A BULK CATALYST COMPRISING METAL OXIDIC PARTICLES OF GROUP VLAND Vil AND
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A PROCESS FOR THE MANUFACTURE THEROF

The invention relates to.a bulk catalyst comprisiag metal oxidit: pa vicles comprising one or.
more Group VIB metals and one or more Group Vil metgfs, to the corresponding.
sulphided catalyst, to a process for the manufacture of said by catalyst and to the use of
said catalyst for the hydrotreatment, in particular the ,hydrodesulphunsatnon ‘and
hydrodenitrogenation of hydrocarbon feedstock. ‘

The bulk catalyst according to the invention usually is i :the form of shaped particles, for
example produced by extrusion of a composmon com _ 'tsmg the metal oxidic partlcles and
0 - 40 wt% (relative to the total weight of the bulk ”atalyst) of an addttlonal material, in

. particular a binder material. A bulk catalyst is distif gutshed from a supported catalyst in

that it does not comprise a preformed carrier mat' ial. The metal oxides are not deposited
on the preformed carrier material, but are pr bent as metal oxidic particles. The bi.ll_k
catalyst is further distinguished from supp ried ‘catalysts in that the bulk catalyst
comprises at least 60 wt% of metal oxidic p: ficles (Wt% calculated on the basis of metal
oxides relative to the total weight of the b' v catalyst) whereas supported catalysts have
metal ox:des deposited on a support ma 'nal in amounts signifi cantly Jess than 60 wt%
The metal oxidic partlcles typically comprise one or more Group VlB metals, preferably
tungsten or molybdenum, and one or ghore Group V1| metals preferably mckel or cobalt.
The bulk catalysts generally have a vgry hlgh actlwty in hydroprocessmg

The term “hydroprocessing or hy otreatment” in this context encompasses all processes '
in which a hydrocarbon feed j§ reacted with hydrogen at elevated temperature and
elevated p'ressyre, including pgrocesses such as hydrogenation, hydrodesulphurization,

. hydrodenitrogenation, hydrodemetallization, hydrodearomatizatlon,, hydroisomerization,

30

hydrodewaxing, hydrocrackjhg, and hydrbcracking under mild présst:re conditibns, which
is commonly referred to ag mild hydrocracking. Hereafter, when referring to a high activity
of the bulk catalyst acqbrding to the invention, in particular the hydrodesulphurization
activity is implied unlesy otherwise indicated. '

WO 00/41810 desgribes bulk catalyst compositions comprising bulk catalyst particles
ft one group VHI metal and at least two group VIB metals (hereafter
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referred to as trimetallic bulk catalysts), in particular nickel/molybdenym/tungsten based
catalysts. The trimetallic bulk "catalyst particteé are prepéred in a pfocess in which the
metal components are combined in the pfesence of a protic liquig and wherein one or
more metal components remains at least partly in the solid state d ring the entire process.
The process wherein some of the compounds remain at least pagiy in the solid state while
others are dissolved is referred to as the solid-solute procesg. The process wherein all
group VIB and the group Vill metal components remain at le fst partly in the solid state is
referred to as the solid-solid process. The 'pateht publ; ation also describes in the
comparative examples a bulk catalyst comprising one grot » Vill'metal and only one group
VIB metal (hereafter referred to as bimetallic bulk catal 't)'pr'eparéd with the solid-solute

process.

. Aithough WO 00/41810 describes wide ranges for thfe metal molar ratio, in the examples it

is described that increasing conversion of thg starting compounds is obtained at
increasing group Vill over group VIB meté_l’ molar ratio. In particular, acceptable
conversions are achieved only at a metal mglar ratio above 1.25. The inven_foks have
further found that in this process at a meta)/ molar ratio bélow 1a cbmpletely different
crystal structure was obtained that was ngh active, possibly related to non- or partially

reacled starting materials giving fow surfa '/e area phases with low activity. It appears that |
a relatively large molar excess of groug/ VIl compound appears to be necessary in the
process for the preparation of the catglyst in order to obtain an acti\)e catalyst. From a
theoretical point of view it is believed/that such large amounts group VIl metél, although
advantageous or even necessary in the process of the prepafation of the catalyst, may not
or not fully be necessary in the jactive sulphided bulk catélyst in hydrotreatment of a
hydrocarbon feedstock. Further,/the inventors believe that a too high metal molaf ratio

would only add useless weight #nd reduces the activity per unit weigh_t of the bulk catalyst.

The object of the invention ifto provide a bulk catalyst having a higher catalytic avctivi’ty.A A
further object of the inventjon is to provide a bulk catalyst having a high catalytic activity in
particular so at reduced group Vil over group VIB metal molar ratio. '

According to the invéntion there is provided a bulk catalyst comprising metal oxidic
particles comprising/one or more Group VIB metals and one or more Group VIiI metals

obtainable by a prgfcess comprising the steps of
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. temperature is above the boiling temperature of the y

i) combrnlng ina reactron ‘mixture one or more first compounds Lomprising one or
more Group VIl metal and one or more second compoundy comprising one or
more Group VIB metals in the presence of a protic liquid, wherein the Group Vill
metal to Group VIB metal molar ratio is between 0.1 and 5 gnd, A

i) reacting the compounds in hydrothermal conditions at/a reaction temperature
above the boiling temperature of the pro'ric liquid to form/metal oxidic particles.

With boiling temperature is meant the boiling temperature _a' atmospheric pressure. It was
surprisingly found that the catalyst according to the ihventi has a much higher activity, in
particular in hydredesulphurisatidn; compared to th .
atmospheric non-hydrothermal conditions and even at gflower metal molar ratio. The term
“hydrothermal conditions” is meant to imply' reactigh conditions wherein the reaction

same catalyst prepared in

give rise to a pressure above atmospheric pressyfre and then the reaction is preferably
performed in an autoclave, preferably under autg genic pressure, that is without applying
additional pressure. An autocleve is a device cApable of withstanding pressure .desighe'd
to heat liquids above their boiling temperature./ » ' '
US 2004/182749 desbribes in some ex_f ples a preparation in an autoclave under
pressure-vvat 80 °C, .but not at a temperatufe above the boiling point of the protic liquid. It is
further noted that prior art WO00/41810 discloses broad temperature ranges from 0 to
300 °C and mentions in general ter _s a possibility to prepare catalysts at a pressure
above atmospheric pressure and at ¢ reaction temperature above the boiling temperature
of the protic liquid. WO00/41810 hbwever mentions that generally the reaction is carried
out at atmospheric pressure and .

to the invention wherein ‘the petal compounds are actually reéct_ed in hydrothermal

fas no examples or description of bulk catalyst according

~conditions in an autoclave at afeaction pressure above atmospheric pressure and, in case
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of water as protic liquid, at g/temperature above 100 °C to form metal oxidic particles. In
particular, the relation between the metal molar ratio, the hydrothermal reaction process

c activity of the catalysts obtainable by said process are not

and the improved catal
described. '

In the bulk catalyst #ccording to the- invention, the group Vill to Group VIB metal molar
ratio can in princjple vary between wide ranges, for example between 0.1 and 5.
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When the Group Vil to Group VI metal molar ra

" have a too high group VIii excess. Furthef.

Generally good results can be obtained with a metal molar ratio betw_'_ 0.2 and 4. In this
range two different sub-ranges were distinguished. In the metal molarfatio range between
0.2 and 1 it often appeared difficult if not ifnpossible to obtain a ggod catalyst when the
first and second metal compounds are reacted in atmospheric prg/ssure conditions (good
and better in this context mean: a bulk catalysts with high or highler hydrodesulphurisation
or hydrodenitrogenation activity than the prior art). In this metal/molar ratio range the XRD*

~ pattern showed a large number of peaks, possibly originajing from raw materials still

present and/or unidentified compounds formed. A catalyst Having such XRD pattern was
found to be inactive. It was surpnsmgly found that, when e metal. mole ratno is between
0.2 and 1, a good bulk catalyst could nevertheless be obtf lned when the reactlon between
the first (Group VIll) and second (Group VIB) metal cgfnpounds takes place according to
the invention in hydrothermal conditions at a pressure higher than 1 bar and at T>100°C.

is above 1, an active catalyst can be
prepared under atmospheric reaction’ conditions/ however also ‘in this metal molar ratio
range the bulk catalyst according to the invenifon has a higher activity than the prior ann't‘
bulk catalyst with the same metal molar ratig/ As described above. it is not desirable to
/it was found that in hydrothermal reaction

conditions the additional effect of a highef metal molar ratio levels off, the metal molar -
ratio in hydrothermal conditions is preferhbly lower than 1.5, more preferably lower t_han '

1.25, even more preferably lower than 1/15 and most preferably below 1.

The Group Vill to Group VI metal/ motar ratio can be chbsen lower in hydrothermal

conditions. Alternatively, the activity'can be higher at the same metal molar ratio. The bulk

catalyst according to the inventigh preferably has an increase in hydrodesulphurisation

activity, compared to a catalyst/with the same composition but produced in atmospheric

* . conditions, of at least 10%, pgeferably at least 15%, more preferably at least 20%, even

more preferably at least 25% and most préfefably at least 30% (the hydrodesulphurisation
activity as determined in fhe standard test described below in the description of the
examples according to tjie invention). Alternatively, the bulk catalyst according to the
invention preferably has/at least 10%, more preferably at least 15%, even more preferably
at least 20% and mos} preferably at least 25% lower metal molar ratio whilst maintaining
an equal or higher hfdrodesulphurisation activity level. Preferably, in view of achieving a

high activity in thes¢ hydrothermal conditions the group Vil to Group VIB metal molar ratio
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is more than 0.3, preferably more than 0.4, more preferably more t

protic liquid.

n 0.5, even more

preferably more than 0.6 and most preferably more than 0.7.

For many reasons water is the best choice for the protic fiquid/ However, other protic

_liquids are not excluded and therefore the “hydrothermal redction conditions” in this

context is intended to also cover reaction conditions using a pyotic liquid other than water

_ at temperatures above the boiling temperature of the protic jlquid, typically at a pressure
- above atmospheric pressure. The reaction temperature prefferably is at least 10%, more

preferably at least 25%, even more preferably at least 50fk, and most preferably at least
75% higher than the boiling temperature of the protic flquid. The reaction is preferably
done in water as the protic liquid at a reaction temperhture of at least 110, preferably at
least 125, even more preferably at least 150, and most preferably at least 175 °C

preferably in an autoclave preferably under autogenit elevated pressure. Good results can

be obtained at reaction temperatures between/110°C and 170°C." In a preferred
embodiment of the invention the reaction mixtjre is heated with microwave radiation.

Solute components in the reaction mixture may increase the boiling temperaturé of the

The reaction time is chosen sufficiently lofg to sUbstantially complete the reaction. . The
reaction ié complete when the x-ray diffrActogram of the separated metal oxidic particles
does not show reflections of the unreagfed starting compounds. In any case, the reaction
time is chosen such that the final bulk £atalyst after drying, shéping and célcining does not
show reflections of the unreacted stafting compounds. Typically, the reaction is carried out
for a time of at least 2 hours, prefefably at least 4 hours, more preferably at least 6 hours
and most preferably at least 8 ho Irs. A particular advantage of the -hyc_irothermal reaction

process is that reaction speed Af the metal compounds is higher such that the reaction

" _ean be completed in a shorter feaction time. This is advantageous especially when a low

Group VIl to Group VI metal/molar ratio is wanted because a low metal ratio was found to

 reduce the reaction speed during the preparation.

The metal composition it the bulk catalyst according to the invention may in principle vary
between wide ranges/as described in the prior art for conventional hydrotreatment
catalyst. In one embogfliment, the bulk catalyst comprises metal oxidic pérticles comprising
preferably only onefgroup VIl metal, preferably cobalt or nickel, and substantially only 2
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group VIB metals, preferably tungsten and molybdenum (a trimetallic talyst). in another
embodiment, the bulk catalyst is a bimetallic. catalyst comprising gnly one group VIB
metal. Preferably, the bulk catalyst cemprises metal oxidic /particles comprising
substantially only one group VIill metal, preferably. nickel, and supstantially only 1 group
VIB metal, preferably tungsten. A bimetallic bulk catalyst can foe distinguished from a
trimetallic catalyst in that it comprises less than 10 mole % of A second group VIB metal
(relative to the total amount of Group VIB metals) but prefer, 'bly comprises substantially
only one Group VIB metal. The term “substantially only one. | roup VIB or group Vill metal” -
implies that the catalyst most preferably has no other 'ut may have an msubstantlal
amount of another Group VIB or group Vil metal, prefer : bly less than 5, more preferably

fess than 3 and most preferably less than 1 mole % (r_' ative to the total of the group VIB

or group Vill metals). -

In an alternative embodiment, the buik cataly»st' cerding to the inve'ntion comprises a
Group V metal, preferably Niobium. it was founfl that a significant activity improvement
could be obtained even with relatively small'amounts between 0.1 and 10 mole %,
preferably between 0.1 and 9 mole %, more preferably between 0. 1and 8 mole %, even
more preferably between 0.1 and 7 mole % and most preferably between 0.1 and 5 mole
In the first step of the process for prepafing the bulk catalyst according to the invention the
reaction compounds are combined tf form a reaction mixture. This can bé done in a
variety of different ways as for exapfiple described in WO 00/41810 WO 99/03578, WO
2004/073859, WO 2005/005582, FP2005/004265 (not prepublished) and WO 00/41811. '
The first and/or second compounf s can be soluble or at least partly insoluble in the protic

liquid. It is possible to first preplare a suspensmn or solution of a metal compound in the

" ‘protic fiquid and to add, simyftaneously or one after the other, solution(s) and/or further

suspension{s) comprising dj solved and/for éuspended metal cempbund(s) in the protic
liquid. It is also possible t¢f first combine solutions either Simultaneously or one after the
other and to subsequently add further suspension(s) and.optionally solution(s) either
simultaneously or one after the other. o

The bulk catalyst acfording to the invention is preferably prepared in a process wherein
the one or more firgt metal compounds and/or the one or more second metal compounds,
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- metal is tungsten, an X-ray diffraction pattern

most preferably all first and second metal compounds, remain at leé_ partly in the solid
state during the entire reaction. This process is relatively simple, hag a high yield and is
environmentally friendly, but most importantly the bulk catalyst obtajhable by said process
was found to be highly active. The ferm "at least partly in the s id state" means that at
least part of the metal compound is present as a sofid metal g mpound and, optionally,
another part of the metal compound is present as a solution of fhis metal compound in the
protic liquid. This process is referred to as the solid-solid procgss and is described in detail
in WO 00/41810 as one of several possible preparation 'ro_' tes to prepare trimetallic bulk

catalyst.

It was often observed that the bulk catalyst acéordin Yto this process has a metastable
hexagonal structure. This metastable hexagonal stylicture has, in case the group VIB
A h a reflection between 58 and 65
(diffraction angle 2 theta) and main reflections bgtween 32 and 36 and between 50 and
55°. In case the group VIB metal is Molybdenunf, the X-ray diffraction pattern shows two
reasonably well-resolved reflections, one betwken 33 and 35, the other between 58 en
61°. The presence of the metastable hexago fal phase appéared to be indipativé of a high
catalytic activity of the oxidic bulk catalyst,‘_ ithough there is no strict .quantitétive relation
found. Because the physical reasons for tffe correlation are not fully understood or known
and the ‘inventors do not wish to be pound and limited by theoi‘y, the bulk catalyst
according to the invention is claimed vfithout reference to the described X-réy diffraction
features relating to the presence of & metastable hekago‘nal' phase. it is preferred that
reflections of other crystalline comppunds are substahtially absent in the X-ray diffraction
pattern. It is considered that amofphous phases may also be presént. However, it was
found that catalysts having a good activiiy typically had full width at half maximum
(FWHM) below 2.5 indicating that amorpﬁous phases and associéte_d ‘broad XRD peaks
are not good for activity. '
it was found that the metaf oxidic particles in the bulk catalyst according to the invention
are particularly sensitive/ to heat treatment. It is irhportant that the bulk catalyst, in
particular the metal oxfdic particles in the bulk catalyst, have been heat treated at a
temperature below a {émperature where transition to a crystalline structure occurs. When
in this context referefice is made to “transition to a crystalline structure”, a crystal structure
other than the mefastable hexagonal phase is meant. This applies fo any and all heat
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- the basis of metal oxides relative to the totalv‘-'

_ amounts _significantly less than 60 wi%. }

treatment steps in the production process of the bulk catalyst. This applies in particular
also to heat treatment of shaped bulk catalyst particles after compogiting and shaping.
Préferably, the bulk catalyst is heat treated below 450 °C, more preferably below 400°C,
even more preferably below 375°C and most preferably be!ow 350°L. This applies also to

drying and calcination.

