as measurced in the
DI3T test) of the nickel tungsten catalyst of comparative
example B in WO 00/41810, it was surprising to find that the
nickel tungsten bulk catalyst according to the present inven-
tion has a very high activity and allows it to reach very low



sulphur levels in the hydroprocessing of a real nitrogen and
sulphur containing feed. Tt appears that the test for DT does
not necessarily reveal the catalysts that are best for real hydro-
carbon feeds containing nitrogen in addition to sulphur com-
pounds. Without wishing to be bound by theory it is assumed
that the catalyst according to the invention is not only good at
removal of S, but also better at the removal of nitrogen. The
removal of nitrogen prevents the catalyst from poisoning by
basic strongly adsorbing nitrogen compounds and prevents
reduction ot the activity ot S removal resulting in low residual
sulphur level.

The term ““hydroprocessing’™ in this context cncompasscs
all processes in which a hydrocarbon fecd is recacted withh
hydrogen at elevated temperature and elevated pressure,
including processes such as hydrogenation, hydrodesulphur-
ization, hydrodenitrogenation, hydrodemetallization,
hydrodearomatization, hydroisomerization, hydrodewaxing,,
hydrocracking, and hydrocracking under mild pressure con-
ditions, which is commonly referred to as mild hydrocrack-
ing. The catalyst composition of the invention is particularly
suitable for hydrotreating hydrocarbon feedstocks. Such
hydrotreating processes comprise, e.g., hydrodesulphuriza-
tion, hydrodenitrogenation, and hydrodearomatization of
hydrocarbon feedstocks. Suitable feedstocks are, e.g., middle
distillates, kero, naphtha, vacuuim gas oils, and heavy gas oils.
Conventional process conditions can be applied, such as tem-
peratures in the range of 250°-450° C_| pressures in the range
Ol 5-250 bar, space velocities in the range 0 0,1-10 h—1, and
H2/01l ratios in the range of 50-2000 N1/1.

The bulk catalyst according, to the invention can be used in
virtually all hydroprocessing processes to treat a plurality of
feeds vnder wide-ranging reaction conditions, e.g., at tem-
peratures in the range of 200° to 450° C., hydrogen pressures
in the range of 5 to 300 bar, and liquid hourly space velocities
(L.IISV) in the range of 0.05 to 10 h—1.

The nickel tungsten bulk catalyst according to the inven-
tion is particularly suitable for the ultra deep hydrodesulphu-
risation ot diesel feed. It was also tound that the activity of'the
nickel tungsten bulk catalyst according to the invention is
positively dependent on the hydroprocessing pressurc.
Bccecausce ot that, the advantage of a high catalytic activity and
the very low residual sulphur levels is even more pronounced
atl high pressure. Particularly good results are oblained at
pressures above 20, more prelerably above 30 bar, even more
preferably above 40 and most preferably above 50 bar. There-
fore, the catalyst according to the invention is most advanta-
geously used in a process for the hydrodesulphurisation and
hydrodenitrogenation pre-treatment of a hydrocracking feed
stream., or in a process for the manufacture of a lubricant
(=lubricating oil).

The residual sulphur levels after hydrodesulphurisation
treatment with the catalyst according to the invention is typi-
cally below 30, prefterably below 20, more preterably below
10 and most preferably below S ppmwt. 'T'he residual nitrogen
levels arce even lower, preferably below 15, more preferably
below 10, even more prelerably below 5 and most preferably
below 3 ppimwlt. For achieving residual sulphur levels below
10 and residual nitrogen levels below 3 ppmwl, preferably
higher hydroprocessing pressures are used of preferably
above 20, more preferably above 30 and most preferably
above 40 bar.

The invention further relates to a process for the manufac-
ture of the bulk catalyst according to the invention compris-
ing:

(1) forming a slurry of a first solid metal compound com-

prising Group VIII metal nickel and a second solid metal
compound comprising Group VI3 metal tungsten in a



protic liquid, the slurry further comprising less than 10
mole 26 ol a second Group VIEB metal (relative o the
total amount of Group VI3 mctals) and less than 10
mole 26 of a Group V metal (relative to the total of the
Group VI metals),

(i1) reacting the first and second solid metal compounds at
elevated temperature whereby the first and second solid
metal compounds remain at least partly in the solid state
during the entire reaction to form the nickel tungsten
oxidic bulk catalyst,

the process optionally further comprising one or more of the
following process steps:

(ii1) separating the metal oxidic particles from the slurry,

(Gv) compositing withh O to 40 wt 26 (relative to the total
weight of the bulk catalyst) of one or more materials
sclected from the group of binder materials, conven-
tional hydroprocessing catalysts and cracking com-
pounds before, during or after the combining and/or
reacting of the metal compounds, :

(v) spray-drying, (flash) drying, milling, kneading, slurry-
mixing, dfy or wet mixing, or combinations thereof,

(vi) shaping and

(vii) drying and/or thermally trecating at a tcmpceraturc
below a temperature where transition to a crystalline
structure occurs, preferably below 350° C.

The solid-solid process according to the invention is
described in detail, as one of the various different bulk cata-
lyst manufacturing processes, in WO 00/41810, which 1s
herewith incorporated by reference. '

Step (1)

The protic liquid to be applied in the process of the present
invention can be any protic liquid. Fxamples are water, car-
boxylic acids, and alcohols such as methanol, ethanol or
mixtures thereof. As the protic liguid in the process of the
present invention preferably a ligquid is used that comprises
water, such as mixturcs of an alcohol and water and morc
preferably water. Also ditlerent protic liquids can be applied
simultaneously in the process of the invention. IFor instance, it
is possible to add a suspension of a metal compound in etha-
nol to an agqueous suspension of another metal compound.
Typically, a protic liquid chosen which does notinterfere with
the reaction. If the protic liquid is water, the solubility of the
Group V111 non-noble metal compounds and Group VI3
metal compounds which are at least partly in the solid state
during the process of the invention generally is less than 0.05
mol/(100 ml water at 18° ).

If the protic liquid is water, suitable nickel compounds
which are at least partly in the solid state during the reaction
comprise, and morce prceferably consist cesscentially ol
oxalates, citrates. carbonates, hydroxy-carbonates. hydrox-
ides, molybdates, phosphates, tungstates, oxides, or mixtures
thereoft, withh nickel hydroxy-carbonate, nickel hydroxide,
nickel carbonate, or mixtures therecof being most preferred.
Generally, the molar ratio between the hydroxy groups and
the carbonate groups in the nickel hydroxy-carbomnuate lies in
the range of O-4, preferably 0-2, more preterably O-1 and most
preferably 0.1-0.8.

Suitable tungsten compounds which are at least partly in
the solid state during the process of the invention comprise
water-insoluble tungsten compounds, such as tungsten di-
and trioxide, tungsten sulphide (WS, and WS;), tungsten
carbidc, ortho-tungstic acid (FI, WO_,*FH,O), tungsten nitride,
aluminium tungstate (also mecta- or polytungstate), ammo-
nivun phosphotungstate, or mixtures thereot, with ortho-tung-
stic acid and tungsten di- and trioxide being preferred.

Preferably, the reaction between the first and second metal
compound is an acid/base reaction and the first or second



metal compound is a basic solid and the other metal com-
pound is an acidic solid compound.

Tn the most preferred embodiment ofthe process according
to the invention, the first and second solid metal compound
are free from nitrogen atoms and the protic liquid separated
from the reacted metal oxidic particles in step ii1) is re-used at
least in part to form the slurry in step i). Most preferably, in
this process the first metal compound is a nickel (hydroxy)
carbonate and the second metal compound is tungstic oxide
or acid.

