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- HYDROCRACKING PROCESS USING BULK GROUP VIII/GROUP VIB
' CATALYSTS

CROSS REFERENCE TO RELATED APPLICATIONS

This is a continuation-in-part of U.S. Ser. No. 09/231,156 filed Janﬁary 15, 1999
which is a continuation-in-part of U.S. Ser. No. 08/900,389 filed July 15, 1997.

FIELD OF THE INVENTION

This invention relates to the hydroprocessing of petroleum and chemical
feedstocks using bulk Group VIII/Group VIB catalysts. Preferred catalysts

inclﬁde those comprised of Ni-Mo-W.

BACKGROUND OF THE INVENTION

As the supply of low sulfur, low nitrogen crudes decrease, refineries are
pprocessing crudes with greater sulfur and nitrogen contents at the same time that
environmental regulations are mandating lower levels of these heteroatoms in
products. Consequently, a need exists for increasingly efficient desulfurization

and denitrogenation catalysts.

In one approach, a family of compbunds, related to hydrotalcites,' e.g.,
ammonium nickel molybdates, has been prepared. Whereas X-i'ay diffraction
analysis has shown that hydrotalcites are composed of layered phases with
positively charged sheets And exchangeéble anions located in the galleries
between the sheets, the related ammonium nickel molybdate phase has |

| molybdate anions in interlayer galleries bonded to nickel oxyhydtoxide sheets.
See, for examplé, Levin, D., Soled, S. L., and 'Ying, J.Y, Crystél Structure of an
Ammoniu_m Nickel Molybdate prepared by Chemical Precipitation, Inorganic
Chemistry, Vol. 35, No. 14, p. 4191-4197 (1996). The preparation of such
materials also has been reported by Teichner and Astier, Appl. Catal. 72, 321-29
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~(1991); Ann. Chim. Fr. 12, 337-43 (1987), and C. R. Acad. Sci. 304 (II), #11,
-563-6 (1987) and Mazzocchia, Solid State Ionics, 63-65 (1993) 731-35. .

Now when molybdenum is parnally subsntuted for by tungsten, an
amorphous phase is produced which. upon decomposmon and, preferably, -

sulfidation, provxdes enhanced hydrodemtrogenanon (HDN) catalyst activity

'relatwe to the unsubstituted (NI-MO) phase.

' SUMMARY OF THE INVENTION

In accordance with this invention there is provided a process for

hydroprocessing a hydrocarbon feedstock, which process comprises contacting

' said feedstock, at hydroprocessing conditions, with a bulk catalyst c.omprised of -

at least one Group VIII metal and two Group VIB metals, which catalyst
comprises a bulk metal catalyst containing non-noble Group VIII metal
molybdate in which at least a portion but less than all of the molybdenum is

replaced by tungsten The hydroprocessmg process is selected from at least one - -

of hydrodesulfurization, hydrodemtrogenatxon, hydrodemetallatxon,

| hydrodearomatization, hydrmsomenzahon, hydrodewaxmg, hydrotreatmg,
- hydrofimng and hydrocrackmg '

~ Inone embodlment of the mventlon there 1s provxded process for
preparing lubncatmg oxl basestocks which compnses _ _ _

" (a) contactmg a hydrocarbon feedstock feedstock denved from at least ~
one of thermal treatment, catalync treatment, extractlon dewaxmg or

fractionation of a petroleum crude or fracnon thereof shale oil, tar sands or

~ synthetic crude with a bulk metal catalyst under hydrocrackmg condltlons, said

catalyst comprising non-noble Group VIII metal molybdate in which at least a

'pomon but less than all of molybdenum is replaced by tungsten, and
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(b)  fractionating hydrocracked feedstock to produce a distillate

lubricating oil fraction.