_ After the reaction step, the metal oxidic particles preferably hgle a median particle size in

more preferably, the median particle diameter lies in tife range of 1 - 150 ym and most
preferably in the range of 2 - 150 pm. Preferably, t e median particle size of the metal
’oxfdic particles remains substantially unchéngéd int fe bulk catalyét after compositing with
a binder material and shaping (determined by NearfForward Scattering).

The bulk catalyst comprises at least 60 wt% o ‘Ar'netél oxidic. particies (wt% calculated on
\ #eight of the bulk catalyst) as distihguished
from supported catalysts that have metal/oxides deposited on a support material in__.
: referabfy, the bulk catalyst according to the
invention comprises at least 70 wt%, fmore preferably at least 75 wt%, even more
preferably at least 80 wt% and mést pri "ferably at least 85 wt% metal oxidic partic!es, the
remaining 0 to 40 wt% being one or/more materials selected from the group of binder
materials, conventional hydroproces ing catélysis, acidic promoters such as phosphorus
of fluorine and cracking compoupds. Typically, after compositing of the metal oxidic
particles with a binder, the complosition is shaped, preferably extruded, to form shaped

bulk catalyst particles. The ipgfvention also relates to shaped bulk catalyst particles

' bbmprising the metal oxidic pdfrticles. Alternatively, the metal oxidic bulk catalyst particles

can be used directly,' that is without substantial cor_npositing‘ and shaping, in a
hydrotreatment process. This process is referred to as a slurry hydrotreatment process.
For this use, the particles are preferably treated to obtain a narrower particle size
distribution, for example/ by sieving orégglomerating, but without substantial compositing
and shaping. The invgntion also relates to the use of metal the catalyst according to the
invention in a slurry/hydrotreatment process, preferably using metal oxidic bulk catalyst

particles without sybstantial compositing and shaping.
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- angle: 140°).

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 prgferably of at least 50
m?/g, and most preferably of at least 80 m%g, as measured via jhe B.E.T. method. The
median pore diameter (50% of the pore volume is below said Miameter, the other 50%
above it} of the bulk catalyst preferably is 3 - 25 nm, mgre preferably 5 - 15 nm
(determined by N2 desorbtion). The total pore volume of thebulk catalyst preferably is at
least 0.05 ml/g and more preferably at least 0.1 ml/g, as detgrmined by N2 adsorption.

It is desired that the pore size distribution of the bulk ¢ alyst according to the invention,
preferably after compositing and shaping, is appjoximately the same as that of
conventional hydroprocessing.catalysts. More in partigular, the bulk catalyst preferably has

: (d‘esorption) median pore diameter of 3 - 25 nm, ag/ determined by nitrogen adsorption, a

pore volume of 0.05 - 5 mi/g, more preferably of
3 ml/g, and most preferably of 0.1 - 2 mi/g, as defermined by nitrogen desorption, -

Y1 - 4 mi/g, still more preferably of 0.1 -

Generally, the bulk catalyst according to the‘?'. vention after compositing and shvéping has
a mechanical strength, expressed as side ush strength (SCS), of at least 1 Ibs/mm and
preferably of at least 3 lbs/mm (measured_v n extrudates with a diameter of 1 - 2 mm). The a
SCS of the bulk catalyst-can be adequately increased by composifing the metal oxidic
particles with a sufficient amount of binger. ' -

To obtain catalyst compositions with/high mechanical strength, it may be desirable for the
catalyst composition of the inventjon to have a low macroporosity. Preferably, less than
30%, more preferably less than :O%of the pore volume of the catalyst composition is in
pores with a diameter higher Ahan 100 nm (determined by mercury intrusion, contact

The invention also relates o a sulphided bulk catalyst combrising a bulk catalyst according
to the invention, which hefs been sulphided. The invention further also relates to the use of
the bulk catalyst or/sulphided bulk catalyst according to the invenﬁon for the
hydrotreatment of a Jiydrocarbon feedstock. The term “hydroprocessing” in this context
encompasses all pjocesses in which a hydrocarbon feed is reacted with hydrogen at
elevated temperat_‘re and elevated pressure, including processes such as hydrogenation,
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. feedstocks are, e.g., middle distiflates, kero, naphtha, vacu
~oils. The bulk catalyst according to the invention capp be used in virtually all
~ hydroprocessing processes to treat a plurality of feeds/ under wide-ranging reaction

10

hydrodesulphurization, hydrodenitrogenation, hydrodemetaliization, hy_d dearomatization,
hydroisomerization, hydrodewaxing, hydrocracking, and hydrocr 'king undef mild
pressure conditions, which is commonly referred to as mild hydrocfacking. The catalyst
composition of the invention is particularly suitable for hydrptreating hydrocarbon
feedstocks. Such hydrotreating processes comprise, e.g.,/ hydrodesulphurization,
hydrodenitrogenation, and hydrodearomatization of hydrocarfon feedstocks. Suitable
gas oils, and heavy gas

conditions, e.g., at temperatures in the range of 200° o 460°C, hydrogen preésures in the
range of 5to 300 bar, and liquid hourly space velocities (LHSV) in the range of 0.05 to 10

h” and Hzloﬂ ratios in the range of 50—2000 N/I.

Apart from the hydrothermal conditions and the infiplications regarding' the Group VI to
Group VI metal molar ratio the bulk catalyst mfinufacturing can be done according to

processes known in the art. Suitable processes are for example described in WO
- 00/41810, which is herewith incorporated by reference. ‘

The invention also relates to a process for the manufacture of the bulk catalyst according

o the invention comprising metal oxidic pgiticles obtainable by the steps of;

iy combining in a reaction mixturg one or more first compounds compnsmg one or
more Group VIl metal and ¢ghe or more second compounds comprising one or

mofe Group VIB metals in {he presence of a protic liquid, wherein the Group Vil

metal to Group VIB metal fnolar ratio is between 0.1 and 5 and

ii) reacting the compoundy/in hydrothermal conditions at a temperature aboVe the
boiling point of the profic liquid, pfeferably in an autoclave at a reactio_n pressure

above atmospheric pfessure, to form metal oxidic particles,

iy  separating the mefal oxidic particles from the reaction mixture,

iv) compositing thg/ metal oxidic particles with 0.1 to 40 wt% of one or more
materials selgcted from ‘the group of binder materials, conventional
hydroprocessing catalysts, cracking compounds, acidic additives or mixtures
thereof befbre, during or after the combining andfor reacting of the metal

compoungs,
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V) spray-drying, (flash) drying, milling, kneading, slurry-mixing,_d or wet mixing, or
combinations thereof,

vi) shaping,

vii) - drying and/or thermally treating, and '

viii) sulphiding. '

Further preferences and detail regarding the hydrothermal ¢ hditions and th_e Group VI
to-Group VI metal molar ratio are described above in the degtription of the‘bulk catalyst.

Step (i) _ .
The protic liquid to be applied in the process of the"p"esent invention can-be any protic
liquid. Examples are water, carboxylic acids, and é_l / hvols;suchf‘a's' methanol, ethanol or

. mixtures thereof. As the protic liquid in the proces df the presé‘nt invention breferably a

liquid is used that comprises water, such as mixf res of an alcohol and water and more
preferably water. Also different protic liquids canjbe applied simultaneously in the process
of the invention. For instance, it is possible /add a suspension or solution of a metal

~ compound in ethanol to an aqueous susper‘x'ion/solution, of anotvhe‘rvmetal corﬁp_ound. If

the protic liquid is water, the solubility of the/ Group VIl metal compounds ‘and Group VIB
metal compounds which are at least parfly in thé solid state during the process of the
invention generally is less than 0.05 mol/f100-ml water at 18°C). -

in the preferred process, both the first/and second metal cofnpbunds remain at least partly
in the solid state during the entire réaction (the solid-solid process). If the protic liquid is
hich are at least partly in the solid state during the

water, suitable nickel compounds
referably consist essentially of, oxalates, citrates,

reaction comprise, and more
carbonates, hyd!oxy~carbonate , hydroxides, molybdates, phosphates, tungstates, oxides,

" . ‘or mixtures thereof, with nickgl hydroxy-carbonate, nickel hydroxide, nickel carbonate, or

mixtures thereof being mosf preferred. Generally, the molar ratio between the hydroxy
groups and the carbonate groups in the nickel hydroxy-carbonate lies in the range of 0 - 4,
preferably 0 - 2, more pfeferably 0 - 1 and most preferably. 0.1 - 0.8. Suitable tungsten
compounds which are gt least partly in the solid state during the process of the invention
comprise water-insoluple tungsten compounds, such as tuhgsteh di- and trioxide, tungsten
sulphide (WS, and JNS;), tungsten carbide, ortho-tungstic acid (H2W04*H20), tu-ngsten

nitride, aluminium fungstate (also meta- or polytungstate), ammonium phosphotungstate,
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or mixtures thereof, with ortho-tungstic acid and tungsten di- and tridx' e being preferred.
Preferably, the reaction between the first and second metal compgund is an acid/base
reaction and the first or second metal compound is a basic solid and the other metal

compound is an acidic solid compound.

In the most preferred embodiment of the process according t /the invention, the first and
second solid metal compound are free from nitrogen atoms ghd the protic liquid separated
from the reacted metal oxidic particles in step iil) is re-u" d at least in part to form the
-slurry in step i). Most. preferably, in this process the :f st metal. compound is a nickel

(hydroxy) carbonate and the second metal compound is ungs'ﬁc oxide or acid.

For several reasons, this process meets the highesf standard of environmentally friendly

.and economically optimal catalyst production. part- from ihe fact that the metal

compounds do not contain nitrogen atoms, also'. e reaction does not require addition of
E in WO 2004/073859, so the process is
entirely free of nitrogen atoms. There is no Accumulation of afien ions like ammonium

ammonia to the reaction mixture, as for examp

and/or nitrate in the protic liquid on repeated/recycling, there is no strict need for washing

" the obtained separated oxidic particles, lé s environmental hazard because of reduced

loss of precious metals and there is no dafiger of explosions due to ammonium nitrate salt

formation.

In view of environmental issues, pr¢ferably the cataiyst is bimetallic, preferably Nickel
tungsten; the chemistry in the reacfion step is simpler, becé_use there is only one group
VIB metal there can be no compgsition drift in the group VIB metals on recycling of the
separated liquid after reaction. Bgcause the compounds remain at least partly solid during
the entire reaction the amount 6f metals dissolved in the protic liquid is small and hence

. losses are smaller. Furthermgre, the spent bimetallic catalyst is easier to recycle to the

constituent metals than the frimetallic ca’talyst because there is no need to separate two
group VIB metals, which /s very difficult. Conventional processes for the separation of
nickel and tungsten can/be used. This is advantageous in.terms of reduced recycling

process complexity, cogts and increased metal recovery yield.

To obtain a final catdlyst composition with high catalytic activity, it is preferred that the first

and second solid jhetal compound(s) are porous metal compounds. For the first metal
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A > 220 m¥g, the
the median pore

compound, preferably Ni hydroxy carbonate, the surface area (SA):_"
pore volume pV > 0.29 cm®/g (as measured by N adsorption), a
diameter MPD > 3.8 nm (as 'measured -by N desorption)and fgr the second metal
compound, preferably tungstic acid, SA > 19 m%g, pV > 0.04 cnyf/g (as measured by N
adsorption), desorption MPD > 6.1 nm (as measured by N desgrption). It is desired that
the total pore volume and the pore size distribution of these m ftal compounds are similar
to those of conventional hydroprocessing catalysts. Preferably/ the pore volume is 0.05-5

mi/g, preferably of 0.05 - 4 ml/g, more preferably of 0.05 /3 mlig, and most preferably

0.05 - 2.ml/g, as determined by mercury or water porosi efry. Further, the surface area

preferably is at least 10 m?g, more preferably of at leasy 20 m%g, and most preferably at
least 30 m2/g, as determined via the B.E.T. method. ~ /

- The median particle diameter of the first and second/solid metal compound(s) preferably is

in the range of at least 0.5 pum, more preferably gt least 1 um, most preferably at least 2
pm, but preferably not more than 5000 um, mor 'preferab'ly not more than 1000 pm, even
more preferably not moré than 500 um, and m '-;i;t pféferably not more than 150 pm. Even
more preferably, the medﬁan particle diamef‘r lies in the range of 1 - 150 pm and most
preferably in the range .of 2- '150 pum .A"s determined by near forward scattering).
Generally, the smaller the particies size of thé metal compounds, the higher their
reaétivity. Therefore, metal compounds With particle sizes below the preferred lower limits
are in principle a preferred embodim Int of the present invention. However, for health,
safety, and environmental reasons, fhe handiing of such small particles requires special

precautions.

Step (ii)

ADuring' and/or after the additip of the metal compounds, the slurry is kept at the reaction
* temperature for a certain peglod of time to allow the reaction between the compounds to

take place. In general, the ep of slurrying and combining the raw materials is not critical,
providing that a sufficient gmount of solvent is present to ensure that the slurry can be well
stirred. Moreover, in casg 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 mjaterials are combined. A person skilled in the art should be able {o

choose suitable cgnditions.
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Generally, the slurry is kept at its natural pH during the reaction step. owever, also basic
material may be added to increase the pH, as described in WO Z004/073859, where
ammonium is added. The pH preferably is in the range of 0 - 12,

range of 3~ 9, and even more preferably in the range of 5 - 8.

The parameters that are important for the performance of th /bulk catalyst according to
the invention, in par’ticulaf the reaction temperature and presgure, the Group Vil to Group
Vi metal molar ratio, the hydrothermal reaction conditiofs and the reaction time are
described above in more detail in the description of the pulk catalyst. As d_escribed it is

required in the process according to the invention that, hen the Group V1 to Group VI 7‘
metal molar ratio is between 0.2 and 1, the reaction is done under hydfothe'rrﬁal conditions
at a feaction temperature above 100 °C and a pressyfe higher than 1 bar. When the metal

- mole ratio is above 1, the catalyst obtéined can algo be advantageously produced under

hydrothermal conditions in order to be able achigle higher activity or to use lower nickel

molar ratio or to react faster.

Step (iiiy _ _ o
After the reaction step, if necessary, the obftained metal oxidic particles can be separated .

from the liquid, e.g., via filtration or spray drying.Aln one alternative embodiment, such a -

small amount of protic liquid is used that no liquid needs to be separated from the solid
reaction product. The wet reaction /product can directly _be' shaped after optional
compositing with additional material gs defined below and then dried. For the separation
of the metal oxidic particles in pringlple any solid-liquid separation techniqde can be used.

The separation can be done befgre or after being composited with. additional materials. |
After solid-liquid separation, opfionally, a washing step can be included. Further, it is

possible tb thermally treat thef/bulk catalyst after an optional solid-liquid separation and

‘ drying step and prior to its befhg composited with the additional material.

Step (iv) .
If so desired, an addjfional material selected from the ~group of binder 'maten'als,
conventional hydroprogessing catalysts, cracking compounds, or mixtures.thereof can be
added during the abgve-described preparation of thé metal oxidic particles or to the metal
oxidic particles aftef their preparation. Preferably, this additional material is added to the

slurry after the pr_‘ paration of the metal oxidic particles and prior to the separation step,
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- thereof. Preferred binder,

but in any case prior to the shaping step. It is mostly added after the_é paration from the
liquid in the mixing/kneading step. Examples of other additional mafterials that can be
composited with the metal oxidic particles |n the catalyst according/to the invention are
described in WO 00/41810.