For sever:al reasons, this process meets the highest standard
of environmenially friendly and economically optimal cata-
lyst producuon. Apart [rom the fact that themetal compounds
do not contain nitrogen atoms, also the reaction does not
require addition of ammonia to the reaction mixture, as for
cxample in WO 2004/073859, so the process is entirely free
of nitrogen atoms. 1here is no accumulation of alicn ions like
anunonium and/or nitrate in the protic liquid on repeated
recycling, there is no strict-need for washing the obtained
separated oxidic particles, there is less environmental hazard
because ot reduced loss ot heavy transition metals and there is
no danger of explosions due to anumonium nitrate salt forma-
tion. IMurther, because the catalyst is bimetallic, the chemistry
in the reaction step is simpler, as there is only one group VI3
metal there can be no composition drift in the group VIB
metals on recycling of the separated liguid after reaction.
Because the compounds remain at least partly solid during the
entire reaction the amount of metals dissolved in the protic
liguid is small and hence losses are smaller. Furthermore, the
spent bimetallic catalyst is easier 1o recycle to the constituent
metals than the trimetallic catalyst because there is no need to
separate two group VIB metals, which is very difficult. Con-
ventional processes for the separation of nickel and tungsten
can be used. This is advantageous in terms of reduced recy-
cling process complexity, costs and increased metal recovery
yield. .

To obtain a final catalyst composition with high catalytic
activily, it is preferred that the first and second solid metal
compound(s) arc porous mectal compounds. For the first metal
compound, prceferably Ni hydroxy carbonate, the surface arca
(SA): SA>220 m?/g, the pore volume pV>0.29 cm?/g (as
determined by nitrogen adsorption), and the median porc
diameter MPID>3.8 nm (as determined by nitrogen desorp-
tion) and for the second metal compound, preferably tungstic
acid, SA>19 m*/g. pvV>0.04 cm~/g , MPD>6.1 nm. It is
desired that the total pore volume and the pore size distribu-
tion of these metal compounds are similar to those of conven-
tional hydroprocessing catalysts. Preferably, the pore volume
is 0.05-5 mV g, prefterably of 0.05-4 ml/g, more preferably of
0.05-3 ml/g. and most preferably 0.05-2 ml/g, as determined
by mercury or water porosimetry. Further, the surface area
preferably is at least 10 m?/g, more preferably of at least 20
m3/g, and most preferably at least 30 m~/g, as determined via
the B.FE.T. method.

The median particle diameter ot the Grst and second solid
metal compound(s) preferably is in the range of at least
0.5 jun, more preferably atleast 1 pun, most preferably at least
21, but preferably not more than 5000 pum, more prelerably
not more than 1000 pun, even more preferably not more than
500 pumn, and most preferably not more than 150 pun. Even
more prelerably, the median particle diameter lies in the range
of 1-150 pum and most prelerably in the range of-2-150 pum.
Generally, the smaller the particles size of the metal com-
pounds, the higher their reactivity. Therefore, metal com-
pounds with particle sizes below the preferred lower limits
arc in principle a prefterred embodiment of the present inven-
tion. However, for health. saftety. and environmental reasons,
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the handling of such small particles requires special precau-~
tions. (Particle Size Distribution was measured by Near For-
ward Scattering.)

Step (i)

During and/or after their addition, the slurry is kept at the
reaction temperature for a certain period of time to allow the
reaction to take place. Generally, the slurry is kept at its
natural pll during the reaction step. In particular, as opposed
O WO 2004/073859, preferably no ammonium is added. The
pH preferably is in the range ot 0-12, more preterably in the
range ol 3-9, and even more preferably in the range of 5-8. As
has becen set out above, care must be taken that the pH and the
tempcerature arc chosen in such a way that the metals arc not
Tully dissolved during the reaction step. In the solid-solid
process the amount of protic liguid is mnot critical and is
conveniently chosen low enough to not unnecessarily create
waste liquid, provided that a sufficient amount of solvent is
present to ensure that the slurry can be well stirred. Moreover,
in case of very reactive and/or partly soluble raw materials, it
should be prevented that the raw materials react vigorously
already during their addition. This can again be achieved by
e.g. increasing the amount of solvent or by lowering the
temperature at which the raw materials are combined.

The parameters that are important for the performance of
the bulk catalyst according to the invention, in particular the
reaction temperaturce and pressure, the metal molar ratio, the
hydrothermal reaction conditions and the reaction time arc
described above in more detail in the description of the bulk
catalyst. As described it is required in the process according to
the invention that, when the metal molar ratio is betweeéen 0.2
and 1, the reaction is preferably done wnder hydrothermal
conditions at a reaction temperature above 100° C. and a
pressure higher than 1 bar. When the metal molar ratio is
above 1, the catalyst obtained can also be advantageously
produced under hydrothermal conditions in order to be able to
achieve somewhat higher activity or to use lower nickel molar
ratio or to react faster. I Towever, in view of simplicity and the
economics of the process itselt, the bulk catalyst can be (and
preterably is) manuftactured in a process wherein the reaction
is donc at substantially atmospheric pressurce and at tempcera-
turc below 120° C., preferably below 110 or 100° C.

Step (1i1)

Afler the reaction slep, il necessary, the obtained metal
oxidic particles can be separated from the liquid, e.g., via
filtration or spray drying. In one alternative embodiment,
such a small amount of protic liguid is used that no liquid
needs to be separated from the solid reaction product. The wet
reaction product can directly be shaped after optional com-
positing with additional marterial as defined below and then
dried. For the separation of the metal oxidic particles in prin-
ciple any solid-liquid separation technique can be used. The
separation can be done betore or after being composited with
additional materials. After solid-liguid separation, optionally,
a washing step can be included. Further, it is possiblc 1o
thermally treat the bulk catalyst atter an optional solid-liquid
separation and drying step and prior to its being composited
with the additional material.

Step (1v)

Ifso desired, an additional material selected from the group
of binder materials, conventional hydroprocessing catalysts,
cracking compounds, acidic promoters such as phosphorus of
fluorine or mixtures thereot can be added during the above-
described preparation of the metal oxidic particles or 1o the
metal oxidic particles after their preparation. Preferably. this
additional material is added to the shury after the preparation
of the metal oxidic particles and prior to the separation step,
but in any case prior to the shaping step. This additional

11 °



material is mostly added after the separation irom the liquid in
the mixing/kneading step. Examples of other additonal
materials that can be composited with the metal oxidic par-
ticles in the catalyst according to the invention are described
in WO 00/41810.

In all the above-described process alternatives, the term
“compositing the bulk catalyst with a material” means that the
malterial is added to the bulk catalyst or vice versa and the
resulting composition is mixed. Mixing is preferably done in
the presence of a liquid (““wet mixing’). This improves the
mechanical strength of the final catalyst composition. Com-
positing the metal oxidic particles with said additional mate-
rial and/or incorporating the material during the preparation
of the metal oxidic particles leads to bulk catalysts ol particu-
larly high mechanical strength., in particular if the median
particle size of the metal oxidic particles (Particle Size Dis-
tribution was mecasurcd by Near Forward Scalttering.) is in the
range of at least 0.5 pum, more preferably at least 1 pum, most
preferably at least 2 pm, but preferably not more than
5000 pun, more preflerably not more than 1000 pum, even more
preferably not more than 500 jun, and most preferably not
more than 150 um. Even more preferably, the median particle
diameter lies in the range of 1-150 im and most prelerably in
the range of 2-150 pumn. The compositing of the metal oxidic
particles with the material results in metal oxidic particles
embedded in this material or vice versa. Normally, the mor-
phology of the metal oxidic particles is essentially maintained
in the resulting bulk catalyst after compositing with the
binder.