Another embodiment of the invention relates to a process for producing

lubricating oil basestocks which comprises:

(a) . feeding a hydrocarbon feedstock derived from at least one of
thermal treatment, catalytic treatment, extraction, dewaxing or fractionation of a
petroleum crude or fraction thereof, shale oil, tar sands or synthetic crude, to a
ﬁrst'hydrocracking zone containing a hydrocracking catalyst wherein said
hydrocracking catalyst is a bulk metal catalyst .com.prising non-noble Group VIII
metal mol_ybdal;e in which at least a portion but less than all of molybdenum is

replaced by tungsten to produce a hydrotreated feedstock;

(b)  hydrocracking the feedstock under hydrocracking conditions to
produce a hydrocracked;

(¢)  conducting the hydrocracked feed to a second hydrocracking zone
containing a second hydrocracking catalyst and hydrocracking the ﬁrsf
hydrocracked feed under hydrocracking conditions to produce a second
hydrocracked feed; and

(d) fractionating the second hydrocracked feed to produce a distillate

lubricating oil fraction.

In another preferred embodiment of the present invention the catalyst
composition is prepared by a process which comprises contacting at least one

Group VIII non-noble metal component with the Group VIB metal component in
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the presence of a protic liquid Wherein during contacting not all of the Group_. 3

VIB and/or Group VIII non-noble metals are in solution.

The preferred catalyst composition of the present invention can be further
descnbed as a bulk mixed metal oxide whnch is preferably sulfided prior to use,

and which is represented by the formula:
 (X) (Mo). (W)3 O

wherein X is non-noble Group VIII metal, th'é molar rafio of b: (c+d) is 0.5/1°to;
3/1, preferably 0.75/1 to 1 S/, more preferably 0.75/1 to 1.25/ 1;

The iolar ratio of c:d is preferably >0.01/1, more preferably >0.1/1; still - .

more preferably 1/10 to 10/1, still more preferably 1/3 to 3/1, most preferably

substantially equimolar amounts of Mo and W, e.g., 2/3 to 3/2; and z = [2b + 6 -
(c+d))/2. | |

The essentially amorphous material has a unique X-ray diffraction pattern:

showing dystalline peaks at d = 2.53 Angstroms and d = 1,70 Angstroms. -

The mixed metal oxide is readily produced by the decomposition of 4

precursor having the formula:

(NH,), (X)p (Mo). (W30,

wherein the molar ratio of a:b is < 1.0/1, preferably 0-1; and X, b, ¢, and d, are as
defined above, and z=[a+2b+6 (c+d)]l2 The precursor has smnlm' peaks at d
=2.53 and 1.70 Angstroms '



- WO 00/42128 PCT/US00/01004
-5.

Decomposition of the precursor may be effected at elevated temperatures,
‘e.g., temperatures of at least about 300°C, preferably about 300-450°C, ina
suitable atmosphere, e.g., inerts such as nitrogen, argon, or steam, until
decomposition is substantially cbmplete, i.e., the ammonium is substantially
completeiy driven off. Substantially complete decomposition can be readily
 established by thermogravimetric analysis (TGA), i.e., flattening of the weight

- change curve.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is the X-ray diffraction pattern of a NH4Ni; sMog sWo 5
compound prepared by boiling precipitation before calcining (Curve A) and after
" calcining at 400°C (Curve B). Note that the pattems for both the precursor and
the decomposition product of the precursor are quite similar with the two peaks
at essentially the same place. The ordinate is relétive intensity; the abscissa is

two theta (degrees).

Figure 2 shows the X-ray diffraction patterns, by CuKa radiation
(A=1.5405A), of NH,-Ni-Mo,_,-Wy-O precursors wherein curve A is
Moo gWp.1, curve B is Mog 7W(.3, curve Cis Mog 5Wg_5. curve D is _
Mog 3W_7, curve E is Mog_} Wg.9, and curve F is MogWj. The ordinate and

abscissa are as described for Figure 1.

PREFERRED EMBODIMENTS

The catalyst composition according to the invention can be used in
virtually all hydroprocessing processes to treat a plurality of feeds under wide-
ranging reaction conditions such as temperatures of from 200 to 450°C, hydrogen

pressures of from 5 to 300 bar, liduid hourly space velocities of from 0.05 to 10
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h™ and hydrogen treat gas rates of from 35.6 to 1780 m>/m’ (200 to 10000
SCF/B). The term "hydroprocessmg encompasses all processes in which a
hydrocarbon feed is reacted with hydrogen at_the temperatures and pressures- S
noted above, and include ,hydrogenat'ion, hydrotre_ati_n-g, hydrodesuifurization,. Lo