In all the above-described process alternatives, the term "co! / ositing the bulk catalyst

_ with a material" means that the material is added to the bulk cgtalyst or vice versa and the
* resulting composition is mixed. Mixing is preferably done in jhe presence of a liquid ("wet

mixing"). This improves the mechanical strength of the final/atalyst composition.

Compositing the metal oxidic particles with said additignal material and/or -incorporating

the material during the preparation of the metal oxidi¢/ particles leads to bulk catalysts of

particularly high mechanical strength, in particular if fhe median particle size of the metal

. oxidic particles is in the range of at least 0.5 um/ more preferably at:|east 1 pm, most

preferably at least 2 pm, but preferably not more fhan 5000 pm, more preferably not mdre

than 1000 pm, even more preferably not mofet an 500 pm, and most preferably not more

. than 150 pm. Even more preferably, the med’ n particle diameter lies in the rahge of 1~

150 pm and most preferably in the range of Z- 150 pm.

The 'comb'ositing of the metal oxidic pafticles with the material results in metal oxidic
particles embedded in this material or yice versa. Normally, the morphology of the metal
oxidic particles is essentially maintained in the resulting bulk catalyst.

The binder materials to be applied fnay be any materials conventionally applied as binders
in hydroprocessing catalysts. mples are silica, silica-alumina, such as conventional
silica-alumina, silica-coated mina and alumina-coated silica,  alumina. such as
titania, titania-coated alumina, zirconia, cationic clays or
anionic clays such as éap ite, bentonite, kaolin, sepiolite or hydrotalcite, or mixtures
are silica, silica-alumina, alumina, .titania. titania-coated
alumina, zirconia, bentonjfe, or mixtures thereof. These binders may be applied as such or

after peptization.

Step(v)
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The slurry, optionally comprising any of the above additional materials_fv n be subjected to
spray-drying, (flash) drying, miling, kneading, slurry-mixing, dry for wet mixing, or
combinations. thereof, with a combination of wet mixing and kneading or slurry mixing and
spray-drying being preferred. These techniques can be applied eifher before or after any
of the above (further) materials are added (if at all), after solid- h id separation, before or

after a thermal treatment, and subsequent to re-wetting.

Step(vi) s . .
If so desired, the metal oxidic particle optionally miked wh any of the abové add_iiional
materials may be shaped optionally after step (ii) having Jeen ‘épplied. Shapiﬁg comprises
extrusion, pelletizing, beading and/or spray-drying Ahyi':a'dditives which are cbnventionally
used to facilitate shaping can be added These "ddmves may compnse aluminium

. stearate, surfactants, graphite, starch, methyl cell ’ose bentonlte polyethylene glycols,

polyethylene oxides, or mixtures thereof. If the Ahaping comprises extrusion, beading
and/or spray-drying, it is preferred that the shapir g step is carried out in the presenée ofa
liquid, such as water. Preferably, for extrusion # nd/or beading, the amount of quuid in thé
shaping mixture, expressed as loss of lgmtlo" ’(LOI) is in the range of 20 - 80% (LOI after
1 hour at 600 °C). :

Step (vii)
After an optional drying step, prefer
composition. may be thermally treat

bly above 100°C, the resulting shabed catalyst
| if desired. A therm’él_ treatment, however, is not
essential to the process of the invehtion. As described_ above, a bulk catalyst having a
temperature sensitive metastabl

crystalline structure, are preferalfly heat treated at a temperatﬂrgl below a temperature

hexagonal phase which readiiy transforms to a

talline structure occurs, preferably below 450°C, more
ore preferably below 375°C, most preferably even below
350°C. This thermal freat ent is typxcally done on the final bulk catalysts after
compositing and shaping. flhe heat treating time can vary from 0.5 to 48 hours and is

where such transition to a ¢

done in an inert gas such/as nitrogen, or in an oxygen-containing gas, such as air or pure
oxygen. The thermal treatment can be carried out in the presence of water steam.

present invention may further comprise a éulphidétion step.
Sulphidation gene_' lly is carried out by contacting the bulk catalyst, directly after the
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preparation of the metal oxidic particles or after any one of the furthef_, rocess steps (jii) -
(vii), most preferably after the shaping to a shaped bulk catalyst, with/a sulphur-containing
compound such as elementary sulphur, hydrogen sulphide, DMDS, ¢r inorganic or organic
polysulphides. The sulphidation can generally be carried out Jn situ and/or ex situ.
Preferably, the sulphidation is carried out ex 'situ, i.e. the sulphjdation is carried out in a
separate reactor prior to the sulphided catalyst compositi in being. loaded into the
hydroprocessing unit. Furthermore, it is preferred that he catalyst composition is

sulphided both ex situ and in situ.

A preferred process of the present invention comprises :he" foliowing successive process
steps of preparing the bulk catalyst according to the inyention; contacting and reacting the
first and second compound in a slurry with protic liqyld as described above, slurry mixing
er, isolating the particles via filtration,
wet mixing the filter cake with a material, such ag a binder, kneading; ‘extrusion, drying,

calcining and sulphiding.

The catalysts are characterized using the f(? 'owing methods:

1. Side crush strength SCS

First, the length of, e.g., an extrudatg particle was measured, and then the extrudate
particle was. subjected to compressivZ loading (25 Ibs in _8.6'sec.) by a movable piston.
The force required to crush the partjcle was measured. The brocedure was repeated with
at least 40 extrudate particles and the average was calculéted as force (Ibs) per unit
length (mm). The method prefegably was épplied to shaped particles_ with a length not

exceeding 7 mm.

2. Porosimetry ,
The N2 adsorption measyrement was carried out as described in: Paul A. Webb and
Clyde Orr, "Analytical thods in Fine Particle Technology”, Micromeritics Instrument
Corporation, Norcross,/GA, USA, 1977, ISBN 0-9656783-0-X. Where median pore
diameter MPD is megftioned, we refer to the pore size distribution extracted from the
the nitrogen sorption isotherm according to the BJH method as
, L. G. Joyner, P. P. Halenda; The determination of pore volume and

desorption branch
published: P. Barr
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area distributions in porous substances. I. Computations from nitrogen Asotherms, J. Am.
Chem. Soc. (1951), 73, 373—1‘3"8'0. Total suﬁaee _erea is detemiined by' e BET method: S.
Brunauer, P.H. Emmett and E. Teller, Adsofption of gases in multimglecular layers, J. Am. -
Chem. Soc. (1938), 60, 309-319. '

Mac’ropofe volume determination, typically for pores havir_)g 60ngph or higher pore diameter,
g. Paul A. Webb and Clyde
Micromeritics Instrument

was carried out by mercury (Hg) porosimetry as described in
Orr, “Analytical Methods in Fine Particle 'Techno!ogy \
Corporation, Norcross, GA, USA, 1977 ISBN 0-965678, 0-X. The contact angle used
was 140 degrees. -

3. Amount of added solid metal compounds

_Quahtattve determination: The presence of solid mefal compounds during the process of

the invention can easily be detected by visual inspfction at least if the metal compounds
are present in the form of particles with a diame” r larger than the wavelength of visible
light. Of course, methods such as quasn—elastv, light scattering (QELS) or near-forward
scattering, which are known to the skilled pefson, can also be used to verify that at no
point in time during the process of the invéntion all metals will be in the solute state.

Median particle size was also determined wjth light scattering (near forward scattenng).

Quantitative determination: if the metal fompounds which are added at least partly in the
solid state are added as suspensionfs), the amount of solid metal compounds added
during the p'rocess of the invention ¢ dn be determined by filtration of the suspension(s) to
be added under the conditions which are applied during the addition (temperature, pH,
pressure, amount of liquid), in Auch a way that all solid material contained in the
suspension(s) is collected as sojid filter cake. From the weight of the solid and dried fiter

. cake, the weighf of the solid m¢tal 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 j
subtracted from the weig t 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

lter cake, the weight of this solid and dried binder must be

atomic absorption spegiroscopy (AAS), XRF, wet chemical analysis, or ICP.-
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If the metal compounds which are added at Ieast partly in the solid stat¢ are added in the
wetted or dry state, a filtration generally is not poésible. In this case, th . weight of the solid
metal compounds is considered equal to the weight of the correspongling initially employed
metal compounds, on a dry basis. The total weight of all metal co pounds is the amount
of all metal compounds initially employed, on a dry basis, calculatdd as metal oxides.

The characteristic full width at half maximum of the oxidic cat lysts was deterrf\ined oh the
main reflections in the X-ray diffraction pattern of the catglyst (in terms of 26 scattering
angle). For the determination of the X-ray diffracti ' pattern, a standard powdef
diffractometer equipped with a graphite monochromatof can be used. The measurement

conditions can, e.g., be chosen as follows: X-ray gegerator seftings: 40 kV and 40 mA,

-wavelength: 1.5418 angstroms, divergénce and antfscatter slits: v20 (variable), detector

slit: 0.6 mm, step size: 0.05 (°20), time/step: 2 secghds, Instrument: Brukér D5000.

The invention will be further illustrated by the/ xamples described below. R3 méans é
reaction process wherein both the first and & £cond metal compounds are at least partly.
solid during the reaction. CBD means comi cted bulk density of the catalyst." HT means
hydrothermal reaction conditions. The digsel hydroprocéssing test results are given in
Table 4 wherein RVA and RWA are reldtive volume activity and relative weight activity,
respectively, based on the total cafalyst amount loaded in the reactdr. HDN is
hydrodenitrogenation and HDS is hydgbdesulphurisation. -

The diesel test procedure was pefformed using two different temp'ei’ature and pressure ‘
test conditions 1 and 2. The pos fix 1 or 2 (és for example in RWA1 and RWA?2) refer to
the test cohditiop 1 and 2 respgctively. The RWA HDN1 results are not shown because
the nitrogen levels in the refiction product were all so low that the measurement is
inaccurate and differences etween the samples are too small to identify differences in
catalytic activity between smples. Further, the residual nitrogen and sulphur levels after
the hydrotreatmen't_were etermined and given in Table 6 under column S1, S2 and N2. In
the tests different diesgl test procedures were used indicated as D1, D2 and D3. The
RWA/RVA values of tfle reference catalysts C1 in diesel test procedure D1 and D2 (C1.1
and C1.2 in Table 4) and C2 in diesel test procedure D3 were defined as 100. All other
RWA/RVA values "re calculated relative to this reference catalyst.
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Comparative Experiment C1.1 and C1.2 (Ni1Mo0.5W0.5 R3)
115.2 g of MoOs (0.8 mole Mo, ex. Aldrich), 200 g of tungstic acigf H,WOQ, (0.8 mole W,
ex. Aldrich) were slurried in 6400 ml of water-(suspension A) and Heated to 90°C. 188 g of
nickel hydroxycarbonate 2NiCO;*3Ni(OH),*4 H,O (1.6 mole Af Ni, ex. Aldrich) were
suépended in 1600 ml of water and heated to 90°C (sugpension B). The nickel
hydroxycarbonate used in‘this and the other examples had’_a . E. T. surface area of 239
m’/g. Suspension B was added to suspension A'in 10 mingtes, and the resulting mixture -
was maintained at S50°C for a period of 16 hours (overnighy) with continuous stirring. At the
end of this time, the suspension was filtered. The yield was above 98 %. The obtained
filter cake was dried overnight at 120°C. The obtaine filter cake was wet-mixed with 10
wt% binder, extruded, dried, calcined and sulphided #s described in Diesel test procedure

- D2 (results. C1.2 in Table 6). The extrudates were £rushed and 40-60 mesh fraction was

led and tested using the procedure from
Diesel test procedure D1 (C1.1 in Table 6). ' o

A catalyst having a Ni/W molar ratio of 0.7‘ to 1 was prepared in a manner énalogous to
what is described in C1, except that the refction was carried out under autogenic pressure
in-an autoclave reactor heated with micpbwave radiation at a reaction temperature of 150
°C and that the reaction time was aboylt 6 hours. 1.76 g of Ni carbonate (0.015 moles Ni)
. th 4.99 grams of tungstic acid (0.02 mole W). The
eflon™ vessel of 275cc total volumé and heated at

was added to 100cc of water along
suspension was put into a sealed
10°C/min to 150°C and held at th
sample was cooled to room tephperature and the solid filtered and dried overnight at
120°C. Thé obtained material fvas pelleted, the pellets were crushed and 40-60 mesh

temperature for 6 hours with continuous stirring. The

E fraction was isolated by sievj g. The material was then sulphided and tested using the

30

procedure from Diesel test
catalyst is improved as corfipared to the trimetallic catalyst of C1.1 (Table 6)

rocedure D1. Surprisingly, the performance of the bimetallic

Example E2 (Ni1TW1 R2 HT) 4
as described in E1, except that the Ni/W molar ratio was. 1 to 1
and that the reactigh was carried out under autogenic pressure in an autoclave reactor

heated with micr ; ave radiation at a reaction temperature of 150°C. 2.35 g of Ni
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carbonate (0.02 moles Ni) was added to 100cc of water along with 4 grams of tungstic
acid (0.02 mole W). The suspension was put into a sealed Weflon™/vessel of 275cc total
volume and heated at 10°C/min to 150°C and held at that tempefature 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 pelléted,‘ he pellets were crushed
and 40-60 mesh fraction was isolated by sieving. The ._mater': | was then sulphided and

tested using the procedure from Diesel test procedure D1'._ urprisingly, the performance

of the bimetallic material of E2 is improved as cbmpa_red to fhe trimetallic C1.1.

Example E3 (Ni0.5SW1 R3 HT) A .
A catalyst was prepared as described in E1, except th 't the Nir'ww molar ratlo was 0.5 10 1
and that the preparation was carried out on a largerv scale. 164 5gof Ni. carbonate (1.4

- mole N:) was added to 14 liters of water along with 599.6 grams of tungstlc acid (2.8 mole

W). The suspension was put into a 5-gallon_aufoclave, the autoclave was closed and
heated at 10°C/min to 150°C and held at that’vemperature'for 6 hours with co_ntinubus
stirring. The sampie was cooled to room- te '.jberévture and the solid. filtered - and dried
s wet-mixed with 1 0 Wi% binder, extruded,
in C1 and tested using Diesel test procedure

overnight at 120°C. The obtained material
dried, calcined and sulphided as describe_,
D2.

Example E4 (Ni0.5W0.975Nb0.025 RJ HT) R
A catalyst was prepared as describgd in E1, except that Nb was added to the reaction
mixture, that the Ni to W to Nb fholar ratio was 0.5 to 0.975 to 0.025, and that the
preparation was carried out on a Jarger scale. 164.5 g of Ni. carbohéte {1.4 mole Ni) was
added to 14 liters of water aloglg with 682.5 grams of tungstic acid (2.73 mole W) and
11.19 g of niobic acid (0.07 njoles Nb) (ex. CBBM Industries). The suspension was put
into a 5-gallon autoclave, thefautoclave was closed and heafed at 10°C/min to 150°C and
held at that temperature fof 6 hours with continuous stlrnng The sample was cooled to
room temperature and tfie solid filtered and dried overnight at 120°C. The obtained
material of combined phrallel preparations were extruded {with 10 wt% bmder), dried,
calcined and sulphided as described in C1 and tested using Diesel test ;Srocedure D2.
Surprisingly, the perfbrmance of the Nb containing'material is improved as compared to
the bimetallic catalygt E3 and the trimetaliic catalyst C1.2 (Table 6). A
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Example ES5 (Nif{Mo00.5W0.5 R3 HT) ‘
A catalyst was prepared with Ni to Mo to W. molar ratno 110 0.5 0.5. 2.35 g of Ni
carbonate (0.02 moles Ni) was added to 100cc of water along with/2.5 grams of tungstic
acid (0.01 mole W) and 1.44 g of MoOs (0.01 mole Mo). The sufpension was put into a
sealed Weflon™ vessel of 275¢cc total volume and heated wigh microwave radiation at
16°C/min to 150°C and held at that temperature under autoge /c pressure for 6 hours with
continuous stirring. The sample was cooled ta room temperajure and the solid filtered and
dried overnight at 120°C. The obtained material was pellgted, the pellets Were crushed
and 40-60 mesh fraction was isolated by SIevmg The c_ 'alyst was sulph;ded and tested
using the Diesel test procedure D3.