The binder materials to be applied may be any materials
conventionally applied as binders in hydroprocessing cata-
lysts. Examples are silica, silica-alumina, such as conven-
tional silica-alumina, silica-coated alumina and alumina-
coated silica, alumina such as (pseudo)boehmite, or gibbsite,
titania, titania-coated alumina, zirconia, cationic clays or
amionic clays such as saponite, bentonite, kaolin, sepiolite or
hydrotalcite, or mixtures thereol. Preterred binders are silica,
silica-alumina, alumina, titania, titania-coatced alumina, zir-
conia, bentonite, or mixtures thereof. These binders may be
applied as such or after peptization.

Step (v)

The slurry, optionally comprising any of the above addi-
tional materials can be subjected to spray-drying, (flash) dry-
ing, milling, kneading, slurry-mixing, dry or wet mixing, or
combinations thereof, with a combination of wet mixing and
kneading or slurry mixing and spray-drying being preferred.
These techmniques can be applied either before or after any of
the above (further) materials are added (Gf at all), after solid-
liquid scparation, before or afler a thermal treatment, and
subsequent to re-wetting.

Step (vi)

I so desired, the metal oxidic particles optionally mixed
with any of the above additional materials may be shaped
optionally after step (ii) having been applied. Shaping com-
priscs extrusion, pcelletizing. beading and/or spray-drying,.
Any additives which are conventionally used to facilitate
shaping can be added. These additives may comprise alu-
minium stearate, surfactants, graphite, starch, methyl cellu-
lose, bentonite, polyethylene glycols, polyethylene oxides, or
mixtures thereof. Ifthe shaping comprises extrusion, beading,
and/or spray-drying, it is preferred that the shaping step is
carried out in the presence of a liquid. such as water. Prefer-
ably, for extrusion and/or beading, the amount ol liguid in the
shaping mixture, expressed as loss of ignition (LO1), is in the
range of 20-80%.
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Step (vii)

Adter an optional drying step. proferably above 100° C., the
resulting shaped catalyst composition may be thermally
treated i’ desired. A thermal treatument. however, is not essen-
tial to the process of the invention. As described above the
bulk catalyst according to the invention has a temperature
scensitive metastable hexagonal phase which readily trans-
forms to a crystalline structure. Therefore, the metal oxidic
particles arc preferably heat treated at a tempcerature below a
temperature where such transition to a crystalline structure
occurs, proferably below 450° ., morc preferably below
400° C., even more preferably below 375° C., most preferably
even below 350° C. This thermal treatment is typically done
on the final bulk catalysts after compositing and shaping, but
could also be done on the intermediate powder followed by
re-wetting. The heat treating time can vary from 0.5 to 48
hours and is done in an inert gas such as nitrogen, or in an
oxygen-containing gas, such as air or pure oxygen. The ther-
mal treatment can be carried out in the presence of water
steam.

The process of the present invention may further comprise
a sulphidation step. Sulphidation generally is carried out by
contacting the bulk catalyst, directly after the preparation of
the metal oxidic particles or after any one of the further
process steps (1i1)-(vil), most preferably after the shaping to a
shaped bulk catalyst, with a sulphur-containing compound
such as elementary sulphur, hydrogen sulphide, DMDS, or
inorganic or organic polysulphides. The sulphidation can
generally be carried out in situ and/or ex situ. Preferably, the
sulphidation is carried out ex situ, i.e. the sulphidation is
carried out in a separate reactor prior to the sulphided catalyst
composition being loaded into the hydroprocessing unit. IFur-
thermore, it is preferred that the catalyst composition is sul-
phided bothh ex situ and in situ.

A preferred process of the present invention comprises the
following successive process steps of preparing the bulk cata-~
lyst according to the invention; contacting and reacting the
{irst and second compound in a shury with protic liquid as
described above, slurry mixing the obtained oxidic mectal
particles with, e.g., a binder, 1solating the particles via filtra-
tion, optional intermediate pre-drying of the precipitate, wet
mixing the filter cake with a material, such as a binder, knead-
ing, extrusion, drying, calcining and sulphiding,.

The catalysts are characterized using the following methods:
1. Side Crush Strength

First, the length of, e.g., an extrudate particle was mea-
sured, and then the extrudate particle was subjected to com-
pressive loading (25 1bs in 8.6 sec.) by a movable piston. The
Torce required to crush the particle was measured. The pro-
cedure was repeated with at least 40 extrudate particles and
the average was calculated as force (Ibs) per unit length (imam).
The method preferably was applied to shaped particles with a
length not exceeding 7 nun.

2. Porosimetry :

The N2 adsorpltion measurement was carried out as
described in: Paul A. Webb and Clyde Orr, “Analytical Meth-
ods in Fine Particle Technology?”, Micromeritics ITnstrument
Corporation, Norcross, Ga., UUSA, 1977, ISBIN 0-9656783-0-
X. Where median pore diameter MPD is mentioned, we refler
1o the pore size distribution extracted from the desorption
branch of the nitrogen sorption isotherm according to the BIH
method as published: P. Barrett, I.. G. Joyner, P. P. Halenda;
The determination of pore volume and area distributions in
porous substances. 1. Computations from nitrogen isotherms,
J.Am. Chem. Soc. (1951). 73, 373-380. Total surface area is
determined by the BET method: S. Brunauver, P. H. Emmett
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and E. Teller. Adsorption of gases in muhltimolecular layers, J.
Am. Chem. Soc. (1938), 60, 309-319.

Macropore volume determination, typically for pores hav-
ing 60 nm or higher pore diameter, was carried out by mer-
cury (Hg) porosimeltry as described in e g. Paul A. Webb and
Clyde Orr, “Analytical Methods in Fine Particle Technol-
oy’ Micromeritics Instrument Corporation, Norcross, Ga.,
USA., 1977, ISI3N 0-9656783-0O-X. The contact angle used
was 140 degrees.

3. Amount of Added Solid Metal Compounds

Qualitative deternmination: The presence of solid metal
compounds during the process of the invention can easily be
detected by visual inspection at least if the metal compounds
arc present in the form of particles with a diameter larger than
the wavelength of visible light. Of course, methods such as
quasi-elastic light scattering (QELS) or near-forward scatter-
ing, which are known to the skilled person, can also be used to
verily that at no point in time during the process ol the
invention all metals will he in the solute state. Median particle
size was also determined with light scattering (near forward
scattering).

Quantitative determination: if the metal compounds which
are added at least partly in the solid state are added as sus-
pension(s), the amount of solid metal compounds added dur-
ing the process of the invention can be determined by filtra-
tion of the suspension(s) to be added under the conditions
which are applied during the addition (temperature, plkl, pres-
sure, amount of liguid), in such a way that all solid material
contained in the suspension(s) is collected as solid filter cake.
From the weight of the solid and dried filter cake, the weight
of the solid metal compounds can be determined by standard
techniques. Of course, if apart from solid metal compounds
further solid compounds, such as a solid binder, are present in
the filter cake, the weight ot this solid and dried binder must
be subtracted from the weight of the solid and dried filter
cake. The amount of solid metal compounds in the filter cake
can also be determined by standard techniques such as atomic
absorption spectroscopy (AAS), XRF, wet chemical analysis,
or 1ICP.

If the metal compounds which arc added at lcast partly in
the solid state are added in the wetted or dry state, a filtration
generally is not possible. In this case, the weight of the solid
metal compounds is considered equal to the weight of the
corresponding initially employed metal compounds, on a dry
basis. The total weight of all metal compounds is the amount
ot all metal compounds initially employed, on a dry basis,
calculated as metal oxides.