hydrodenitrogenation; hydrodemetallation, hydrodearomatization,

hydroisomerization, hydrodewaxing, and hydfocracking including selective- .- . .. .:

| hydrocracking. Dependihg on the type of hydrOproceséing and the reaction - -
conditions, the products' of hydroprocessing may show improved viscosities, .. - -
| viscosity indices, saturates content,'lo'w temperature properties, volatilities and . -
depolarization. Feeds fot' hydroprocessing include reduced crudes, -
hydrocrackates, raffinates, hydrotreated oils, atmospheric. and vacuum gas oils,
coker gas oils, atmospheric and vacuum reside, deasphalted oils, dewaxed oils,
slack waxes; Fischer-Tropsch waxes and mixtures thereof. It is to be understood
that hydroprocessing of the present invention can be practiced in one or more .
reaction zones and can be practiced in either countercurrent flow or cocurrent
flow mode. By countercurrent flow mode we mean a process mode wherein the -

feedstream flows countercurrent to the flow of hydrogen-containing treat gas. -

The catalyst composmon of the invention is parttcularly sultable for .

~ hydrotreating the hydrocarbon feeds sultable for hydroprocessmg as noted above R

Examples of hydrotreattng mclude hydrogenatlon of unsaturates,
hydrodesulfurization, hydrodemtrogenauon hydrodearomattzatton and mild-
hydrocrackmg Conventional hydrotreating conditions include temperatures of
from 250° to 450°C, hydrogen pressures of from 5 to 250 bar, liquid hourly space-:
velocities of from 0.1 to 10 h, and hydrogen treat gas rates of from 90 to 1780
m’/m’® (500 to 10000 SCE/B). The hydrotreating processes using the catalyst
according to the invention may be particularly suitable for making lubricating oil .

basestocks meeting Group II or Group III base oil -requirements.
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A wide range of petroleum and chemical feedstocks can be

- hydroprocessed in accordance with the present invention. Suitable feedstocks
range from the relatively light distillate fractions up to high boiling stocks such
as whole crude petroleum, reduced crudes, vacuum tower residua, propane
deasphalted residua, e.g., brightstock, cycle oils, FCC tower bottoms, gas oils .

inc':luding coker gas oils and vacuum gas oils, deasphalted residua and other

| heavy oils. The feedstock will normally be a C,+ feedstock, since light oils will
usually be free of si gnificant qﬁantities of waxy components. However, the
process is also particularly useful With waxy distillate stocks, such as gas oils,
kerosenes, jet fuels, lubricating oil stocks, heating oils, hydrotreated oil stock,
furfural-extracted lubricatiné oil stock and other distillate fractions whose pour
point and viscosity properties need to be maintained within certain specification
limits. Lubricating oil stocks, for example, will generally boil above 230°C and
more usilally abdvé 315°C. For purposes of this invention, lubricating oil or lube

~ oil is that part of the hydrocarbon feedstock having a bdiling point of at least
315°C, as determined by ASTM D-1160 test method.

The hydrocarbon feedstocks which are typically subjected to
hydrocracking herein will typically boil at a temperature above 150°C. The
feedstocks can contain a substantial amounit of nitrogen, e.g. at least 10 wppm
nitrogen, and even greater than 500 wppm, in the form of organic nitrogen
compounds. The feeds czin also have a significant sulfur content, ranging from
about 0.1 wt.% to 3 wt.%, or higher. If desired, the feeds can be treated in a
known or conventional manner to reduce the sulfur and/or nitrogen content
thereof. Examples of hydrocarbon feedstocks are those derived from at least
one of thermal treatment, catalytic treatment, extraction, dewaxing or
fractionation of a petroleum crude or fraction thereof, shale oil, tar sands or

synthetic crude.
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~ In the present hydroéarbo'ri proéess; a feedstock :is. subjected to-
hydméracking"in a first zone in the presence of the bulk metal catalyst of the. - .
invention. 'H)I'drOCra_ck'ing ﬁ:onditi_ons- include -temperatures of from 300.t0 480
°C, hy'drdgen pr_eS‘sureS of from 1000 to 3500 psig (6995 10 24234 KPa), liquid

hourly space ;veldci'tie's of from 0.2 tc) 4.0 and hydrogen treat gas rates of from