Comparatlve experlment C2 (Ni1W0.5Mo00.5 R3)

.188 g of nickel hydroxycarbonate 2N|003*3N|( ‘H)2*4 H,O (1.6 mole of Ni) were

suspended in 8000 m of water and the resulting slurry was heated to 60°C. Subsequently
115.2 of MoO; (0.8 mole Mo) and 200 g of tunggfic acid H,WO, (0.8 mole W) were added
and the resulting slurry was heated to 95°C And ‘maintained at thatvtemperatdre for a
period of about 24 hours with continlious stiffing. At the end of this time, the suspension
was filtered. The obtained filter cake was yet-mixed with 10 wt%' of a binder (based on
the total weight of the catalyst compos".ion). The water content of the mixture was
adjusted in order to obtain an extrudable fmix, 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 extrudates were crusheq/ and 40-60 mesh fraction was isolated by sieving.

The material was then sulphided ang/tested using the Diesel fes‘t procedure D3.

Comparative experiment C3 (R¥ Ni1W1, 90)
50.0 g of tungst:c acid H,WO, (¢.2 mole W) was slurried in one hter of water together with
23.5 g of nickel hydroxycarponate 2NiCO;*3Ni(OH)*4. H,O (0.2 mole of Ni). The
suspension of the 2 solids wis heated to 90°C and held at that température for a period of
20 hours (overnight) with gbntinuous stirring. At the end of this time, the suspension was
filtered. The resulting solif was dried at 120°C for 16 hours (overnight). The resulting solid
was pelleted, the pellety were crushed and 40-60 mesh and the fraction was isolated by
sieving. The material fvas then calcined at 300 °C for 1 hour. The material was then

sulphided and tested/using the Diesel test procedure D3.
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Example E6 (Ni1W1 R3 HT125) _ o

The catalyst was prepared under autogenic pressure in an autocfavef/reactor heated with
microwave radiation at a reaction temperature of 125 °C.and reaftion time of about 6
hours. 2.35 g of Ni carbonate (0.02 moles Ni) was added to 100cc #f water along with 4.99
grams of tungstic acid (0.02 mele W). The-éuspension was pyf into a sealed Weflon™
vessel of 275c¢c total volume and heated with microwave radi fion at 10°C/min to 125°C
6 hours with continuous
‘the solid filtered and dried
pellets were crushed and 40-
60 mesh fraction was isolated by sieVing. The material whs then calcined at 300 °C for 1
hour. The material was then sulphided and test_ed'usihg' :he Diesel test procedure D3.

overnight at 120°C. The obtained material was pelleted, tt

The catalyst was prepared under autogenic presé' re in an autoclave reactor heated with
microwave radiation at a reaction temperature #f 150 °C and reaction time of about 6
hours. 2.35 g of Ni carbonéte (0.02 moles Ni) w s added to 100cc of water along with 4.99
grams of tungstic acid {(0.02 mole W). The" ’uspension was put into a sealed Weflon™
vessel of 275¢c total vo!ur_he- and heated wh microwave radiation at-10°C/min to 150°C
and held under autogenic pressure at t_vat temberatufe for 6 hours with continuous
stirring. - The sample was cooled to ro temperature and the solid filtered and dried
overnight at 120°C. The obtained mate {al was pelleted, the pellets were crushed and 40-
60 mesh fraction was isolated by sievfhg. The material ‘was thén calcined at 300 °C for 1

hour. The material was then sulphidefi and tested using the Diesel test procedure D3.

Example E8 (NiTW1 R3 175)

The catalysf was prepared'uhd autogenic pressure in an autoclave reactor heated with

~ microwave radiation at a reag ion temperature of 175 °C and reaction time of about 6

hours. 2.35 g of Ni carbonate/(0.02 moles Ni) was added to 100cc of water along with 4.99
grams of tungstic acid (0.02 mole W). The suspension was put into a sealed Weflon™
vessel of 275cc total vflume and heated at.10°C/min to 175°C and held at that
temperature for 6 hougs with continuous sﬂrﬁng. The sample was cqoled to room
temperature and the sdlid filtered and dried ovemight- at 120°C. The obtained material was
pelleted, the pellets yere crushed and 40-60 mesh fraction was isolated by sieving. The _

material was then falcined at 300 °C for 1 hour. The material was then sulphided and
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tested using.the Diesel test procedure D3. Examples E6 to E8 show/that hydrothermal
conditions result in a pronounced improvement of the activity corfipared to reference
catalyst C2 and to the same catalyst C3 not prepared under hydrothgfrmal conditions.

Comparative experiment C4 (Ni1Nb.025W.975 R3)
48.7 g of tungstic acid H2W04 (0.195 mole W) was sIUrried_ ih one liter of water together
with 23.5 g of nickel hydroxycarbonate 2NiCO;*3Ni(OH),*4/H,0 (0. 2'mole of Ni)-and 08
grams of niobic acid (0.005 moles Nb). The suspensiorf 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 suspensron was fil red The resultlng solid was dried
at 120°C. for 16 hours (overnight). The resulting . blid was pelleted, the pellets were

‘crushed and 40-80 mesh and the fraction was isol "ed by sieving. The A'mate'riel was then

calcined at 300 °C for 1 hour. The material was thg sulphided and tested using the Diesel

test procedure D3.

Comparative experiment C5 (N|1Nb 05W.9 R3)
47 .4 g of tungstic acid H,WQ, (0.19 mole. was slurried in one Ilter of water together
with 23.5 g of nickel hydroxycarbonate 2N COa*3N|(OH)2"4 Hz0 (0.2 mole of Ni) and 1.6
grams of niobic acid (0.01 Vmoles Nb). The suspension of the 3 solids was heated to QOf’C
and held at that temperature for a perigd of 20 hours (overnight) with continuous stirring.
At the end of this time, the suspensiolf was filtered. The resuiting 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 isoldted by sieving. The material was then calcined at 300
°C for 1 hour. The materiat was ven sulphided and tested using the Diesel test procedure

D3.

Comparative experiment £6 (Ni1Nb.075W.925 R3) _

46.2 g of tungstic acid HWO, (0.185 mole W) was slurried in one liter of water together
with 23.5 g of nickel! hy roxycarbonate 2NiCO3*3Ni(OH),"4 H,0 (0.2 mole of Ni) and 2.4
grems of niobic acid (§.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 ti _' e, the suspension was filtered. The resulting solid was dried at 120°C
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Example E10 (Ni1Nb0.05W0.95 R3 HT150
~ The catalyst was prepared under autoge

- fraction was isolated by sievi

for 16 hours (overnight). The resulting solid was pelleted, the peliets wefe crushed and 40-
60 mesh and the fraction was isolated by sieving. The material was fhen calcined at 300
°C for 1 hour. The material was then sulphided and tested using th
D3.

iesel test procedure

Example E9 (Ni1Nb.025W.975 HT150)
The catalyst was prepared under autogenic pressure in an
microwave radiation at a reaction temperature of 150 °C /And reaction time of about 6
hours. 2.35 g of Ni carbonate (0.02 moles Ni) was added t¢ 100cc of water along with 4.87
grarﬁs of tungstic acid (0.0185 mole W) and 0.080 grgfns of niobic acid (0.0005 moles
Nb). The suspension was put into a sealed Weflon™,
heated at 10°C/min to 150°C and held at that temy

toclave reactor heated with

vessel of 275cc total volume and
rature for 6 hours withr continuous

zsti'rringf The sample was cooled to room tempergture and the solid filtered and dried

overnight at 120°C. The obtained material was pejfeted, the pellets were crushed and 40-
60 mesh fraction was isolated by sieving. The mfterial was then calcined at 300 °C for 1

hour. The material was then sulphided and testdd using the Diesel test procedure D3.

/ pressbre in an autoclave reactor heated with
microwave radiation at a reaction tempfrature of 150 °C and reaction time of about 6
hours. 2.35 g of Ni carbonate (0.02 molgs Ni) was added to 100cc of water along with 4.74
grams of tungstic acid (0.019 mole V) and 0.16 grams of niobic acid (0.001 moles Nb).
The suspension was put into a sealfd Weflon™ vessel of 275cc total volume and heated
at 10°C/min to 150°C and held affthat temperature for 6 hours with continuous stirring.
The sample was cooled to roomAemperature and the solid filtered and dried overnight at
120°C. Thé obtained material fvas pelleted, the pelfets were crushed and- 40-60 mesh
. The material was then calcined at 300 °C for 1 hour. The

material was then sulphided And tested using the Diesel test procedure D3.

Example E11 (Ni1Nb0.0/5W0.925 R3 HT150)
The catalyst was prepgfed under autogenic pressure in an autoclave reactor heated with

" microwave radiation #t a reaction temperature of 150 °C and reaction time of about 6

hours. 2.35 g of Ni cArbonate (0.02 moles Ni) was added to 100cc of water along with 4.62
grams of tungstic #cid (0.0185 mole W) and 0.24 grams of niobic acid (0.0015 moles Nb).
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‘The sample was cooled to room temperature and the solid filtered
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The suspension was put into a sealed Weflon™ vessel of 275cc total vhlume and heated
at 10°C/min to 150°C and held at that temperature for 6 hours with/continuous stirring.
: d dried overnight at
120°C. The obtained material was pelleted, .the pellets were crughed and 40-60 mesh
fraction was isolated by sieving. The material-was then calcined gt 300 °C for 1 hour. The
material was then sulphided and tested using the Diesel test pro' edure D3.

Examples E9 to E11 show a Niobium contammg cataly4t prepared m hydrothermal
conditions not only has a significantly increased activity c ' 'pared to non—hydrothermally
prepared catalysts C4 to C6, but also a very pronoun d unexpected improvement of

activity compared to a catalyst prepared in the same co -'dmon wathout the small amount of

Niobium.

Comparative experiment C7 (NifW1 R3,7 days)."
50.0 g of tungstic acid H,WO, (0.2 mole W) was flurried in one liter of water togeth_ér wiih
23.5 g of nickel hydroxycarbonate 2NiCO,* "j'i(OH)2*4 H,O (0.2 mole of Ni). The
~/and held at that temperature for a period of

this time, the suspension was filtered. The

suspension of the 2 solids was heated to 80°
7 days with continuous stirring. At the endj
resulting solid was dried at 120°C for ¥
pelleted, the pellets were crushed and f40-60 mesh and the fractibn was ‘isolated by
sieving. The material was then calcingd at 300 °C for 1 hour. The materiél" was then
 test procedure D3. The results show that at very -

hours (overnight). The resulting solid was

sulphided and fested using the Dies
long reaction times an improvemen{/in activity could be obtained corriparéd to 20 hours

reaction time, but that this improfement is very small compared'fo the . improvement

obtained by the hydrothermal conglitions.

" Example E12 (N;1 5W1 R3 HJ150)

The catalyst was prepared yhder autogenlc pressure in an autoclave reactor heated wnth

microwave radiation at a peaction temperature of 150 °C and reactlon tlme of about 6
hours. 3.53 g of Ni carbonfate (0.03 moles Ni) was.added to 100cc of water along with 4.99
.02 mole W). The suspension was put into a sealed Weflon™
vessel of 275c¢ fotgl volume and heafed at 10°‘C/minv to 150°C and - held at that
temperature for 6 Kours with continuous stirring. The sample was cooled to room

temperature and t " solid filtered and dried overnight at 120°C. The obtained material was

grams of tungstic acid
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-Solution B was added dropwise to solution A at a
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pelleted, the pellets were crushed and 40-60 mesh fraction was isolafed by sieving. The
material was then calcined at 300 °C for 1 hour. The material way then sulphided and
tested using the Diesel test procedure D3. The results ‘show/that in hydrothermal
conditions very good results can be obtained at higher metal. molgr ratio, but that a higher

metal molar ratio is not necessary or desirable.

Comparative experiment C8 (Ni0.9W1 R1 90)

49.2 g of ammonium metatungstate (0.2 molé W) were dis
a solution of a pH of about 5.2. To this solution, 0.4 moles/of ammonium hydroxide (ca. 30
mi) was added, resulting in a pH increase to about 9.8. fhis solution was heated to 90°C
(solution A). A second solution was prepared by disé'p 'ing 52.4_g Ni nitrate hexahydrate
{0.18 mole Ni) in 50 m! of water. The solution w: £ maintained at 90°C {solution B)'.
Ate of 7 mUmin. The suspension that

Ived in 800 mi of water giving ‘

formed was stirred for 30 minutes while the temperature was maintained at 90°C. The
material was filtered hot and dried in air at 120/C overnight. The obtained material was
pelleted, the pellets were crushed and 40-60 '-"'esh'fraction. was isolated by sieving. The
material was then calcined at 300 °C for 1 our. The material was then _sulpﬁided and

tested using the Diesel test procedure D3.

Example E13 (Ni0.OW1 R1 HT150) _
The catalyst was prepared- under auto fenic pressi.lre m an autoclave reactor heated with
microwave radiation at a reaction temperature of 150 °C and reaction time of 30 minutes.”
To a solution of 10.48 g Ni nitrate hexahydrate (0.036 mole Ni) in 100cc of water was
added 9.86 g of ammonium/ metatungstate (0.04 mole W) and 6 ml of
ammoniumhydroxide. The suspgnsion was put into a sealed Weflon™ vessel of 275cc

total volume and.heated at 10°Q/min to 150°C and held at that témperature for 30 minutes

"with continuous stirming. Thg¢ sample was cooled to room temperature and the solid

ernight 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 fgr 1 hour. The material was then sulphided and tested using the
Diesel test procedure D3. The results show that surprisingly also very good results can be
obtained by reacting/under hydrothermal conditions a reaction mixture wherein all

filtered, washed and dried
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results show that surprising!
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Compafative experiment C9 (NitW1 R2)
49.2 g of ammonium metatungstate (NH.)sH2W12040 (0.2 mole M
ml water, giving a solution with a pH of about 5.2 at room te ‘vperature. The solution was
subsequently heated io 90°C (solution A). 23.5 g pf nickel hydroxycarbonate
2NiCO,;*3Ni(OH).*4 HO (0.2 mole Ni) were suspended_"n 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 suspension was mai itaine_d at 90°C for a period of 16
hours with continuous stirring. The resulting solid Jas dried at 120°C for 16 hours
(overnight). The resuiting solid was pelleted, the p_j' lets were crushed and 40-60 mesh

were dissolved in 800

‘fraction was isolated by sieving. The material wagy then sulphided and tested using the

Diesel test procedure D3.

Example E14 (NitW1 R2 HT150)

" The catalys! was prepared under autogenic fressure in an‘autocla'v'e reactor heaied with

microwave radiation at a reaction tempergiture -of 150 °C and reaction time of about 6
hours. 3.52 g of Ni zcarbona'te (0.03 moles Ni) was added to 150cc of water along with 7.40
g of ammonium rﬁetatungstate (0.03 nfole W). The suspension was put into a sealed

Weflon™ vessel of 275cc total volume And heated with microwave radiation at 10°C/min to
150°C and held under autogenic pre ure at that temperature for 6 hours with continuous

stiring. The sample was cooled b room temperature and the solid filtered and dried
ovemight at 120°C. The obtained fnaterial was pelleted, the pellets were crushed and 40-
60 mesh fraction was isolated by sieving. The material was then caicined at 300 °C for 1
hour. The material was then sujphided and tested using the Diesel test procedure D3. The
also very good results can be obtained by reacting under
hydrothermal conditions a rgaction mixture wherein one component is in solid form and

the component is dissolvegl.