4. Characteristic Full Width at Half Maximum

The characteristic tfull width at half maxunum of the oxidic
catalysts was determined on the basis ol the X-ray diffraction
pattern of thce catalyst: the characteristic full widthh at half
maximum is the full width at haltf maximum (in terms of 20
scattering angle) of the peak at 20=53.6° (x0.7°) and at
20=35° (=0.7°).

For the determination of the X-ray diffraction pattern, a
standard powder diflractometler equipped with a graphite
monochromator can be used. The measurement conditions
can, e.g., be chosen as follows:

XK-ray generator settings: 40 kV and 40 m.A,
wavelength: 1.5418 angstroms,

divergence and anti-scatter slits: v20 (variable),
detector slit: 0.6 1,

step size: 0.05 (°20),

tume/step: 2 scconds,

Instrument: Bruker ID5000.
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The invention will be further illustrated by the Examples
described below. R3 means a reaction process wherein both
the first and second metal compounds are at least partly solid
during the reaction. R2 meuans a reaction route wherein at
least one of the first or second metal compounds is at least
partly solid during the reaction and at least one of the other
first or sccond mectal compounds arc in solute state, R1 mecans
a process wherein all metal components are in solute state.
CBD means compacted bulk density of the catalyst. HT
means hydrothermal reaction condition. The diesel hydropro-
cessing lest results are given in Table 9 wherein RVA and
RWA arcrclative volumce activity and relative weight activity,
respectively, based on the total catalyst amount loaded in the
reactor. HIDN is hydrodenitrogenation and HIDS is hydrodes-
ulphurisation. The tests were performed using two different
temperature and pressure test conditions 1 and 2. 'I'he postfix
1 or 2 (for example in RWA 1 and RWA2) refer to the test
condition 1 and 2 respectively. The RWA HIDNT1 results are
not shown because the nitrogen levels in the reaction product
were all so low that the measurciment is inaccurate and dif-
ferences between the samples are too small to identify differ-
ences in catalytic activity between samples. Further, the
residual sulphur and nitrogen levels after the hydrotreatment
were determined and given in Table © under column S1, S2
and N2. In the tests different diesel test procedures were used
indicatedas 121,122, D3, D4 and D5. The RWA/RVA values of
the reference catalysts C1.2, C1.1, C5.1, C5.2 and C6 in D1,
D2, D3, D4 and D5 respectively were defined as 100. All
other RWA/RVA values are calculated relative to these refer-
ence catalysts.

COMPARATIVE EXPERIMENT C1.1 AND C1.2
(Nil.5MoO.5WO0.5 R3)

115.2 g of MoO3 (0.8 mole Mo, ex. Aldrich) and 200 g of
tungstic acid H2WO4 (0.8 mole W, ex. Aldrich) were slurried
in 6400 ml of water (suspension A) and heated to 90° C. 282.4
g of nickel hydroxycarbonate 2NiCO3*3INi(OH)2*4H20
(2.4 mole of Ni, ex. Aldrich) were suspended in 1600 ml of
water and heated to 90° (. (suspension B). The nickel
hydroxycarbonate used in this and the other examples had a
B. E. T. surface arca of 239 m=/g. Suspension B was added to
suspension A in 10 minutes, and the resulting mixture was
maintained at 90° C. for a period of 16 hours (overnight) with
continuous stirring. At the end of this time, the suspension
was filtered. The yield was above 982 (based on the calcu-
lated weight of all metal components having been converted
to their oxides). The obtained filter cake was wet-mixed with
2.5 wt 26 of a binder (based on the total weight of the catalyst
composition). The water content of the mixture was adjusted
in order to obtain an extrudable mix, and the mixture was
subsequently extruded. The resulting solid was dried at 120°
C. for 16 hours (overnight) and calcined at 300° C. for 1 hour.
The catalyst was sulphided and tested using the procedurce
trom Diesel test procedures 121 and D2 (presented as C1.1
and C1.2 in Table 9).

COMPARATIVLE EXPERIMIENT C2
(Nil1.5 Mol R2)
282.4 24 ol  ammonium heptamolybdate (NFHL),
Mo, O, *4H O (1.6 mole Mo, ex. Aldrich) were dissolved in
6400 ml water, giving a solution with a pH of about 5.2 at

room temperature. The solution was subscequently heated wo
90° C. (solution A). 282.4 g of nickel hydroxycarbonate

15 °



ZNICO;*3N1(OH)L,*4H L, O (2.4 mole N1, ex. Aldrich) were
suspended in 1600 ml of water, and this suspension was
heated to 90° C. (suspension B). Then suspension B was
added to solution A in 10 minutes, and the resulting suspen-
sion was maintained at 90° . for a period of 16 hours with
continuous stirring. 'I'he yiceld was about 85%%. The obtained
filter cake was extruded (with 10wt 2% binder), dried, calcined
and sulphided as described in C'1 and tested using the proce-
dure from IDiesel test procedure 1D2.

COMPARATIIVE EXPERIMENT C3
(Nil.5W1 R2)

A catalyst was prepared as described 1in C2, except that the
only one Group VIE metal component used was tungslen: a
catalyst was preparced using 393.6 g ol amimonium metatung-
state (INH_);H_-W,,0O.,, (1.6 mole W, ex. Strema Chemical))
and 282.4 g of nickel hydroxycarbonate 2NiCO,*3Ni
(OH),L,*4H,L,O (2.4 mole Ni). The yield was about 9726, based
on the calculated weight of all metal components having been
converted to their oxides. The obtained filter cake was
extruded (with 10 wt 26 binder), dried, calcined and sulphided
as described in C1 and tested using the Diesel test procedure

D2.
COMPARATIVE EXPERIMENT C4
(Nil.5 Mol R3)

A catalyst was prepared as described in Comparative
Experiment C1, except that only one Group VIB metal com-
ponent was applied: a catalyst was prepared using 230.4 g of
molybdenum trioxide (1.6 mole Mo, ex. Aldrich) and 282.4 g
ot nickel hydroxycarbonate 2NiCO;*3NI(OH),,*4H O (2.4
mole N1). The yield was about 98%, based on the calculated
weight of all metal components having been converted to
their oxides. The obtained filter cake was extruded (with 2.5
w1t 20 binder), dried, calcined and sulphided as described in
C1 and tested using the Dicsel test procedure 101,

COMPARATIVE EXPERIMENT C5.1 AND C5.2
(N11 Mo0O.5WO0.5 R3)

A catalyst was prepared as 1 C1 except that lower amount
ot INi was used. The catalyst was prepared using 115.2 g of
MoO; (0.8 mole Mo, ex. Aldrich), 200 g of tangstic acid
H,o WO, (0.8 mole W, ex. Aldrich) and 188.0 g of nickel
hydroxycarbonate 2ZN1COL*3N1(OH)L*4HLO (1.6 mole of
Ni, ex. Aldrich). The yicld was above 9826, The obtained filter
cake was dricd overnight at 120° C. "The obtainced filter cake
was wet-mixed with 10 wt 26 binder, extruded, dried, calcined
and sulphided as described in C1 and tested using Diesel test
procedure D4 ((C5.2 in Table 9). The extrudates were crushed
and 40-60 mesh fraction was isolated by sieving. The material
was then sulphided and tested using the procedure from IDie-~
sel test procedure 123 (C5.1 in lable 9).