1000 to 15000 scf/B (178 to 2670 m*m’).” The product from the first -

hydrocracking zone may be fractionated to isolate a lubricating oil fraction. °

The pr'o_dlict, i;e., hydrocrackate, from the first hydrocracking zone may be

_ further hydrocracked in a second hydrocracking zone. The hydrocracking

conditions in the second hydrocracking zone are the same as those in the first
hydrdcracking zone.' The hydrocracking catalyst in the second hydrocracking
zone may be the bulk metal catalyst of the.first‘h}'dmcracking zone, crystalline or
amorphous metal okides or mixtures thereof. Prefefred crystalline metal oxides .
are molecular sigves including zeolites and silicoaluminophosphates. Preferred -
zeolites include zeolite X and Y which may be supported on a refractory metal

oxide. Preferred amorphous metal oxides include silica-alumina.

The hydrocrackate from either the first or second hydrocracking zones
may be further processed by fractionation to obtain a distillate lubricating oil -
fraction. This distillate fraction fnay’ then be solvent extracted with cbh.ventiona_l

solvents such as furfural, phenol or N-methyl-2-pyrrolidone (NMP) under o

~ solvent extraction conditions. Raffinate from solvent extraction may then be -

further processed by a combination of "dewaxing and/or hydroﬁnishihg;_
Dewaxing may be by solvent or catalytic dewaxing. Preferred solvent dewaxing:

utilizes conventional solvents including ketones such as methyl éthyl ketone,

| methyl isobutyl ketone or mixtures thereof. Catalytic dewaxing is by 8, 10 or 12

ﬁng molecular sieves, preferably 10 ring molecular sieves under catalytic

dewaxing conditions. Preferred 10 ring molecular sieves are zeolites or SAPOs. .
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Preferred zeolites include ZSM-5, ZSM-22, ZSM-23, ZSM-35, ZSM-48 and
ZSM-57. Preferred SAPOs include SAPO-11 and SAPO-41. In the alternative,
the distillate fraction may be catalytically dewaxed without an intervening

solvent extraction step.

The solvent or catalytically dewaxed product may then be hydrofinished
in a hydrofinishing zone under hydrofinishing conditions. Hydrofinishing
conditions include a teniperature of from 200 to 370 °C, pressure of from 150 to
3000 psig (1136 to 20786 kPa), liquid hourly space velocity of. from 0.2 t0 5.0
and a hydrogen -tr.éat rate of from 100 to 5000 scf/B (17.8 to 890 m3/m3).
'Hydrofinishing catalysts may be the bulk metal catalyst used in the
hydrocracking zone or may be conventional hydrofinishing catalysts such as
those containing at .least one Group VIII metal on a refractory metal oxide
support which may be prdmoted. The Group. VIII metal may l;e combined with a
.G.roup VIB metal. If fhe Group VIII metal is a. non-noble rhetal, itis pfefefably
combined with a Group VIB metal.’

Products from the process of the invention include Grdupl 11 and Group I
lubricating oil baseétocks. Group II basestocks have a saturates content of at -
least 90%, a sulfur content less than 0.03 wt.% and a VI less than 120. Group III
basestocks have a saturates content of at least 90%, a sulfur content less than
0.03 wt.% and a VI greater than 120. |

For purposes of the present invention where it is desirable to produce a
lube basestock the feed can be a wide variety of wax-containing feedstocks
 including feeds derived from crude oils, shale oils and tar sands as well as
synthetic feeds such as those derived from the Fischer-Tropsch process. Typical
wzix—contaihing feedstocks for the prepératiori of lubricating base oils have initial
boilitig points of about 315°Cor higher, and include feeds such as reduced |

crudes, hydrocrackates, raffinates, hydrotreated oils, atmospheric gas oils,
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vacuum gas oils, coker-g'aé oils; atmospheric and vacuum resids, deasphaited
oils, slack waxes and Fischer-Tropsch wax. . Such feeds may be derived from - . -

distillation towers (auﬁospheﬁc and vacuum), hydrocrackers, hydrotreaters and -

~ solvent extraction units, and may have wax contents of up to 50% or more. -

The pre_sént' invention can also be used to produce white oils. White

mineral oils, called white oils, are coiorless, transparent, oily liquids obtained by

the reﬁning of crude petroleum fced_stbcks_. In the production of white oils, an

approbriate petroleum feedstock is r’efih_ed to eliminate, as-completely as
possible, oxygen, nitrogen, and sulfur compounds, reactive hydrocarbons -
including aromatics, and any other impurity which would prevent use of the

resulting white oil in the phér’maceutical or fo.od industry.