The catalysts were jested in a down-flow tubular reactor. Each reactor tube contained 10
d with an equal amount of SiC particles and sandwiched between
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Table 1
1 GAS OIL FEEDSTQCK
S (Wt.%) '
N (ppmwt) ) //
total aromatics (wt.%) /1278
polynuclear aromatic (PNA) (wt. %)/ 11.7
mono-aromatics (wt.%) / 16.5
di-aromatics (wt.%) 7/ 10.8 -
tri+-aromatics (wt.%) / los
Simulated distillation ASTM-IJ 86
Initial boiling point -/ 184°C
5vol.% 7 218°C
10 vol.% f 231°C
30 vol.% A - 265°C -
50 vol.% / | 287°C
70 vol.% / ' 310°C
190 vol.% /. 345°C
Final boiling point /' 374°C

/0 conditions shoWn in Téble 2:

The catalysts were tested under the
' Table 2

10

Presulfiding | Condition 1 | Condition 2
Temperature (°C) [/ 320 330 1340
Pressure (bar) / 40 40 20
H2 to oil ratio (NI1)/ 300 300 300
LHSvV(im) - /[ 3.00 2.00 1.50

Diesel test procedure D2 _
The catalysts were testfd as described in D1 except for another space velocity in the 1st

15 condition shown in Talle 3:




30

Table 3:
Presulfiding | Condition 1 | Qondition 2
Temperature (°C) 320 330 540
Pressure (bar) 40 40 [20
H2.to oil ratio (NIfl) 300 300 /1300
LLHSV (1/h) 3.00 1.50  / 11.50

Diesel test procedure D3

5 The catalyst was loaded into the reactor in a manner angfogous to what is described in
D1. Before being tested the catalysts were presulphided via liquid phase presulphiding
using LGO feed described below in Table 5 which had jeen spiked with dimethyl disulfide
to a total sulfur content of 3.7 wt.%. The presulphid ¥ catalysts were then tested in the

10

hydrotreating of a diesel feedstock having the properfies shown in Table 4:

Table 4
GAS OIL FEEDSTOCK ~ /
S (Wi.%) l 1.1969
N (ppmwt) ..// 102
total aromatics (Wt.%) / 28.3
mono-aromatics (wt.%Y 16.5
di-aromatics (wt.%) / 11.0
- tri+-aromatics (wt.%)/ 0.8
Simulated distilatigh ASTM-D 86 A
Initial boiling poiny/ 178.4°C
5 vol.% 211°C
10 vol.% 224°C
30 vol.% / 261°C
50vol.% / 283°C
70 vol.% / 309°C -
- 190 vol.% 348°C
Final boilifflg point 372°C
The catalysts were tested yhder the two conditions shown in Table 5:
' ‘ ' Table 5
15 | |
/ Presulfiding - | Condition 1 | Condition 2
Temperatyfe (°C) 320 320 340
Pressure fbar) 45 45 20
H2 to oiﬂatio (NI1) 200 300 300
LHSV (f/h) 3.00 3.00 1.50
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The full width at half maximum (FWHM) was measured for all ex ' ples and was found to

be below 2.5 in all examples. The examples show that under
highly active catalyst could be obtained even at group VIl to group VIB metal molar ratio
below 1 where at normal atmospheric conditions no 'ac'tiV_e catalyst could be obtained.

drothermal conditions a



Table 6. Test results

sample

C1.1
E1
E2
ES
C1.2

E4™

C2
C3
EB
E7
E8

C4
C5
cé
EQ
E10
E11

c7
E12
c8
E13
co
E14

Ni1Mo0.5W0.5 R3 crushed
Ni0.76W1 R3 HT

NifW1 R3 HT

NiMo0.5W0.5 R3 HT
Ni1Mo0.6W0.5 R3

Ni0.5W1 R3 HT
Ni0.6W0.875Nb0.025 R3 HT

NiTMo0. R3
NitW1 R3 80

NitW1 R3 HT125
NitW1 R3 HT150
NifW1 R3 HT175

Ni4Nb0.025W0.975 R3.
Ni1Nb0.OSW0.85R3 -
Ni1Nb0.0756W0.925 R3
Ni1Nb0.025W0.975 R3 HT150
Ni1Nb0.05W0.95 R3 HT150
Ni1Nb0.075W0.925 R3 HT150

Ni1W1 R3 90 7 days
Ni1.5W1 R3 HT150
Ni0.oW1 R1
Ni0.OW1 R1 HT 150
Nitw1 R2

NitW1 R2 HT 150

test
powder
D1

D1

D1

D1

03
D3
D3
D3

D3

D3

- D3

D3
D3
D3
D3

test
extrudates

D2
D2
D2

“d46

163

16

CBD $1 S2 N2 RVA RVA RWA RWA RVA RWA
foaded ppm ppm ppm HDST HDS2Z HDS1 HDS2 HDN2 HDN2
121 4 21 5 100 - 100 100 100 100 100

1.83 3 13 3 114 126 85 93 115 86
1.73 3 8 2 113 155 79 108 130 91
1.27 3 20 3 110 103 105 98 111 106
117 9 75 12 100 100 100 100 100 100
1.09 9 93 17 90 78 100 . &7 75 82
1.23 4 69 13 121 g0 119 89 84 83

125 148 28 3.7 100 100 100 100 100 100
1.12 1591 206 29 26 36 31 44 38 46

1.64 16 9 1.3 279 147 216 114 125 97
1.72 9 9 1.4 347 151 259 113 130 97
1.75 6 8 1.2 420 150 311 111 127 94

(A%

1.05 1256 148 21 31 42 ¥ 50 47 56

142
1.67

172

1.51
163
25
192.
1.79




33°

CLAIMS

1. A bulk catalyst comprising metal oxidic particles comprisifig one or more
Group VIB metals and one or more Group VIli metals obtainajle by a process
comprising the steps of:

i) combining in a reaction mixture one or mpre first compounds
comprising one or more Group VIII metdls and one or more
second compounds comprising dne or mpre Group VIB metals in
the presencerf a protic liquid, whereir [the AGroup VIl metals to

Group VIB metals molar ratio is below 1/ and | |

i) feacting the compounds under hyj rothermal conditions at a
reaction temperafuré above the bgiling temperature of the protic
liquid and at a reaction pressure /above atmospheric pressure to

form metal oxidic particles.

2. The bulk catalyst according to claim_:-A , Wherein the protic liquid is water

3. The bulk catalyst accordin to claim 1, wherein the one or more
first metal compounds and the one or more second metal compounds remain at

least partly in the solid state during fhe entire reaction.

4., The bulk catélyst accordigg to claim 1, wherein the metal oxidic partides

_are dried and/or heat treated at temperature below 375°C.

5. The bulk catalyst agcording to claim 1, wherein.the reaction mixture
comprises a Group V metaf. ’

6. The bulk catalysf according to claim 1, wherein the metal oxidic particles

comprise essentially ong Group VIII metal, and essentially 2 Group VIB metals.
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7. The bulk catalyst according to claim 1, wherein the metal oxfdic particles
comprise essentially one Group Viil metal, and essentially one Group B metal.

8. A sulphided bulk catalyst characterized in that it is/a bulk catalyst
according to claim 1 that has been sulphided.

9. A process for the manufacture of the bulk catalyst According to claim 1,

comprising metal oxidic particles obtainable by the steps of:
i | combining in- a reaction mixture one ‘ more 'first' compounds

comprising one or more Group VIl metafs and one or more second :

compounds comprising one or mor_' Group VIB metals in the -

| presence of a protic liquid, wherein the/Group VIII metals to Group VIB
metals molar ratio is below 1.5, and o

i) reacting the compounds under hygfothermal conditions at a reaction
temperature above the boiling 1 :mperature of the protic liquid- at a
reaction pressure above atmospheric pressure, to fbrm metal oxidic
particles, | ' ' '

the process further optionally cbmprising onegfor more of the following prbcess steps:

iii)) separating the metal oxidic/particles from the reaction mixture,

iv) compositing the metal Xidic particles with 0.1 to 40 wt% of one

or more materials elected from the group of binder
materials, convghntional _ hydroprocessing 6atalysts, 'cracking
cdmpounds, acidic promoters or mixtures thereof before, during or
after the combinjAg and/or reacting of the metal compounds,‘

V) spray-drying, (flash) drying, milling, kneading, slurry-mixing, dry or wet
mixing, or com i'nétions thereof, | :

vi) shaping,

vii) drying and/gr thermally treating, and

vii)  sulphiding/

10." The process 'ccording to claim 9, wherein both the first and second

metal compounds reMmain at least partly in the solid state during the entire reaction.
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'11. The process according to claim 9, wherein both the first and second
metal compounds are free from nitrogen atoms and wherein protic liuid separated
from the obtained metal oxidic particles after the reaction (step iii) is ré-used at least in

part to form the reaction mixture in step i).

12, The use of the bulk catalyst or sulphided bulk catalygt according to claim
1 for the hydrotreatment of a hydrocarbon feedstock.

13. A bulk catalyst comprising metal oxidic particlés/comprising one -or more
. Group VIB metals and one or more Group VIl metajs, wherein the Group VIli

metals to Group VIB metals molar ratio is less than 1.

14, The bulk catalyst of claim 13 consisting esgentially of only one Group VIB
"~ metal and only one Group VIIi metal.



BULK CATALYSY COMPRISING METAY.
OXIDIC PARTICILES AND A PROCESS FOR
THFIE MANUFACTURE THEREO¥XK

PRIORITY CILAIM

This application claims the benefit of U.S. Provisional
Application No. 60/730,911, filed Oct. 26, 2005.

The invention relates to a bulk catalyst comprising metal
oxidic particles comprising one or more Group VIIB metals
and one or more Group VIII metals, to the corresponding
sulphided catalyst, to a process for the manufacture of said
bulk catalyst and to the use of said catalyst for the hydrotreat-
ment, in particular the hydrodesulpburisation and hydrodeni-
trogenation of hydrocarbon feedstock.

The bulk catalyst according to the invention usually is in
the form of shaped particles, for example 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 from a supported catalyst in that
it does not comprise a preformed 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 26 of metal oxidic particles
(wt %% 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 %%. The metal oxidic particles
typically comprise one or more Group VIB metals, preferably
tungsten or molybdenum, and one or more Group VI1II metals,
preferably nickel or cobalt. The bulk catalysts generally have
a very high activity in hydroprocessing.

The term ““hydroprocessing or hydrotreatment” in this con-
text encompasses all processes inwhich a hydrocarbon feed is
reacted with hydrogen at elevated temperature and elevated
pressure, including processes such as hydrogenation,
hydrodesulphurization, hydrodenitrogenation, hydrodemet-
allization, hydrodearomatization, hydroisomerization,
hydrodewaxing, hydrocracking, and hydrocracking under
mild pressure conditions, which is commonly referred to as
mild hydrocracking. Hereafter, when referring to a high activ-
ity of the bulk catalyst according to the invention, in particular
the hydrodesulphurization activity is implied unless other-
wise indicated.

WO 00/41810 describes bulk catalyst compositions corm-
prising bulk catalyst particles comprising at least one group
VIII metal and at least two group VIB metals (hereafter
referred to as trimetallic bulk catalysts), in particular nickel/
molybdenum/tungsten based catalysts. The trimetallic bulk
catalyst particles are prepared in a process in which the metal
components are combined in the presence of a protic liquid
and wherein one or more metal components remains at least
partly in the solid state during the entire process. The process
wherein some of the compounds remain at least partly in the
solid state while others are dissolved is referred to as the
solid-solute process. The process wherein all group VI3 and
the group VIII metal components remain at least partly in the
solid state is referred to as the solid-solid process. The patent
publication also describes in the comparative examples a bulk
catalyst comprising one group VIII metal and only one group
VIR metal (hereafter referred to as bimetallic bulk catalyst)
prepared with the solid-solute process.

Although WO 00/41810 describes wide ranges for the
metal molar ratio, in the examples it is described that increas-

p ing conversion of the starting compounds i1s obtained at

1



N
increasing, group VIII over group VIEB metal molar ratio. In
particular, acceptable conversions are achieved only at a
metal molar ratio above 1.25. The inventors have further
found that in this process at a metal molar ratio below 1 a
completely different crystal structure was obtained that vwas
not active, possibly related to non- or partially reacted starting
materials giving low surface area phases with low activity. It
appears that a relatively large molar excess of group VIII
compound appears to be necessary in the process for the
preparation of the catalyst in order to obtain an active catalyst.
From a theoretical point of view it is believed that such large
amounts group VIII metal, although advantageous or even
necessary in the process of the preparation of the catalyst,
may not or not fully be necessary in the active sulphided bulk
catalyst in hydrotreatment of a hydrocarbon feedstock. Fur-
ther, the inventors believe that a too high metal molar ratio
would only add useless weight and reduces the activity per
unit weight of the bulk catalyst.

The object of the invention is to provide a bulk catalyst
having a higher catalytic activity. A further object of the
invention is to provide a bulk catalyst having a high catalytic
activity in particular so at reduced group VIII over group VIE
metal molar ratio.

According to the invention there is provided a bulk catalyst
comprising metal oxidic particles comprising one or more
Group VIEB metals and one or more Group VIII metals obtain-
able by a process comprising the steps of
1) combining in a reaction mixture one or more first com-

pounds comprising one or more Group VIII metal and one

or more second compounds comprising one or more Group

VIEB metals in the presence of a protic liguid, wherein the

Group VIII metal to Group VIEB metal molar ratio is

between 0.1 and S and,

-11) reacting the compounds in hydrothermal conditions at a
reaction temperature above the boiling temperature of the
protic ligquid to form metal oxidic particles.

With boiling temperature 1s meant the boiling temperature
at atmospheric 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-
thermal conditions’® is meant to imply reaction conditions
wherein the reaction temperature is above the boiling tem-
perature of the protic liguid. Typically such conditions give
rise to a pressure above atmospheric pressure and then the
reaction is preferably performed in an autoclave, preferably
under autogenic pressure, that is without applying additional
pressure. An autoclave is a device capable of withstanding
pressure designed to heat liguids above their boiling tempera-
ture.

US 2004/182749 describes in some examples a preparation
in an autoclave under pressure at 80° C., but not at a tempera-
ture above the boiling point of the protic liguid. It is further
noted that prior art WO00/4 1810 discloses broad temperature
ranges from O to 300° C. and mentions in general terms a
possibility to prepare catalysts at a pressure above atmo-
spheric pressure and at a reaction temperature above the boil-
ing temperature of the protic liguid. WO00/41810 however
mentions that generally the reaction is carried out at atmo-
spheric pressure and has no examples or description of bulk
catalyst according to the invention wherein the metal com-
pounds are actually reacted in hydrothermal conditions 111 an
autoclave at a reaction pressure above atmospheric pressure
and, in case of water as protic ligquid, at a temperature above
100° C. to form metal oxidic particles. In particular, the
relation between the metal molar ratio, the hydrothermal

2



reaction process and the improved catalytic activity of the
catalysts obtainable by said process are not described.

In the bulk catalyst according to the invention, the group
VIII to Group VII3 metal molar ratio can in principle vary
between wide ranges, for example between 0.1 and 5. Gen-
erally 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 metal molar ratio range between 0.2 and
1 it often appeared difficult if not impossible to obtain a good
catalyst when the first and second metal compounds are
reacted in atmospheric pressure conditions (good and better
in this context mean: a bulk catalysts withh high or higher
hydrodesulphurisation or hydrodenitrogenation activity than
the prior art). In this metal molar ratio range the X RID pattern
showed a large number of peaks, possibly originating from
raw materials still present and/or unidentified compounds
formed. A catalyst having such XRID pattern was found to be
inactive. It was surprisingly found that, when the metal mole
ratio is between 0.2 and 1, a good bulk catalyst could never-
theless be obtained when the reaction between the first
(Group VIII) and second (Group VIB) metal compounds
takes place according to the invention in hydrothermal con-
ditions at a pressure higher than 1 bar and at T=100° C.

When the Group VIII to Group VI metal molar ratio is
above 1, an active catalyst can be prepared under atmospheric
reaction conditions, however also in this metal molar ratio
range the bulk catalyst according to the invention has a higher
activity than the prior art bulk catalyst with the same metal
molar ratio. As described above itis not desirable to have a too
high group VIII excess. Further, it was found that in hydro-
thermal reaction conditions the additional effect of a higher
metal molar ratio levels off, the metal molar ratio in hydro-
thermal conditions is preferably lower than 1.5, more prefer-
ably lower than 1.25, even more preferably lower than 1.15
and most preferably below 1.