EXAMPLE E1

(N11.5W1 R3)
A catalyst was prepared as described in C1, except that
only one Group VIR metal component was used: a catalyst

was prepared as in (U1 using 400 g of tungstic acid (1.6 mole
W, ex. Aldrich) and 282.4 p of nickel hydroxycarbonate 2
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NiCO;*3Ni(OH);*4H O (2.4 mole Ni). The yield was about
99%. based on the calculated weight of all metal components
having been converted to their oxides. The obtained filter cake
was extruded (with 2.5 wt % binder), dried, calcined and
sulphided as described in Cl and tested using Diesel test
procedure D1. The results show that the performance of the
bimetallic Nickel tungsten catalyst of 11 is better than the
trimetallic catalyst C1.2 (Table 9) and also better than NiMo
catalysts (C2 and C4) and than catalysts prepared by a route
R 2 preparation process (C3).

EXAMPLE E2
(N10.75W1 R3 HT)

A catalyst having a Ni/W molar ratio of 0.75 to 1 was
prepared in a manner analogous Lo what is described in C35,
cxcept that the reaction was carried out under autogenic pres-
surc in an autoclave recactor heated with microwave radiation
at a reaction temperature of 150° C. and that the reaction time
was about 6 hours. 1.76 g of Ni carbonate (0.015 moles Ni)
was added to 100 cc of water along with 4.99 grams of
tungstic acid (0.02 mole W). The suspension was put into a
sealed Wetlon™ vessel of 275 cc total volume and heated at
10° C./minto 150° C. and held at that temperature for 6 hours
with continuous stirring. The sample was cooled to room
temperature and the solid filtered and dried overnight at 120°
C. The obtained material was pelleted, the pellets were
crushed and 40-60 mesh fraction was isolated by sieving. The
material was then sulphided and tested using the procedure
from Diesel test procedure D3, Surprisingly, the performance
of the bimetallic catalyst E2 is improved as compared to the
trimetallic catalyst of C5.1 (Table 9)

EXAMPLE E3

A catalyst was prepared as described in I'1, except that the
Ni/W molar ratio was 1 to 1 and that the reaction was carried
out under autogenic pressure in an autoclave reactor heated
with microwave radiation at a reaction temperature of 150° C.
2.35 g of Ni carbonate (0.02 moles Ni) was added to 100 cc of
water along with 4.99 grams of tungstic acid (0.02 mole W).
The suspension was put into a sealed Wetflon™ vessel of'275
cc total volume and heated at 10° C./min to 150° C. and held
at that temperature for 6 hours with continuous stirring. The
sample was cooled to room temperature and the solid filtered
and dried overnight at 120° C. The obtained material was
pelleted, the pellets were crushed and 40-G0 mesh fraction
was 1solated by sieving,. The material was then sulphided and
tested wusing the procedure from Diesel test procedure ID3.
Surprisingly, the performance of the bimetallic material ot I3
is improved as compared to the trimetallic C5.1.

LEXAMPLIL E4
(Ni0.5W1 R3 I1T)

A catalyst was prepared as described in 1, except that the
Ni/W molar ratio was 0.5 to 1 and that the preparation was
carried out on a larger scale. 164.5 g 0T Ni carbonate (1.4 mole
Ni) was added to 14 liters of water along witht 699.6 grams of
tungstic acid (2.8 mole W). The suspension was put into a
S5-gallon autoclave, the autoclave was closed and heated at
10° C.//minto 150° C. and held at that temperature for 6 hours
with continuous stirring. The sample was cooled to room
temperature and the solid filtered and dried overnight at 120°
C . The obtamned material was wet-mixed witla 10 wit 26 binder,
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extruded, dried, calcined and sulphided as described in C1
and tested using Diesel test procedure D4,

EXAMPLE 1£5
(N1i0.5WO0.975NDb0.025 R3 IHT)

A catalyst was prepared as described in E4, except that Nb
was added to the reaction mixture, that the Ni to W to Nb
molar ratio was 0.5 to 0.975 to 0.025, and that the preparation
was carricd out on a largcer scalc. 164.5 g ot N1 carbonate (1.4
mole Ni1) was added to 14 liters of water along with 682.5
grams of tungstic acid (2.73 mole W) and 11.19 g of niobic
acid (0.07 moles Nb) (ex. CBBM Industries). The suspension
was put into a S-gallon autoclave. the autoclave was closed
and heated at 10° C./min to 150° C. and held at that tecmpera-
ture for 6 hours with continuous strring. lT'he sample was
cooled to room temperature and the solid filtered and dried
overmight at 120° C. The obtained material of combined par-
allel preparations were extruded (with 10 wt 26 binder), dried,
calcined and sulphided as described in C1 and tested using
Diesel test procedure 134, Surprisingly, the performance of
the Nb containing material of F5 is improved as compared to
the bimetallic E4 and the trimetallic C5.2 (Table 9).

COMPARATIVLE EXPERIMIENT C6
(N1l MoO.5WO0.5 R3 H'T)

A catalyst was prepared with Ni to Mo to W molar ratio 1
t0 0.5t0 0.5. 2.35 g of Ni carbonate (0.02 moles Ni) was added
to 100 cc of water along with 2.5 grams of tungstic acid (0.01
mole WH)and 1.44 g ofMoO; (0.01 mole Mo). The suspension
was put into a sealed Weflon™ vessel ot 275 cc total volume
and heated at 10° C./min to 150° C. and held at that tempera-
ture under autogenic pressure for 6 hours with continuous
stirring. The sample was cooled 1o room temperature and the
solid filtered and dried overnight at 120° C. The obtained
material was pelleted, the pellets were crushed and 40-60
mesh fraction was isolated by sieving. The catalyst was sul-
phided and tested using the Diesel test procedure D3. The
HDS performance of the hydrothermally prepared trimetallic
material of CEG6 is lower than the bimetallic nickel tungsten
catalyst, in particular in test condition 2.

COMPARATIVE EXPERIMENT C7
(Ni1WO0.5Mo0O.5 R3)

188 g of nickel hydroxycarbonate 2NiCO;*3Ni(OII),*
AHLO (1.6 mole of Ni) were suspended in 8000 ml of water
and the resulting slurry was heated to 60° C. Subsequently
115.2 of MoO,; (0.8 mole Mo) and 200 g of tungstic acid
H. WO, (0.8 mole W) were added and the resulting slurry was
heated to 95° C. and mantained at that temperature {or a
period of about 24 hours with continuous stirring. At the end
ot this time, the suspension was filtered. The obtained filter
cake was wet-mixed with 10 wt 26 of a binder (based on the
total weight ot the catalyst composition). The water content
of the mixture was adjusted in order to obtain an extrudable
mix., and the mixturc was subscquently extruded. The result-
ing solid was dried at 120° C. for 16 hours (overnight) and
calcined at 300° C. for 1 hour. The extrudates were crushed
and 40-60 mesh fraction was isolated by sieving. The material
was then sulphided and tested using the Diesel test procedure
5.
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EXAMPLE E6
(R3 Ni1lW1, 90)

50.0 g ot tungstic acid H, WO, (0.2 mole W) was slurried in
one liter ot water together with 23.5 g of nickel hydroxycar-
bonate 2NICO;*3N1(OH),L *4F O (0.2 mole of N1). The sus-
pension of the 2 solids was heated 1o 90° C. and held at that
temperature for a period of 20 hours (overnight) with con-
tinuous stirring. At the end of this time, the suspension was
filtered. 'The resulting solid was dried at 120° C. for 16 hours
(overnight). The resulting solid was pelleted, the pellets were
crushed and 40-60 mesh and the fraction was isolated by
sieving. The material was then calcined at 300° C. for 1 hour.
The material was then sulpluded and tested using the Diesel
test procedure ID5. The results show that at a metal molar ratio
ot 1 it 1s impossible to get a highly active catalyst in non-
hydrothermal reaction conditions.