‘The feedstream is contacted at hydroProées_sing conditions with a bulk -

cdt'alyst containing two Group VIB metals and at least one non-noble Group VIII .

metal, preferably two Group VIB metals and one non-noble Group' VIl metal, : .

more preferably Ni-Mo-W. Thé bulk catalyst compositions of the present

invention can be prepared by a process wherein all of the metal precursor

components are in solution or where not all of the metal components are in

solution. That is, a process which comprises contacting at least one Group VHI

non-noble metal component with at least one Group. VIB metal component in the -

_presence of a protic liquid wherein during contacting not all of the Gfoup VIB

and/or Group VIII non-noble metals are in solution.

Process for preparing catalyst wherein not all of the metals are in'solution.

Génerally, thé_ contacting of the metal components in the presence o'f.th_e
protic liquid comprises mixing the metal cbmpo_nenfs and s_ubs_eq_ue_ritly_ reacting
the resulting mixture. It is essential to the _s_blid route that at least one metal

components is added at least partly.in the solid étate dﬁr‘mg the mixihg step and
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that the metal of at least one of the metal components which have been added at
least partly in the solid state, remains at least partly in the solid state during tine
mixing and reaction step. "Metal" in this context does not mean the metal in its
metallic form but present in a metal compound, such as the metal component as

initially applied or as present in the bulk catalyst composition.

Generally, during the mixing step either at least one metal component is added
at least partly in the solid state and at least one metal component is added in the
solute state, or all metal compohents are added at least partly in the solid state,
wherein at least one of the metals of the metal components which are added at -
least partly in the solid state remains at least partly in the solid state during the
entire process of the solid route. That a metal component is added “in the solute
state" means that the whole amount of this metal component is added as a -
-solution of this metal component in the protic liquid. That a metal component is
added "at least partly in the solid state” means that at least part of the metal
component is added as solid metal component and, optionally, another part of the
metal component is added as a solution of this metal component in the protic
liquid. A typical example is a suspension of a metal component in a protic liquid
in which the metal is at least partly present as a solid, and optionally partly
- dissolved in the protic liquid.

If during the mixing step at least one metal éomponent is added at least .
partly in the solid state and at least one metal component is added in the solute
state, the following process alternatives can be applied: it is possible to first
prepare a suspension of a metal component in the protic liquid and to add
simultaneously, or one after the other, solutions and/or further suspensions
comprising dissolved and/or suspended metal components in the protic liquid. It
is also possible to first combine solutions either simultaneously or one after the
other and to subsequently add further suspensions and optionally solutions either

simultaneously or one after the other. If during the mixing step, each metal
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component is added at least partly in the 'sol.id state, it is possible to prepare
suspensions comprising the metal components and to combine these suspensions
either one after tﬁe other or simultaneously. It is also possible to add tlte-metal
components as such to a suspension or soluuon of at least one of the metal. .

components

ln all the above—describe'd cases; the SUspensiOn compfising a metal
component can be prepared by suspendmg a preformed metal «component inthe .
_protxc hquld However, it is also possxble to prepare the suspension.by (co)

preclpltatmg one or more metal components in the protic liquid. The--resultmg— o

'suspension can either be applied as such in the process of the solid route, i.e., . .

further metal components either in solution, slurry or per se are added to the - - -
resulting suspension, or it can be apphed after solid-liquid separation-and .

optionally re-slurrymg of the obtamed solid metal component in the protic. hquxd

Further, in all the above cases, instead of a suspension of a metal _
component, it is also possible to use 'a_metal component in the wetted or dry -
state. Wetted or dry metal components can be prepared from preformed metal-
components or by precipitation as described above and by subsequently partly or
completely removing the protic liquid. However care must be taken that any -

protlc hquld is present dunng contactmg

| It must be noted that the above process altematxves are only some
examples to illustrate the mixing step. Independently from the number of metal
components that are applied in the solid route, the order of addmon is generally -

not critical to the process of this invention.