The Group VIII to Group VI metal molar ratio can be
chosen lower in hydrothermal conditions. Alternatively, the
activity can be higher at the same metal molar ratio. The bulk
catalyst according to the invention preferably has an increase
in hydrodesulphurisation activity, compared to a catalyst with
the same composition but produced in atmospheric condi-
tions, of at least 10%0, preferably at least 1526, more prefer-
ably at least 20%6, even more preferably atleast 25206 and most
preferably at least 3026 (the hydrodesulphurisation activity as
determined in the standard test described below in the
description of the examples according to the invention).
Altermatively, the bulk catalyst according to the invention
preferably has at least 10%60, more preferably at least 15%0,
even more preferably atleast 20%6 and most preferably at least
2596 lower metal molar ratio whilst maintaining an equal or
higher hydrodesulphurisation activity level. Preferably, in
view of achieving a high activity in these hydrothermal con-
ditions the group VIII to Group VIB metal molar ratio 1s more
than 0.3, preferably more than 0.4, more preferably more than
0.5, even more preferably more than 0.6 and most preferably
more than O.7.

For many reasons water i1s the best choice for the protic
liquid. However, other protic liquids are not excluded and
therefore the ““hydrothermal reaction conditions” in this con-
text is intended to also cover reaction conditions using a
protic liguid other than water at temperatures above the boil-
ing temperature of the protic liguid, typically at a pressure
above atmospheric pressure. The reaction temperature pref-
erably is at least 1026, more preferably at least 25%6, even
more preferably at least 50%6, and most preferably at least
7526 higher than the boiling temperature of the protic liguid.
The reaction is preferably done in water as the protic liguid at
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a reaction temperature of at least 110, preferably at least 125,
even more preferably at least 150, and most preferably at least
175 C. preferably in an autoclave preferably under auntogenic
elevated pressure. Good results can be obtained at reaction
temperatures between 110° C. and 170° C. In a preferred
embodiment of the invention the reaction mixture is heated
with microwave radiation. Solute components in the reaction
mixture may increase the boiling temperature of the protic
liguid.

The reaction time is chosen sufficiently long to substan-
the x-ray diffractogram ofthe separated metal oxidic particles
does not show reflections of the unreacted starting comni-
pounds. 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. Typi-
cally, 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. A particular advantage of
the hydrothermal reaction process is that reaction speed of the
metal compounds is higher suclh that the reaction can be
completed in a shorter reaction time. This is advantageous
especially when a low Group VIII to Group VI metal molar
ratio is wanted because a low metal ratio was found to reduce
the reaction speed during the preparation.

The metal composition in the bulk catalyst according to the
invention may in principle vary between wide ranges as
described in the prior art for conventional hydrotreatment
catalyst. In one embodiment, the bulk catalyst comprises
metal oxidic particles comprising preferably only one group
VIIl metal, preferably cobalt or nickel, and substantially only
2 group VIB metals, preferably tungsten and molybdenum (a
trimetallic catalyst). In another embodiment, the bulk catalyst
is a bimetallic catalyst comprising only one group V1B metal.
Preferably, the bulk catalyst comprises metal oxidic particles
comprising substantially only one group VIII metal, prefer-
ably nickel, and substantially only 1 group VIEB metal, pref-
erably tungsten. A bimetallic bulk catalyst can be distin-
guished from a trimetallic catalyst in that it comprises less
than 10 mole 26 of a second group VIEB metal (relative to the
total amount of Group VII3 metals) but preferably comprises
substantially only one Group VIEB metal. The term “‘substan-
tially only one group VIR or group VIII metal”> implies that
the catalyst most preferably has no other, but may have an
insubstantial amount of another Group VIB or group VIII
metal, preferably less than 5, more preferably less than 3 and
most preferably less than 1 mole 26 (relative to the total ofthe

Cgroup VIEB or group VIII metals).

In an alternative embodiment, the bulk catalyst according
to the invention comprises a Group V metal, preferably Nio-
bium. It was found that a significant activity improvement
could be obtained even with relatively small amounts
between 0.1 and 10 mole 26, preferably between 0.1 and 9
mole 26, more preferably between 0.1 and 8 mole 2o, even
more preferably between 0.1 and 7 mole 2o and most prefer-
ably between 0.1 and 5 mole ©6.

In the first step of the process for preparing the bulk catalyst
according to the invention the reaction compounds are com-
bined to form a reaction mixture. This can be done in a variety
of different ways as for example described in WO 00/41810,
WO 99/03578, WO 2004/073859, WO 2005/005582,
EP2005/004265 (not prepublished) and WO 00/41811. The
first and/or second compounds can be soluble or at least partly
insoluble in the protic liguid. It is possible to first prepare a
suspension or solution of a metal compound in the protic
liquid and to add, simultaneocously or one after the other, solu-
tion(s) and/or further suspension(s) comprising dissolved

4



and/or suspended metal compound(s) in the protic liquid. Itis
also possible to first combine solutions either simultaneously
or one after the other and to subsequently add further suspen-
sion(s) and optionally solution(s) either simultaneously or
one after the other.

The bulk catalyst according to the invention is preferably
prepared in a process wherein the one or more first metal
compounds and/or the one or more second metal compounds,
most preferably all first and second metal compounds, remain
at least partly in the solid state during the entire reaction. This
process is relatively simple, has a high yield and is environ-
mentally friendly, but most importantly the bulk catalyst
obtainable by said process was found to be highly active. 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 compound 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 detail in WO 00/4181 0 as one of several possible
preparation routes to prepare trimetallic bulk catalyst.

Tt was often observed that the bulk cataly st according to this
process has a metastable hexagonal structure. This metastable
hexagonal structure has, in case the group VIB metal is tung-
sten, an X-ray diffraction pattern with a reflection between 53
and 65 (diffraction angle 2 theta) and main reflections
between 32 and 36 and between 50 and 55°. In case the group
VIEB metal is Molybdenum, the X-ray diffraction pattern
shows two reasonably well-resolved reflections, one between
33 and 35, the other between 58 en 61°. The presence of the
metastable hexagonal phase appeared to be indicative of a
high catalytic activity of the oxidic bulk catalyst, although
there is no strict quantitative relation found. Because the
physical reasons for the correlation are not fully understood
or known and the inventors do not wish to be bound and
limited by theory, the bulk catalyst according to the invention
is claimed without reference to the described X-ray difirac-
tion features relating to the presence of a metastable hexago-
nal phase. It is preferred that reflections of other crystalline
compounds are substantially absent in the X-ray diffraction
pattern. It is considered that amorphous phases may also be
present. Flowever, it was found that catalysts having a good
activity typically had full width at half maximum (FWHM)
below 2.5 indicating that amorphous phases and associated
broad XRID peaks are not good for activity.

It 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, in par-
ticular the metal oxidic particles in the bulk catalyst, have
been heat treated at a temperature below a temperature where
transition to a crystalline structure occurs. When in this con-
text reference is made to ““transition to a crystalline structure™,
a crystal structure other than the metastable hexagonal phase
is meant. This applies to any and all heat treatment steps in the
production process of the bulk catalyst. This applies in par-
ticular also to heat treatment of shaped bulk catalyst particles
after compositing and shaping. Preferably, the bulk catalystis
heat treated below 450° C., more preferably below 400 C.,
even more preferably below 375° C. and most preferably
below 350° C. This applies also to drying and calcination.

After the reaction step, the metal oxidic particles prefer-
ably have a median particle size in the range of at least 0.5 nm,
more preferably at least 1 pumn, most preferably at least 2 pum,
but preferably not more than 5000 pum, more preferably not
more than 1000 um, even more preferably not more than 500
rum, and most preferably not more than 150 pm. Even more
preferably, the median particle diameter lies in the range ot
1-150 pum and most preferably in the range of 2-150 pm.
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Preferably, the median particle size of the metal oxidic par-
ticles remains substantially unchanged in the bulk catalyst
after compositing with a binder material and shaping (deter-
mined by Near Forward Scattering).

The bulk catalyst comprises at least 60 wt 26 of metal
oxidic particles (swit 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 60 wt 26. Preferably. 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 26 and most
preferably at least 85 wt 26 metal oxidic particles, the remain-
ing Oto 40wt 26 being one or more materials selected from the
group of binder materials, conventional hydroprocessing
catalysts, acidic promoters such as phosphorus of fluorine and
cracking compounds. Typically, after compositing of the
metal oxidic particles with a binder, the composition is
shaped, preferably extruded, to form shaped bulk catalyst
particles. The invention also relates to shaped bulk catalyst
particles comprising the metal oxidic particles. Altermatively,
the metal oxidic bulk catalyst particles can be used directly,
that is without substantial compositing and shaping, in a
hydrotreatment process. This process is referred to as a slharry
hydrotreatment process. For this use, the particles are prefer-
ably treated to obtain a narrower particle size distribution, for
example by sieving or agglomerating, but without substantial
compositing and shaping,. The invention also relates to the use
of metal the catalyst according to the invention in a slurry
hydrotreatment process, preferably using metal oxidic bulk
catalyst particles without substantial compositing and shap-
1L .

Preferably, the bulk catalyst according to the invention,
preferably after compositing and shaping, has a B.E.T. sur-
face area of at least 10 m~/g, more preferably of at least 50
m?Z/g, and most preferably of at least 80 m~/g, as measured via
the B.E.T. method. The median pore diameter (5020 of the
pore volume is below said diameter, the other 50%06 above it)
of the bulk catalyst preferably is 3-25 nm, more preferably
5-15 nm (determined by N2 desorption). The total pore vol-
ume of the bulk catalyst preferably is at least Q.05 ml/g and
more preferably at least 0.1 ml/g, as determined by N2
adsorption.

It is desired that the pore size distribution of the bulk
catalyst according to the invention, preferably after compos-
iting and shaping, is approximately the same as that of con-
ventional hydroprocessing catalysts. More in particular, the
bulk catalyst preferably has (desorption) median pore diam-
eter of 3-25 nm, as determined by nitrogen adsorption, a pore
volume of 0.05-5 ml/g. more preferably of 0.1-4 ml/g, still
more preferably of 0.1-3 ml/g, and most preferably of O.1-2
ml/g, as determined by nitrogen desorption.

Generally, 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 Tbs/mm
and preferably of at least 3 lbs/mm (measured 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
strength, it may be desirable for the catalyst composition of
the invention to have a low macroporosity. Preferably, less
than 30%6, more preferably less than 20%%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°).



The invention also relates to a sulphided bulk catalyst
comprising a bulk catalyst according to the invention, which
has been sulphided. The invention further also relates to the
use of the bulk catalyst or sulphided bulk catalyst according to
the invention for the hydrotreatiment of a hydrocarbon feed-
stock. The term ““hydroprocessing’™ in this context encom-
passes all processes in which a hydrocarbon feed is reacted
with 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, vacuum gas oils, and heavy gas oils.
The bulk catalyst according to the invention can be used in
virtually all hydroprocessing processes to treat a plarality of
feeds under wide-ranging reaction conditions, e.g., at tem-
peratures in the range of 200° to 450° C ., hydrogen pressures
in the range of S to 300 bar, and liquid hourly space velocities
(LFISV) in the range of 0.05 to 10 h™’ and H,/0il ratios in the
range of 50-2000 MN1/1.

Apart from the hydrothermal conditions and the implica-
tions regarding the Group VIII to Group VI metal molar ratio
the bulk catalyst manufacturing can be done according to
processes known in the art. Suitable processes are for
example described in WO 00/41810, which is herewith incor-
porated by reference.

The invention also relates to a process for the manufacture
of the bulk catalyst according to the invention comprising
metal oxidic particles obtainable by the steps of;

i) combining in a reaction mixture one or more first com-
pounds comprising one or more Group VIII metal and one
or more second compounds comprising one or more Group
VIE metals in the presence of a protic liguid, wherein the
Group VIII metal to Group VIB metal molar ratio is
between 0.1 and 5 and

ii) reacting the compounds in hydrothermal conditions at a
temperature above the boiling point of the protic liquid,
preferably in an autoclave at a reaction pressure above
atmospheric pressure, to form metal oxidic particles,

the process further optionally comprising one or more of the

following process steps:

ii1) separating the metal oxidic particles from the reaction
maixture,

iv) compositing the metal oxidic particles with 0.1 to 40 wt %6
of one or more materials selected from the group of binder
materials, conventional hydroprocessing catalysts, crack-
ing compounds, acidic additives or mixtures thereolf
before, during or after the combining and/or reacting of the
metal compounds,

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

vi) shaping,

vii) drying and/or thermally treating,, and

viiil) sulphiding.

Further preferences and detail regarding the hydrothermal
conditions and the Group VIII to Group VI metal molar ratio
are described above in the description of the bulk catalyst.
Step (1)

The protic liquid to be applied in the process of the present
invention can be any protic liquid. Examples are water, car-
boxylic acids, and alcohols such as methanol, ethanol or
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mixtures thercof. As the protic liquid in the process of the
present invention preferably a liquid is used that comprises
water, such as mixtures of an alcohol and water and more
preferably water. Also different protic liquids can be applied
simultaneously in the process of the invention. Forinstance, it
is possible to add a suspension or solution of a metal com-
pound in ethanol to an agueocus suspensiorn/solution of
another metal compound. If the protic lhigquid is water, the
solubility ofthe Group VIII 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/(1 00 ml water at 18° C.).

In the preferred process, both the first and second metal
compounds remain at least partly in the solid state during the
entire reaction (the solid-solid process). I the protic liquid is
water, suitable nickel compounds which are at least partly in
the solid state during the reaction comprise, and more pref-
erably consist essentially of, oxalates, citrates, carbonates,
hydroxy-carbonates, hydroxides, molybdates, phosphates,
tungstates, oxides, or mixtures thereof, with nickel hydroxy-
carbonate, nickel hydroxide, nickel carbonate, or mixtures
thereof being most preferred. Generally, the molar ratio
between the hydroxy groups and the carbonate groups in the
nickel hydroxy-carbonate lies in the range of O-4, preferably
O-2, more preferably O-1 and most preferably 0.1-0.8. Suit-
able 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 tri-
oxide, tungsten sulphide (WS, and WS;), tungsten carbide,
ortho-tungstic acid (H,WO_*H_O), tungsten nitride, alu-
minium tungstate (also meta- or polytungstate), ammoniuim
phosphotungstate, or mixtures thereof, with ortho-tungstic
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 compound is an acidic
solid compound.

In the most preferred embodiment of the 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 several reasons, this process meets the highest standard
of environmentally friendly and economically optimal cata-
lyst production. Apart from the fact that the metal compounds
do not contain nitrogen atoms, also the reaction does not
require addition of ammonia to the reaction mixture, as for
example in WO 2004/073859, so the process is entirely free
of nitrogen atoms. There is no accumulation ofalien 1ons like
ammonimm and/or nitrate in the protic liquid on repeated
recycling, there is no strict need for washing the obtained
separated oxidic particles, less environmental hazard because
of reduced loss of precious metals and there is no danger of
explosions due fo ammonium nitrate salt formation.

In view of environmental issues, preferably the catalyst is
bimetallic, preferably Nickel tungsten; the chemistry in the
reaction step is simpler, because there is only one group VI3
metal there can be no composition drift in the group VIEB
metals on recyvceling 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
liquid is small and hence losses are smaller. Furthermore, the
spent bimetallic catalyst is easier to recycle to the constituent
metals than the trimetallic cataly st because there is no need to
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separate two group VIIEB metals, which is very diflicult. 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
yvield.