EXAMPLE E7
(NilwWil R3 HT125)

The catalyst was prepared under autogenic pressure in an
autoclave reactor heated with microwave radiation at a reac-
tion temperaturc of 125° C. and recaction time ot about 6
hours. 2.35 g of Ni carbonate (0.02 moles Ni) was added to
100 cc of water along with 4.99 grams of tungstic acid (0.02
mole W). The suspension was put into a sealed Weflon™
vessel of 275 cc total volume and heated with microwave
radiation at 10° C./min to 125° C. and held under autogenic
pressure at that temperature for 6 hours with continuous stir-
ring. The sample was cooled to room temperature and the
solid filtered and dried overnight at 120° C. The obtained
material was pelleted, the pellets were crushed and 40-60
mesh fraction was isolated by sieving. The material was then
calcined at 300° . for 1 hour. The material was then sul-
phided and tested using the Diesel test procedure 1O5.

EXAMPLE ES
(NilW1 R3 HT150)

The catalyst was prepared under antogenic pressure in an
autoclave reactor heated with microwave radiation at a reac-
tion temperature of 150° C. and reaction time of about 6
hours. 2.35 g of Ni carbonate (0.02 moles Ni) was added to
100 cc of water along with 4.99 grams of tungstic acid (0.02
mole W). The suspension was put into a sealed Weftlon™
vessel of 275 cc total volume and heated with microwave
radiation at 10° C./min to 150° . and held under autogenic
pressure at that temperature for 6 hours with continuous stir-
ring. The sample was cooled to room temperature and the
solid filtered and dried overnight at 120° C.. The obtained
material was pelleted, the pellets were crushed and 40-G0
mesh fraction was isolated by sieving. The material was then
calcined at 300° C. for 1 hour. The material was then sul-
phided and tested using the Diesel test procedure D5,

X AMPLIL 129
(Ni1W1 R3 175)
The catalyst was prepared under autogenic pressure in an
autoclave reactor heated with microwave radiation at a reac-

tion temperature of 175° C. and reaction time of about 6
hours. 2.35 g of Ni carbonate (0.02 moles Ni1) was added to
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100 cc of water along with 4.99 grams ol tungstic acid (0.02
molce W), The suspension was put into a scaled Wellon™
vessel o275 cc total volume and heated at 10° C./minto 175°
C. and held at that temperature for 6 hours with continuous
stirring. The sample was cooled to room temperature and the
solid filtered and dried overnight at 120° C. The obtained
material was pelleted, the pellets were crushed and 40-60
mesh fraction was isolated by sieving. The material was then
calcined at 300° C. for 1 hour. The material was then sul-
phided and tested wusing the Diesel test procedure ID5.
Examples E7 to E9 show that hydrothermal conditions result
in a pronounced mmprovement ol the activity compared to
reference catalyst C7 and to the same catalyst EG not prepared
under hydrothermal conditions.

EXAMPLE E10
(Ni1NDb.O25W.975 R3)

48.7 g oftungstic acid H, WO, (0.195 mole W) was slurried
in one liter of water together with 23.5 g of nickel hydroxy-
carbonate 2NiCO 5 *3Ni(OH),*4H ., O (0.2 mole of Ni) and 0.8
grams of niobic acid (0.005 moles Nbh). The suspension ofthe
3 solids was heated to 90° C. and held at that temperature for
a period of 20 hours (overnight) with continuous stirring. At
the end of this time, the suspension was filtered. Uhe resulting
solid was dried at 120° C. for 16 hours (overnight). Lhe
resulting solid was pelleted, the pellets were crushed and
40-60 mesh and the fraction was isolated by sieving. The
material was then calcined at 300° C. for 1 hour. The material
was then sulphided and tested using the Diesel test procedure
Ds. :

EXAMPLE I311
(Nil Nb.O5SW.95 R3)

47.4 g of tungstic acid H, WO, (0.19 mole W) was slurried
in one liter of water together with 23.5 g of nickel hydroxy-
carbonate 2NiCO, *3Ni(OH),*4H_ O (0.2 mole ot Ni) and 1.6
grams of niobic acid (0.01 moles Nb). The suspension of the
3 solids was heated to 90° C. and hecld at that tcmpcerature for
a period of 20 hours (overnight) withh continuous stirring. At
the end ofthis time, the suspension was filtered. The resulting
solid was dried at 120° C. for 16 hours (overnight). The
resulting solid was pelleted, the pellets were crushed and
40-60 mesh and the fraction was isolated by siceving. The
material was then calcined at 300° C. for 1 hour. The material
was then sulphided and tested using the Diesel test procedure
™5.

EXAMPLE 12
(INil1l Nb.O75W.925 R3)

46.2 g oftungstic acid H, WO, (0.185 molec W) was slurried
in one liter ol waler together withh 23.5 ¢ ol nickel hydroxy-
carbonate 2NICOL*3N1I(OH)L,*4H,L O (0.2 mole of Ni)and 2.4
grams ofniobic acid (0.015 moles Nb). The suspension of the
3 solids was heated to 90° C. and held at that temperature for
a period of 20 hours (overnight) with continuous stirring. At
the end of this time, the suspension was filtered. The resulting
solid was dried at 120° C. for 16 hours (overnight). The
resulting, solid was pelleted. the pellets were crushed and
40-60 mesh and the fraction was isolated by sieving. The
material was then calcined at 300° C. for 1 hour. The material
was then sulphided and tested using the Diesel test procedure
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D5, Examples I210 to E12 show that even a small amount of
Nb results in an improvement of the activity. The activily
levels are nevertheless low because of the very low Ni molar
ratio.

EXAMPLIL 13
(INil Nb.O25W.975 H'T150)

The catalyst was prepared under autogenic pressure in an
autoclave reactor heated with microwave radiation at a reac-
tion temperature of 150° C. and reaction time of about 6
hours. 2.35 g ot Ni carbonate (0.02 moles Ni) was added to
100 cc of water along with 4.87 grams of tungstic acid
(0.0195 molc W) and 0.080 grams of niobic acid (0.0005
moles Nb). The suspension was put into a scaled Weflon'™
vessel o275 cc total volume and heated at 10° C./min to 150°
C. and held at that temperature for 6 hours with continuous
stirring. The sample was cooled 1o room temperature and the
solid filtered and dried overnight at 120° C. The obtained
material was pelleted, the pellets were crushed and 40-6G0
mesh fraction was isolated by sieving. The material was then
calcined at 300° C. for 1 hour. The material was then sul-
phided and tested using the Diesel test procedure D5.

EXAMPI.FE F14
(INi1 NbO.053W0.95 R3 HT150)

The catalyst was prepared under auntogenic pressure in an
autoclave reactor heated with microwave radiation at a reac-
tion temperature of 150° C. and reaction time of about 6
hours. 2.35 g of Ni carbonate (0.02 moles Ni) was added to
100 cc ot water along with 4.74 grams of tungstic acid (0.019
mole W) and 0.16 grams ot niobic acid (0.001 moles Nb). The
suspension was pul into a sealed Weflon™ vessel of 275 cc
total volume and heated at 10° C./min to 150° C. and held at
that temperature for 6 hours with continuous stirring. The
sample was cooled to room temperature and the solid filtered
and dried overnight at 120° C. The obtained material was
pelleted, the pellets were crushed and 40-60 mesh fraction
was isolated by sieving. The material was then calcined at
300° C. for 1 hour. The material was then sulphided and tested
using the Diesel test procedure ID5.

EXAMPLIE EL1S
(Ni1 NbhO.O75W0.925 R3 HT150)

The catalyst was prepared under autogenic pressure in an
autoclave reactor heated with microwave radiation at a reac-
tion temperature ot 150° C. and reaction time of about 6
hours. 2.35 g ot Ni carbonate (0.02 moles Ni) was added to
100 cc of water along with 4.62 grams of tungstic acid
(0.0185 molc W) and 0.24 grams of niobic acid (0.0015 moles
Nb). The suspension was pul into a sealed Weflon™ vessel of
275 cc total volume and heated at 10° C/min to 150° C. and
held at that temperature for 6 hours with continuous stirring.
The sample was cooled to room temperature and the solid
filtered and dried overnight at 120° C. The obtained material
was pelleted, the pellets were crushed and 40-60 mesh frac-
tion was isolated by sieving. The material was then calcined at
300° C. for 1 hour. The material was then sulphided and tested
using the Diesel test procedure IDS5. Examples E13 to 1515
show a Niobium containing catalyst prepared in hydrother-
mal conditions not only has a significantly increased activity
compared to non-hydrothermally prepared catalysts [310 to
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E12, but also a very pronounced vnexpected improvement of
activity compared Lo a catalyst prepared in the same condition
without the small amount of Niobiwm.

EXAMPLE E16
(NilW1 R3, 7 Days)

50.0 g oftungstic acid HLo WO, (0.2 mole W) was slurried in
one liter of water together with 23.5 g of nickel hydroxycar-
bonate 2N1CO;*3IN1(OI1),*411,0 (0.2 mole of Ni). The sus-
pension of the 2 solids was heated to 90° C. and held at that
temperature tor a period of' 7 days with continuous stirring. At
the end of'this time, the suspension was filtered. The resulting
solid was dried at 120° C. for 16 hours (overnight). L'he
resulting, solid was pcelleted, the pellets were crushed and
40-60 mesh and the Iraction was isolated by sieving. The
material was then calcined at 300° C. for 1 hour. The material
was then sulphided and tested using the IDiesel test procedure
I55. The results show that at very long reaction times an
improvement in activity could be obtained compared to 20
hours reaction time, but that this improvement is relatively
small compared to the improvement obtained by the hydro-
thermal conditions.

FXAMPILE 17

Ni11.5W1 R3 HT150

The catalyst was prepared under autogenic pressure in an
autoclave reactor heated withh microwave radiation at a reac-
tion temperature of 150° C. and reaction time of about 6
hours. 3.53 g of Ni carbonate (0.03 moles Ni) was added to
100 cc of water along with 4.99 grams of tungstic acid (0.02
molc W). T'he suspension was put into a sealed Weflon'™
vessel 0275 ce total volume and heated at 10° C./min to 150°
C. and held at that temperature for 6 hours with continuous
stirring,. The sample was cooled to room temperature and the
solid filtered and dried overnight at 120° C. The obtained
material was pelleted, the pellets were crushed and 40-60
mesh fraction was isolated by sieving. The material was then
calcined at 300° .. for 1 hour. The material was then sul-
phided and tested using the Diesel test procedure 1D5. The
results show that in hydrothermal conditions very good
results can be obtained at higher metal molar ratio, but that a
higher metal molar ratio is not necessary or desirable.

COMPARATIVE FEXPERIMENT C8
(Ni0.9W1 R1 90)

49.2 g of ammonium metatungstate (0.2 mole W) were
dissolved in 800 ml of water giving a solution of'a pH of about
5.2.To this solution, 0.4 moles of ammonium hydroxide (ca.
30ml) was added, resulting in a pH increcase to about 9.8. This
solution was heated to 90° C. (solution A). A second solution
waus prepared by dissolving 52.4 g Ni nitrate hexahydrate
(0.1 8 mole Ni1) in SO ml ol water. The solution was maintained
at 90° C. (solution B). Solution B was added dropwise to
solution A at a rate of 7 ml/min. The suspension that formed
was stirred for 30 minutes while the temperature was main-
tained at 90° . The material was filtered hot and dried in air
at 120° . overnight. The obtained material was pelleted, the
pellets were crushed and 40-60 mesh fraction was isolated by
sieving. The matenal was then calcined at 300° C. for 1 hour.
The material was then sulphided and tested using the Diesel
test procedure D5, The results show that also in preparation
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route R1 it is umpossible at a metal maolar ratio of' 1 or lower to
get a highly active catalyst in non-hydrothermal reaction con-
ditions.

COMPARATIVE EXPERIMENT C9
(Ni0.OW1 R1 HT150)

The catalyst was prepared under autogenic pressure in an
autoclave reactor heated with microwave radiation at a reac-
tion temperature of 150° C. and reaction time of 30 minutes.
To a solution o1 10.48 g Ni nitrate hexahydrate (0.036 mole
Ni) in 100 cc of water was added 9.86 g of ammonium
metatungstate (0.04 mole W) and ca. 6 ml of ammonium
hydroxide solution (0.08 molec NH4OH). The suspension was
put into a scaled Weflon''™ vessel ol 275 cc total volume and
heated at 10° C./1mmin to 150° C. and held at that temperature
for 30 minutes with continuous stirring. The sample was
cooled to room temperature and the solid filtered, washed and
dried overnight at 120° C. The obtained material was pelleted,
the pellets were crushed and 40-60 mesh fraction was isolated
by sieving. The material was then calcined at 300° C. for 1
hour. The material was then sulphided and tested using the
Diesel test procedure IDS. The results show that also in hydro-
thermal reaction conditions a catalyst according to the inven-
tion E8 has a higher activity than a comparable catalyst pre-
pared by route R1.

COMPARATIVE EXPERIMENT C10
(NilW1 R2)

49.2 g of ammonium metatungstate (NH_ ) HL.W ,, O, (0.2
mole W) were dissolved in 800 ml water, giving a solution
with a pH of about 5.2 at room temperature. ‘T'he solution was
subsequently heated to 90° C. (solution A). 23.5 g of nickel
hydroxycarbonate 2N1CO,; *3Ni(OH),*4H,O (0.2 mole Ni)
were suspended in 200 ml of water, and this suspension was
heated to 90° C. (suspension B). Then suspension B was
added to solution A in 10 minutes, and the resulting suspen-
sion was maintained at 90° C. for a period of 16 hours with
continuous stirring. The resulting solid was dried at 120° (.
for 16 hours (overnight). The resulting solid was pelleted, the
pellets were crushed and 40-60 mesh fraction was isolated by
sieving. The material was then sulphided and tested using the
Diesel test procedure ID5. The results show that also in prepa-
ration route R2 it is impossible at a metal molar ratio of 1 to
get a highly active catalyst in non-hydrothermal reaction con-
ditions.

COMPARATIVIE EXPERIMENT €11
(NilW1 R2 HT150)

‘I'he catalyst was prepared under autogenic pressurce in an
autoclave reactor heated with microwave radiation at a reac-
tion temperature ol 150° C. and reaction tme of about 6
hours. 3.52 g of N1 carbonate (0.03 moles Ni1) was dadded 1o
150 cc of water along withh 7.40 g of anunonimm metatung -
state (0.03 mole W). The suspension was put into a sealed
Weflon™ vessel of 275 cc total volume and heated with
microwave radiation at 10° C./min to 150° C. and held under
autogenic pressure at that temperature for 6 hours with con-
tinuous stirring. The sample was cooled to room temperature
and the solid filtered and dried overnight at 120° C. The
obtained material was pelleted, the pellets were crushed and
40-60 mesh fraction was isolated by sieving. The material
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was then calcined at 300° C . for 1 hour. The material was then
sulphided and tested using the Diesel test procedure D5, The
results show that also in hydrothermal reaction conditions a
catalyst according to the invention 1Ii8 has a higher activity
than a comparable catalyst prepared by route R2

The full width at half maximum (FWHM) was measured
for all examples and was found to be below 2.5 in all
examples.
Diesel Test Procedure 121