To obtain a final catalyst composition with high catalytic
activity, it is preferred that the first and second solid metal
compound(s) are porous metal compounds. For the first metal
compound, preferably Ni hydroxy carbonate, the surface area
(SA): SA>220 m*/g, the pore volume pV=>0.29 cm?P/g (as
measured by N adsorption), and the median pore diameter
MPD>3.8 nm (as measured by N desorption) and for the
second metal compound, preferably tungstic acid, SA>19
m?Z/g, pV>0.04 cm”®/g (as measured by N adsorption), desorp-
tion MPID>6.1 nm (as measured by N desorption). Itis desired
that the total pore volume and the pore size distribution of
these metal compounds are similar to those of conventional
hydroprocessing catalysts. Preferably, the pore volume is
0.05-5 ml/g, preferably 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
m?Z2/g, and most preferably at least 30 m*/g, as determined via
the B.E.T. method.

The median particle diameter of the first and second solid
metal compound(s) preferably is in the range of at least 0.5
pum, more preferably at least 1 pun, most preferably at least 2
rwum, but preferably not more than 5000 pum, more preferably
not more than 1000 pum, even more preferably not more than
500 um, and most preferably not more than 150 pm. Even
more preferably, the median particle diameterlies in therange
of 1-150 m and most preferably in the range of 2-150 pm (as
determined by near forward scattering). Generally, the
-smallerthe particles size of the metal compounds, the higher
their reactivity. Therefore, metal compounds with particle
sizes below the preferred lower limits are in principle a pre-
ferred embodiment of the present invention. However, for
health, safety, and environmental reasons, the handling of
such small particles requires special precautions.

Step (i1)

IDuring and/or after the addition of the metal compounds,
the slurry is kept at the reaction temperature for a certain
period of time to allow the reaction between the compounds
to take place. In general, the step of slurrying and combining
the raw materials is not critical, providing 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. A person skilled in the art should be able to choose
suitable conditions.

Generally, the slurry is kept at its natural pll during the
reaction step. However, also basic material may be added to
increase the pH, as described in WO 2004/073859, where
ammonium is added. The pH preferably is in the range of
0-12, more preferably in the range of 3-9, and even more
preferably in the range of 5-8.

The parameters that are important for the performance of
the bulk catalyst according to the invention, in particular the
reaction temperature and pressure, the Group VIII to Group
V1 metal molar ratio, the hydrothermal reaction conditions
and the reaction time are 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 Group
VIII to Group VI metal molar ratio is between 0.2 and 1, the
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reaction is done under hydrothermal conditions at a reaction
temperature above 100° C. and a pressure higher thhan 1 bar.
When the metal mole ratio is above 1, the catalyst obtained
can also be advantageously produced under hydrothermal
conditions in order to be able achieve higher activity or to use
lower nickel molar ratio or to react faster.

Step Gi1)

After the reaction step, 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 liguid
needs to be separated from the solid reaction product. Thewet
reaction product can directly be shaped after optional com-
positing with additional material 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 before or after being composited with
additional materials. After solid-liquid separation, optionally,
a washing step can be included. Further, it is possible to
thermally treat the bulk catalyst after an optional solid-ligquid
separation and drying step and prior to its being composited
with the additional material.

Step (V)

Ifso desired, an additional material selected from the group
of binder materials, conventional hydroprocessing catalysts,
cracking compounds, or mixtures therecof can be added during
the above-described preparation of the metal oxidic particles
or to the metal oxidic particles after their preparation. Pref-
erably, this additional material is added to the slarry after the
preparation of the metal oxidic particles and prior to the
separation step, but in any case prior to the shaping step. Itis
mostly added after the separation from the ligquid in the mix-
ing/kneading step. Examples of other additional materials

- that can be composited with the metal oxidic particles 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
material 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 (C*wet mixing™). This improves the
mechanical strength of the final catalyst composition.

Compositing the metal oxidic particles with said additional
material and/or incorporating the material during the prepa-
ration of the metal oxidic particles leads to bulk catalysts of
particularly high mechanical strength, in particular if the
median particle size of the metal oxidic particles is in the
range of at least O.5 pum, more preferably at least 1 pm, most
preferably at least 2 pum, but preferably not more than 5000
pm, more preferably not more than 1000 pum, even more
preferably not more than 500 pum, and most preferably not
more than 150 um. Even more preferably, the median particle
diameter lies in the range of 1-150 pm and most preferably in
the range of 2-150 pm.

The compositing of the metal oxidic particles with the
material results in metal oxidic particles embedded in this
material or vice versa. Normally, the morphology ofthe metal
oxidic particles is essentially maintained in the resulting bulk
catalyst.

The binder materials to be applied may be any materials
conventionally applied as binders in hydroprocessing cata-
lyvsts. Examples are silica, silica-alumina, such as conven-
tional silica-alumina, silica-coated alumina and alumaina-
coated silica, alumina such as (pseudo)boechmite, or gibbsite,
titania, titania-coated alumina, =zirconia, cationic clays or
anionic clays such as saponite, bentonite, kaolin, sepiolite or
hydrotalcite, or mixtures thereof. Preferred binders are silica,
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silica-alumina, alumina, titania, titania-coated 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 sIharry mixing and spray-drying being preferred.
These techniques can be applied either before or after any of
the above (further) materials are added (Qf at all), after solid-
liguid separation, before or after a thermal treatment, and
subseguent to re-wetting.

Step(vi)

If so desired, the metal oxidic particle optionally mixed
with any of the above additional materials may be shaped
optionally after step (i1) having been applied. Shaping com-
prises extrusion, pelletizing, 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, polyvethylene glycols, polyethylene oxides, or
mixtures thereof. If the 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 of liguid in the
shaping mixture, expressed as loss of ignition (LL.OI), 1s in the
range of 20-80%% (1.1 after 1 hour at 600° C.).

Step (vil)

After an optional drying step, preferably above 100° C_, the
resulting shaped catalyst composition may be thermally
treated i1if desired. A thermal treatment, however, is not essen-
tial to the process of the invention. As described above, a bulk
catalyst having a temperature sensitive metastable hexagonal
- phase which readily transforms to a crystalline structure, are
preferably heat treated at a temperature below a temperature
where such transition to a crystalline structure occurs, pref-
erably below 450° C., more preferably below 400° C., even
more preferably below 3759 C., most preferably even below
350° C. This thermal treatment is typically done on the final
bulk catalysts after compositing and shaping. The heat treat-
ing time can vary from 0.5 to 48 hours and is done in an mert
gas such as nitrogen, Or in an oxygen-containing gas, such as
air or pure oxygen. T'he thermal 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 i1s 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 (A11)-(vii), most preferably after the shaping to a
shaped bulk catalyst, with a sulphur-containing compound
such as elementary sulphur, hydrogen sulphide, IDIMIDS, 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. Fur-
thermore, it is preferred that the catalyst composition is sul-
phided both 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
first and second compound in a slurry with protic liquid as
described above, slurry mixing the obtained oxidic metal
particles with, e.g. . a binder, isolating the particles via filtra-
tion, wet mixing the filter cake with a material, such as a
binder, kneading, extrusion, drying, calcining and sulphiding.
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The catalysts are characterized using the following meth-
ods:

1. Side Crush Strength SCS

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
force 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) perunit length Goam).
The method preferably was applied to shaped particles with a
length not exceeding, 7 mum.

2. Porosimetry

The N2 adsorption measurement was carried out as
described in: Paul A. Webb and Clyde Orr, ““Analytical Meth-
ods in Fine Particle Technology’, Micromeritics Instrument
Corporation, Norcross, (Ga., USA, 1977, ISBIN 0-9656783-0-
X . Where median pore diameter MPID is mentioned, we refer
to the pore size distribution extracted from the desorption
branch of the nitrogen sorption isotherm according; to the BJEL
method as published: . Barrett, L.. G. Joyner, . PP. Halenda;
The determination of pore volume and area distributions in
porous substances. I. Computations from nitrogen isotherms,
J. . Am. Chem. Soc. (1951), 73, 373-380. Total surface area is
determined by the BET method: S. Brunauer, . H. Emmett
and E. Teller, Adsorption of gases in multimolecular 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) porosimetry as described in e.g. Paul A. Webb and
Clyde Orr, “Analytical Methods in Fine Particle Technol-
ogy”’, Micromeritics Instrument Corporation, Norcross, Ga.,
USA, 1977, ISEBBN 0-9656783-0-X. The contact angle used
was 140 degrees.

3. Amount of Added Solid Metal Compounds

Qualitative determination: 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
are 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
verify that at no point in time during the process of the
invention all metals will be 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 duar-
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, pld, pres-
sure, amount of lHHquid), in such a way that all solid material
contained in the suspension(s) is collected as sohid filter cake.
From the weight of the solid and dried filter cake, the weight
of the solid metal compounds can be determined by standard
technigues. Of course, if apart from solid metal compounds
further solid compounds, such as a solid binder, are present in
the filter cake, the weight of 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 technigues such as atomic
absorption spectroscopy (AAS), XRF, wet chemical analysis,
or 1ICP.

If the metal compounds which are added at least 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 sohid
metal compounds is considered egual to the weight of the
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corresponding initially employed metal compounds, on a dry
basis. The total weight of all metal compounds is the amount
of all metal compounds initially employed, on a dry basis,
calculated as metal oxides.

4. Characteristic Full Width at Half Maximum

The characteristic full width at halfmaximum ofthe oxidic
catalysts was determined on the main reflections in the X-ray
diffraction pattern of the catalyst (in terms of 20 scattering
angle). For the determination of the X-ray diffraction pattern,
a standard powder diffractometer equipped with a graphite
monochromator can be used. The measurement conditions
can, e.g., be chosen as follows: X-ray generator settings: 40
kV and 40 mA, wavelength: 1.5418 angstroms, divergence
and anti-scatter slits: v20O (variable), detector slit: 0.6 mm,
step size: 0.05 (°20), time/step: 2 seconds, Instrument: Bruker
ID5000.

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. CBID> means compacted bulk density of
the catalyst. HT means hydrothermal reaction conditions.
The diesel hydroprocessing test results are given in Table 4
wherein RVA and RWA are relative volume activity and rela-
tive weight activity, respectively, based on the total catalyst

and HIDS is hyvdrodesulphurisation.

The diesel test procedure was performed using two differ-
ent temperature and pressure test conditions 1 and 2. The
postfix 1 or 2 (as for example in RWA1 and RWAZ2) refer to the
test condition 1 and 2 respectively. The RWA HIDN1 results
are not shown because the nitrogen levels in the reaction
product were all so low that the measurement is inaccurate
and differences between the sammples are too small to identify
differences in catalytic activity between samples. Further, the
residual nitrogen and sulphur levels after the hydrotreatment
were determined and given in Table 6 under column S1, S2
and WN2. In the tests different diesel test procedures were used
indicated as D1, ID2 and D3. The RWA/RVA values of the
reference catalysts (€1 in diesel test procedure ID1 and 132
(C1.1 and 1.2 in Table 4) and C2 in diesel test procedure 133
were defined as 100. All other RWA/RVA values are calcu-
lated relative to this reference catalyst.

COMPARATIVE EXPERIMENT C1.1 and C1.2
Nil MoO.5WO.5 R3

115.2 g of Mo, (0.8 mole Mo, ex. Aldrich), 200 g of
tungstic acid H, WO, (0.8 mole W, ex. Aldrich) were slarried
in 6400 ml of water (suspension A) and heated to 90° C. 188
g ofnickel hydroxycarbonate 2NiCOL;*3Ni(OH), *4H_ O (1.6
mole of Ni, ex. Aldrich) were suspended in 1600 ml of water
and heated to 90° C. (suspension B). The nickel hydroxycar-
bonate used in this and the other examples had a B.E.T.
surface area of 239 m</g. Suspension I3 was added to suspen-
sion A in 10 minutes, and the resulting mixture was main-
tained 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 98%. The obtained filter
cake was dried overnight at 120° C. The obtained filter cake
was wet-mixed with 10wt 26 binder, extruded, dried, calcined
and sulphided as described in Diesecl test procedure 132 (re-
sults C1.2 in Table 6). The extrudates were crushed and 40-60
mesh fraction was isolated by sieving. The material was then
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sulphided and tested using the procedure from IDiesel test
procedure 1ID1 (C1.1 in Table 6).

EXAMPILIEE E1
Ni10.75W1 R3 HI

A catalyst having a IN1I/W molar ratio of 0.75 to 1 was
prepared in a manner analogous to what is described in C1,
except that the reaction was carried out nunder autogenic pres-
sure in an autoclave reactor heated with microwave radiation
at a reaction temperature of 1 50° C. and that the reaction time
was about 6 hours. 1.76 g of WNi carbonate (0.0135 moles INi)
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 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 sulphided and tested using the procedure
from IDiesel test procedure 121 . Surprisingly, the performance
of the bimetallic catalyst is improved as compared to the
trimetallic catalyst of C1.1 (Table 6)

NiIWi1 R3 HT

A catalyst was prepared as described in E1, 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 INi carbonate (0.02 moles INi) was added to 100 cc of”
water along withh 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 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 sulphided and
tested using the procedure from Diesel test procedure ID1.
Surprisingly, the performance of the bimetallic material of E2
is improved as compared to the trimetallic C1.1.

EXAMPLE E3

A catalyst was prepared as described in E1, except that the
Ni/W molar ratio was 0.5 to 1 and that the preparation was
carried outon a larger scale. 164.5 g of INi carbonate (1.4 mole
Ni) was added to 14 liters of water along with 699.6 grams of”
5-gallon autoclave, the autoclave was closed 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 wet-mixed with 10 wt 26 binder,
extruded, dried, calcined and sulphided as described in C1
and tested using Diesel test procedure ID2.

EXAMPLE F4
NiO.5WO0.975Nb0.025 R3 HT

A catalyst was prepared as described in E1, except that INb
was added to the reaction mixture, that the T™Ni1 to W to Nb
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molar ratio was 0.5 to 0.975 to 0.025, and that the preparation
was carried out on a larger scale. 164.5 g of N1 carbonate (1.4
mole Ni) 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 tempera-
ture 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 of combined par-
allel preparations were extruded (with 10 wt 26 binder), dried,
calcined and sulphided as described in C1 and tested using
IDiesel test procedure ID2. Surprisingly, the performance of”
the INb containing material is improved as compared to the
bimetallic catalyst 3 and the trimetallic catalyst C1.2 (Table
6). '

EXAMPLE ES5
Nil MoO.5WO0O.5 R3 H'T

A catalyst was prepared with INi to Mo to W molar ratio 1
to O0.5t0 0.5. 2.35 g of Nicarbonate (0.02 moles INi) was added
to 100 cc of water along with 2.5 grams of tungstic acid (0.01
mole W) and 1.44 g ot MoO,; (0.01 mole Mo). 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 at that temperature under autogenic pressure for 6
hours with continuouwus 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
catalyst was sulphided and tested using the Diesel test proce-
dure ID3. ’ o

NilWO.5Mo0O.5 R3

188 > of mnickel hydroxycarbonate 2NICO,*3 N1
(OF),*4T1,O (1.6 mole of INi1) were suspended in 8000 ml of’
water and the resulting slurry was heated to 60° . Subse-
quently 115.2 of MoO,; (0.8 mole Mo) and 200 g of tungstic

was heated to 95° C. and maintained at that temperature for a
period of about 24 hours with continuous stirring. At the end
of this time, the suspension was filtered. The obtained filter
cake was wet-mixed withh 10 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 result-
ing solid was dried at 120° C. for 16 hours (overnight) and
calcined at 300° . 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 IDiesel test procedure
ID3.

COMPARATIVE EXPERIMENT C3
R3 Ni1W1, 90

50.0 g oftungstic acid FI, WO, (0.2 mole W) was slurried in
one liter of water together with 23.5 g of nickel hydroxycar-
bonate 2NICO5*3NI(OHDL*4H O (0.2 mole of Ni1). The sus-
pension of the 2 solids was heated to 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
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filtered. The resulting solid was dried at 120° . for 16 hours
(ovemight). 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 1ID53.