The catalysts were tested in a down-flow tubular reactor.
Each reactor tube contained 10 ml of catalyst mixed with an
equal amount ot SiC particles and sandwiched between layers
of SiC particles. Before being tested the catalysts were pre-
sulphided via liquid phase presulphiding using the feed
described in Table 1 which had been spiked with dimethyl
disulfide to a total sulfur comtent ot 3.7 wt. %. The pre-
sulphided catalysts were then tested in the hydrotreating of a
diesel tfeedstock having the properties shown in Table 1:

TABLE 1
GAS O FEEDSTOCK

Sulphur content (%% wt) 1.24
Nitrogen content (pprmwwit) 86
Mono aromatics (%o wi) 16.5
Di-aromatics (% wt) 10.8
Di+-aromatics (2o wt) 0.8
Total aromatics (%6 wt) 28.1
Simulated Distillation ASTM-1D
86
Initial RBoiling Point 184

526 Volume (¢ C.) 218.
10%6 Volune (¢ C.) 231.
20% Volume (¢ C.) 250.
30%0 Volume (" C.) 2064.

40% Volume (© C)

50% Volume )

60%0 Volurmme (7 C.) 208.
)
D
2

—~

70%% Volume (¢ C
880% Volumne (¢ C
Q0% Volume (¢ C
9526 Volume (¢ C.) 360.
Final Boiling Point (¢ C.) 373.

1
o0
b
BTWWNNRoML O

The catalysts were tested under the two conditions shown
in Table 2.

TABLE 2
Presulphiding Condition 1 Condition 2
Temperamire (° C.) 315 320 340
Pressure (har) 30 40 20
H2 ro oil rarvio (NI/1) 200 300 300
LHSV (1/h) 3.0 2.0 1.5

Diesel Test Procedure 152

The catalyst was loaded into the reactor in a manmner analo-
gous to what is described in ID1. Before being tested the
catalysts were presulphided via liquid phase presulphiding
using, the feed described below in Table 3 which had been
spiked with dimethyl disulfide to a total sulfur content of 3.7
wt. 2. FThe presulphided catalysts were then tested in the
hydrotreating of a diesel leedstock having the properties
shown in Table 3:
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TABLE 3

GAS O, FEEDRDSTOOCK

Sulphur content (%o wt) 1.23
Nitrogesr contesit (pprnwt) 85
Mono aromatics (% wt) 16.6
Di-aromartics (%o wt) 11.1
Di+-aromatics (%o wt) 0.7
Total aromatics (%o wit) 28.4

Simulated Distillation
ASTM-ID 86

Initial Boiling Point 180

5%6 Volime (7 C) 220
10%06 Volume (7 C.) 233
20%6 Volume (< C.} 250
30%6 Volhiime (7 C) 262
40% Volume (¢ C.) 273
50%% Volume (¢ C.) 284
60%0 Volume (¢ C.) 295
70% Volume (¥ C.) 307
0% Volume (¢ C.) 321
O0% Volume (¢ C.) 341
O5%% Volume (» C.) 345
Final Boiling Point (= C.) 354

The catalysts were tested under the two conditions shown
in Table 4.

TABLE 4
Presulphiding Condition 1 Condition 2
Temperature (7 C.) 315 315 340
Pressure (bar) 45 45 20
H2 to oil ratio (NI/1) 200 200 200
LHSYV (1/h) 3.0 1.5 1.5

Diesel Test Procedure ID3

The catalyst was loaded into the reactor in a manner analo-
gous to what is described in ID1. Before being tested the
catalysts were presulphided via liquid phase presulphiding
wvsing the feed described below in Table 5 which had been
spiked with dimethyl disulfide to a total sulfur content of 3.7
wit. 2. The presulphided catalysts were then tested in the
hydrotreating of a diesel feedstock having the properties
shown in Table 5: '

TABLE 5

GAS OIL FEEDSTOCK .

S (wt. 20) 1.2
N (ppiriwt) 84
total aromatics (wt. 20) 27.8
polynuclear aromatic (PINA) (swt. 20) 11.7
mono-aroimatics (wit. %) 16.5
di-aromatics (wt. 26) 10.8
tri+-aromatics (wt. %u) O.8

Simulated distillation ASTM-D 86

Initial boiling point : 184 C.

5 vol. 2% 218° C.
10 vol. 26 231° C.
30 vol. 2% 265° C.
50 vol. 2 287 C.
70 vol. % 310% C.
90 vol. 2 3457 C.
I“inal boiling point 374 C.
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The catalysts were tested under the two conditions shown
in Table 6:

TABILE 6
Presulfiding Condition 1 Condition 2
Temperatmre (7 C) 320 330 340
Pressure (bar) 40 40 20
H2 to oil ratio (NI/1) 300 300 300
LHSV (1/h) 3.00 2.00 1.50

Tiesel Test Procedure TO4

The catalysts were tested as described in D3, except for
another space velocity in the 172 condition.

Presulfiding Condition 1 Condition 2
Temperature (° C.) 320 330 340
Pressure (bar) 40 40 20
H2 to oil ratio (NI/1) 300 300 300
LHSV (1/h) 3.00 1.50 1.50

Piesel Test Procedure 125

The catalyst was loaded into the reactor in a manner analo-
gous to what is described in 1D1. Before being tested the
catalysts were presulphided via liquid phase presulphiding
using L.GO feed described below in Table 7 which had been
spiked with dimethyl disulfide to a total sulfur content o' 3.7
wt. 2. The presulphided catalysts were then tested in the
hydrotreating of a diesel feedstock having the properties
shown in Table 8:

TABLE 7

GAS OIL FEEDSTOCK

S (wt. 26) 1.1969
N (ppimwt) 102

total aromatics (wt. 20) 28.3
mono-aromatics (wt. %6) . 16.5
di-aromatics (wt. %0) 11.0
tri+-aromatics (wt. 20) 0.8

Simulated distillation ASTM-D &6

Initial boiling point
5 vol. 2o

10 vol. 26

30 vol. %o 261~

50 vol. 26

70 vol. %o

QO vol. 26 .

Final boiling point 372 C.

The catalysts were tested under the two conditions shown
in Table 8:

TABLE 8
Presulfiding Condition 1 Condition 2
Temperature (¢ C.) 320 320 340
Pressure (bar) 45 45 20
H2 to il ratio (NV/1) 200 300 300
LHSV (1/h) 3.00 ' 3.00 1.50
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CLAIMS

1. A process for making a bulk catalyst comprising nickel tungsten metal oxidic

particles, the process comprising the steps of:
(M combining nickel and tungsten in water to form a slurry,

(i) reacting the nickel and tungsten at a temperature above 100° C. and a
pressure above 1 bar, whereby the nickel and tungsten remain at least
partly in the solid state during the entire reaction to form the nickel
tungsten metal oxidic particles, and

(i)  forming the bulk catalyst from the nickel tungsten metal oxidic particles.

. The process according to claim 1, wherein the molar ratio of tungsten to nickel is
~ between 0.2 and 1.5.

. The process according to claim 1 wherein the bulk catalyst so produced has a
metastable hexagonal structure having an X-ray diffraction pattern with a single
reflection between 58 and 65° (diffraction angle 20) and main reflections between
32 and 36° and between 50 and 55°.

. The process according to claim 3 wherein the main reflections have a full width at
half maximum (FWHM) of less than 2.5°.

. The process according to claim 1, wherein the slurry comprises nickel in the form
of carbonate or hydroxy-carbonate having a surface area of at least 150 m?/g.

. The process according to claim 1, wherein a Group V metal is combined with said
nickel and tungsten to form said slurry, wherein the amount of the Group V metal
(relative to 45 tungsten) is between 0.1 and 10 mole %.
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