NilWl1 R3 41125

The catalyst was prepared under autogenic pressure in an
autoclave reactor heated with microwave radiation at a reac-
tion temperature of 125° C. and reaction time of about 6
hours. 2.35 g of Ni carbonate (0.02 moles INi) 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° C. for 1 hour. The material was then sul-
phided and tested using the Diesel test procedure 103,

EXAMPLE E7
NilW1 R3 HT150

The catalyst was prepared under autogenic pressure in an
autoclave reactor heated with microwave radiation at a reac-
“tHion temperdture of 150° C. and reaction time of about 6
hours. 2.35 g of N1 carbonate (0.02 moles IN1) 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 Wellon™
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 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° C. for 1 hour. The material was then sul-
phided and tested using the Diesel test procedure D3,

NilWi1l 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 Wi 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 ce total volume and heated at 10° C./min to 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 using the Diesel test procedure D3,
Fxamples F6 to E8 show that hydrothermal conditions result
in a pronounced improvement of the activity compared to
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reference catalyst (C2 and to the same catalyst C3 not prepared
under hydrothermal conditions.

COMPARATIVE EXPERIMENT C4
Nil Nb.O25W. 975 R3

48.7 g oftungstic acid HF, WO, (0.195 mole W) was slharried
in one liter of water together with 23.5 g of nickel hydroxy-

grams of niobic acid (0.005 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
D3, :

COMPARATIVE EXPERIMENT C5
Nil Nb.O5S5W.95 R3

47 .4 g of tungstic acid FI, WO, (0.19 mole W) was shuried
in one liter of water together with 23.5 g of nickel hydroxy-
carbonate 2INiC O, *3N1(OHD L *4F O (0.2 mole of Ni) and 1.6
grams of niobic acid (0.01 moles WNb). 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 svas 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
was then sulphided and tested using the Diesel test procedure
1D3.

COMPARATIVE EXPERIMENT C6
Nil WNb.O75W.925 R3

46.2 g oftungstic acid FI, WO, (0.185 mole W) was slurried
in one liter of water together with 23 .5 g of nickel hydroxy-
carbonate 2IWNiCO; *3N1(OFDL*4F1,O (0.2 molec of Ni) and 2.4
grams of niobic acid (0.01 35 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
D3,

X AMPLE E9
Nil Nb.O25W.975 FT150

The catalyst was prepared under autogenic pressure in an
autoclave reactor heated with microwave radiation at aa reac-
tHon temperature of 150° C. and reaction time of about 6
hours. 2.35 g of Ni carbonate (0.02 moles WNi) was added to
100 cc of water along with 4.87 grams of tungstic acid
(0.0195 mole W) and 0.080 grams of niobic acid (0.0005
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moles Nb). The suspension was put into a sealed Weflon™
vessel of 275 cc total volume and heated at 10° C./min to 150°
. 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 using the Diesel test procedure 133,

EXAMPILE E10
Nil NbO.O5S5WO.95 R3 HTIT150

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 &
hours. 2.35 g of Ni carbonate (0.02 moles Ni) was added to
100 cc of water along, with 4.74 grams of tungstic acid (0.019
mole W) and 0.1 6 grams ofniobic acid (0.001 moles Nb). The
suspension was put 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
I00° C. for 1 hour. The material was then sulphided and tested
using the IDiesel test procedure ID3.

EXAMPLE E11

NilINDHO.O75WO0.925 R3 HT150

The catalyst was prepared under autogenic pressure in an
autoclave reactor heated with microwave radiation at a reac-
trion 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 4.62 grams of tungstic acid
(0.0185 mole W) and 0.24 grams ofniobic acid (0.0015 moles
Nb). The suspension was put 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 IDiesel test procedure 1D3.

Examples FE9 to EE11 show a Niobium containing catalyst
prepared in hydrothermal conditions not only has a signifi-
cantly increased activity compared to non‘hydrothermally
prepared catalysts C4 to C6, but also a very pronounced
unexpected improvement of activity compared to a catalyst
prepared in the same condition without the small amount of
Niobium.

COMPARATIVE EXPERIMENT C7
NilW1 R3, 7 days

50.0 g oftungstic acid FI, WO, (0.2 mole W) was slharried in
one liter of water together with 23.5 g of nickel hydroxycar-
bonate 2WNiC O, *3N1(OF) L, *4F1,O (0.2 mole of Ni1). The sus-
pension of the 2 solids was heated to 90° C. and held at that
temperature for a period of 7 days with continuous stirring. At
the end of this time, the suspension was filtered. The resulting
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solid was dried at 120° . 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
D3. 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 very small
compared to the improvement obtained by the hydrothermal
conditions.

Nil.5Wili1 R3 HI'150

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. 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
mole W). The suspension was put into a sealed Weflon™™
vessel of 275 ce total volume and heated at 10° C./minto 150°
C. and held at that temperature Tor 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 using the Diesel test procedure 1D3. 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 EXPERIMENT C8
NiO.9OWwWi1 R1 90O

49.2 g of ammonium metatungstate (0.2 mole W) were
dissolved in 800 ml ofwater giving a solution ofa pH ofabout
5.2. To this solution, 0.4 moles of ammonium hydroxide (ca.
30 ml) was added, resulting in a pH increase to about 9.8. This
solution was heated to 90° C. (solution A). A second solution
was prepared by dissolving 52.4 g Ni nitrate hexahydrate
(0.18 mole Ni) in 50 ml of water. The solution was maintained
at 90° C. (solution ). Solution B was added dropwise 1O
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° C. The material was filtered hot and dried in air
at 120° C. overnight. 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 howur.
The material was then sulphided and tested using the Diesel
test procedure 1ID3.

EXAMPLE E13
NiO.9W1 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 of 10.48 g N1 nitrate hexahydrate (0.036 mole
Ni) in 100 cc of water was added 9.86 g of ammonium
metatungstate (0.04 mole W) and 6 ml of anumoniumhydrox-
ide. The suspension was put into a sealed Weflon™ vessel of
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275 cc total volume and heated at 10° C./min to 150° C. and
held at that temperature for 30 minutes withh continuous stir-
ring. 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 ID3. The
results show that surprisingly also very good results can be
obtained by reacting under hydrothermal conditions a reac-
tion mixture wherein all components dissolved.

COMPARATIVE EXPERIMENT C9

NilWi1l R2

49 .2 g of ammonium metatungstate (NEFL_ D, 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. The solution was
subsequently heated to 90° C. (solution A). 23.5 g of nickel
hydroxycarbonate 2INiCO;*3WNi(OF), *41,O (0.2 mole INi)
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 atr 120° C.
for 16 hours (overmight). The resulting solid was pelleted, the
pellets were crushed and 40-60 mesh fraction was isolated by

Diesel test procedure D3.

Niltwil R2 HIT150

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. 3.52 g of IN1 carbonate (0.03 moles INi) was added to
150 cc of water along withh 7.40 g of ammonium metatung-
state (0.03 mole W). The suspension was put into a sealed
Wellon™ 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
was then calcined at 300° C. for 1 hour. The material was then
sulphided and tested using the Diesel test procedure ID3 . The
results show that surprisingly also very good results can be
obtained by reacting under hydrothermal conditions a reac-
tion mixture wherein one component is in solid form and the
component is dissolved.

equal amount of SiC particles and sandwiched between layers
of SiC particles. Before being tested the catalysts were pre-
sulphided wia liquid phase presulphiding using the feed
described in Table 1 which had been spiked with dimethyl

disulfide to a total sulfur content of 3.7 wt. 26. The pre
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sulphided catalysts were then tested in the hydrotreating of a
diesel feedstock having the properties shovwn in Table 1:

TABLE 1

GAS OIL FEEDSTOCK.

S (wt. 20) 1.2
N (oprmwt) ) 84
total aromatics (wit. 206) 27.8
polynuclear aromatic (PINA) (wt. 20) 11.7
mono-aromatics (wt. 26) 16.5
di-aromatics (wt. 26) 10.8
tri+-aromatics (wt. %5) a.8
Sumnulated distillation ASTM-ID 86
Initial boiling point 184 .
5 wvol. 2% 218° C.
10 vol. 2o 231 .
30 vol. 26 265< .
50 vol. 26 287 C.
70 vol. %% 310° C.
D0 vol. 26 345 C.
Final boiling point 374 .

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

Presulfiding Comndition 1 Condition 2
Temperature (¢ CJD) 320 330 340
Pressure (bax) 40 40 20
2 to oil ratio (INI/I) 300 300 300
ILHSYV (1/h) 3.00 2.00 1.50

Diesel Test Procedure 152
The catalysts were tested as described in ID1 except for
another space velocity in the 1st condition shown in Table 3:

Presulfiding Condition 1 Condition 2
Temperature (° CL) 320 330 340
Pressure (bar) o) 40 20
H2 1o oil ratio (INI/I) 300 300 300
LLHSWV (1/h) 3.00 1.50 1.50
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Diesel Test Procedure 133

The catalyst was loaded into the reactor in a manner analo-
gous to what i1s described in ID1. Before being tested the
catalysts were presulphided via liqguid phase presulphiding
using LLGO feed described below in Table 5 which had been
spiked with dimethyl disulfide to a total sulfur content of 3.7
wt. 26. The presulphided catalysts were then tested in the
hydrotreating, of a diesel feedstock having the properties
shown in Table 4:

TABLE 4
GAS OIL FEEDSTOCK

S (wt. 20) 1.1969
N (pprmwit) 102

total aromatics (wt. $o) 28.3
mono-aromatics (wWit. 20) 16.5
di-aromatics (swt. 206) 11.0
tri-—~aromatics (wt. 2o) 0.8

Simulated distillation ASTM-ID 86

Initial boiling point 178.4% C.

5 vol. %o 211® C.
10 vol. 26 224° .
30 vol. 2o 261° .
50 vol. 6 283~ C.
70 vol. %o 309° C.
90 vol. %o 348 C.
Final boiling point 372° C.

The catalysts were tested under the two conditions shown
in Table 5:

Presulfiding Condition 1 Condition 2
Temperature (° CL) 320 320 340
Pressure (bar) 45 45 20
2 to oil ratio (INIL/I) 200 300 300
LHSV (1/h) 3.00 3.00 1.50

The ftull width at half maximum (FWHM) was measured
for all examples and was found to be below 2.5 in all
examples. The examples show that under hydrothermal con-
ditions a highly active catalyst could be obtained even at
group VIIT to group VIEB metal molar ratio below 1 where at
normal atmospheric conditions no active catalyst could be
obtained.
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TABLE 6

Test results
test st CBD §I §2 N2 RVA RVA RWA RWA RVA RWA
sample powder extrudates loaded ppm ppm ppm HDSL HDS2 HDSI HDS2 HDN2 HDN2
CL1  NilMo0.SW0.5 R3 crushed Dl 1.2 4 1 5 106 100 60 1060 100 100
Et Ni0.JSW1 RIHT D1 1.63 313 03 14 1% 85 9 15 86
E2 NilW1 R3 HT D1 1.7 308 2 13 1% 90108 130 91
ES NiMo0.SWO.3 R3 HT D1 127 3000 3 1 103 108 % 11 106
CL2  NilMoD.SW05R3 m L7 9 75 12 16 166 100 W0 00 100
E3 Ni0.SWIRIHT D L9 9 93 17 90 10 87 75 82
E4 Ni0SWO.975N60.025 R3 HT D2 L3 4 6 13 1 (1B 8 34 8
Q NilMo0.SW0.5R3 D3 L3 M9 23 37 100 160 100 100 100 100
G NIIW1R3 90 D3 L2 191 206 2 26 36 31 4 38 46
E6 NilWIR3HT125 D3 16 9 13 29 147 A6 14 1D 97
E7 NilW1 R3 HT150 D3 L7 9 9 14 M7 1St 29 113 130 97
E8 NilW1 RIHTITS D3 L7 6 % 12 40 10 Mmoo 127 94
C4 NiING0.025W0.975 R3 D3 LOS 1256 148 21 3 £ 36 50 47 56
cs NiINBO.OSW0.95 R3 D3 L6 679 30 9 43 70 31 80 7 82
6 NiINbOOTSWO.925 R3 D3 112 84 74 13 38 59 4 68 62 n
B9 NilNb0.025W0.975 R3 D3 1.67 509 14 45 149 363 1§ 129 103
HT150
EI0  NilNb0.OSWO9SRIHTIS0 D3 1.63 S 9 15 4% 149 s 119 18 1R
Eil  NilNb0.075W0.925R3 D3 L7 9 1 13 346 137 W 16 133 163
HT130
C7 NilW1R3907 days D3 ISt 67 17029 148 12 14 93 1; 83
EI2  NilSWIR3HTIS0 D3 163 64 20 37 M8 107 115 8 100 7
C8 Ni).OW1 R1 D3 - 25 BI%% 81 40 % R B 38
E13  NiG9WIRIHT {50 D3 192 B 4 23 27 1 9 19 7
Cy NilW1R2 D3 179 42 St 69 60 68 4 7 ] 54
El4  NilWIR2HT 150 D3 6 1 B 33 18 7 % 7 99 79
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The invention claimed is:

1. A bulk catalyst comprising metal oxidic particles com-
prising one or more Group VIEB metals and one or more Group
V111 metals obtainable by a process comprising the steps of

i) combining in a reaction mixture one or more first com-

pounds comprising one or more Group VIII metals and
one or more second compounds comprising one or more
Group VIB metals in the presence of a protic liquid,
wherein the Group VIII metals to Group VIB metals
molar ratio is below 1, and

i1) reacting the compounds under hydrothermal conditions

at a reaction temperature above the boiling temperature
of the protic liquid to form metal oxidic particles.

2. The bulk catalyst according to claim 1, wherein the
reaction pressure is above atmospheric pressure.

3. The bulk catalyst according to claim 1, wherein the
protic liquid is water and the reaction is done in hydrothermal
conditions at a reaction temperature above 100° C. and a
reaction pressure higher than 1 bar.

4. The bulk catalyst according to claim 1, wherein the one
or more first metal compounds and the one or more second
metal compounds remain at least partly in the solid state
during the entire reaction.

5. The bulk catalyst according to claim 1, wherein the metal
oxidic particles are dried and/or heat treflted at a temperature

below 375° C.

6. The bulk Catalyst according to claim 1, wherenl the

reaction mixture comprises a Group V metal.

7. The bulk catalyst according to claim 1, wherein the metal
oxidic particles comprise essentially one Group VIII metal,
and essentially 2 Group VIB metals.

8. The bulk catalyst accordlng to claim 1, wherein the metal
oxidic particles comprise essentially one (Jroup VIII metal,
and essentially one Group VIB metal.

9. A sulphided bulk catalyst characterized in thatitis a bulk
catalyst according to claim 1 that has been sulphided.

10. A process comprising reacting a hydrocarbon feed-
stock in the presence of hydrogen at elevated temperatures
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and elevated pressures with the bulk catalyst or sulphided
bulk catalyst according to claim 1.

11. A process for the manufacture of the bulk catalyst
according to claim 1, comprising metal oxidic particles
obtainable by the steps of:

i) combining in a reaction mixture one or more first com-
pounds comprising one or more Group VIII metals and
one or more second compounds comprising one or more
Group VIB metals in the presence of a protic liquid,
wherein the Group VIII metals to Group VIB metals
molar ratio is below 1, and

ii) reacting the compounds under hydrothermal conditions
at a reaction temperature above the boiling temperature
of the protic liquid at a reaction pressure above atimo-
spheric pressure, to form metal oxidic particles,

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

iii) separating the metal oxidic particles from the reaction
mixture,

iv) compositing the metal oxidic particles with 0.1 to 40 wt
2% of one or more materials selected from the group of
binder materials, conventional hydroprocessing cata-
lysts, cracking compounds, acidic promoters or mix-
tures thereof before, during or after the combining and/
or reacting of the metal compounds,

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

vi) shaping,

vii) drying and/or thermally treating, and

viii) sulphiding. ' ,

12. The process according to claim 11, wherein both the
first and second metal compounds remain at least partly in the
solid state during the entire reaction.

13. The process according to claim 12, wherein both the
first and second metal compounds are free from nitrogen
atoms and wherein protic liquid separated from the obtained
metal oxidic particles after the reaction (step iii) is re-used at
least in part to form the reaction mixture in step i).
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