In one embodiment of the present invention (solid route), one of the metal . -

components is added at least partly in the solid state and further metal -
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components are added in the solute state. For instance, one metal component is
added at least partly in the solid state and two metal components are added in the
solute state. In another embodiment, two metal components are added at least |
partly in the solid state and one metal component is added in the solute state. In
still another embodiment, three or more metal components are added at least
partly in the solid state and no further metal components are added in the solute
state. Generally, the number of metal components which are added at least partly
in the solid state and which are added in the solute state is not critical to the this

invention.

It will be clear that it is, e.g., not suitable to prepare first a solution
comprising all metal components necessary for the preparation of a certain
catalyst composition and to subsequently coprecipitate these components. Nor is
it suitable for the process for the this invention to add metal components at least
- partly in the solid state and to choose the process conditions, such as
temperature, pH or amount of protic liquid in such a way, that all added metal
components are present at least at some stage completely in the solute state. On
the contrary, as has been set out above, for the solid route, at least the metal of
one of the metal components that are added at least partly in the solid state must

remain in at least partly the solid state during the entire process of this invention.

Preferably, at least 1 wt.%, even more preferably at least 10 wt.% and most
preferably at least 15 wt.% of the metal components are in the solid state during
mixing, based on the total weight of all added metal components, i.e., of all
metal components employed initially in the solid route, calchlated as metal
oxides. When it is desired to obtain a high yield, i.e., a high amount of the bulk
catalyst composition, the use of metal components of which a high amount
remains in the solid state during contacting is recommended. As in this case, low

amounts of metal components remain solved in the mother liquid, the amount of

L
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metal components ending up in the wastewater during the subsequent solid-

liquid separation is decreased.

- If .the metals which are added at least partly in the solid state are added as a-
- suspension, the amount of solid metals in this suspension can be determiri_ed by .
.filn_‘ation of the suspension at the condi‘_t_ioris which .ére zipplied during the mixing -
step (temperatui'e, pH, pr¢ssure, zirxio’unt of 'liquid) insucha way'thaﬁ all solid
material contained in the suspension is collected as soii_d filter cake. From the -
weight of the solid and Idried filter cake, the weight of the solid metals can be
~determined by standard techniques. If se\}eral suspensions are applied, the
weight of the solid metal components contained in these suspensions must be
added to each other to give the total amount of solid metal components,
calculated as metal oxides. Of course, if apart from solid metal components . .
_' further solid components 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 ..

metal components in the solid and dried filter cake. In this case, standard

techniques such as atomic absorption spectroscopy (AAS), XRF, wet chemical - . . -

analysis,' or ICP can determine the amount of solid metals in the filter cake.

B If the metal component, ‘which is added at least partly in the Solid-sfate,- is
added in the wetted or dry state, a filtration generally is not possiblé. In this
case, the weight of the solid metal éomponeﬁt is considered .equ_al.to. the weight - -
of the corresponding initially employed metal component. The total weight of all -
métal'components is the amount of all metals that are initially employed as metal -

components, calculated as metal oxides.

It has been found that the morphology and texture of the metal
component, which remains at least partly in the solid state during contacting,

may determine the morphdlogy and texture of the bulk catalyst composition.
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Consequently, e.g., by applying metal component particles with a certain

morphology and texture, the morphology and texture of the resulting bulk

catalyst particles can be controlled. "Morphology and texture" in the sense of the .

present invention refer to pore volume, pore size distribution, surface area,

particle form, and particle size.

To obtain a bulk catalyst composition with high catalytic activity, it is
therefore preferred that the metal components, which are at least partly.in the
solid state during contacting, are porous metal components. It is desired that the
total pore volume and pore size distribution of these metal components is

- approximately the same as those of conventional hydrotreating catalysts.
Conventional hydrotreating catalysts generally have a pore volume of 0.05 - 5
ml/g, preferably of 0.1 - 4 ml/g, more preferably of 0.1 - 3 ml/g and most
preferably of 0.1 - 2 ml/g determined by nitrogen adsorption. Pores with a
diameter smaller than 1 nm are generally not present in conventional
hydrotreating catalysts. Further, conventional hydrotreating catalysts have
generally a surface area of at least 10 m*/g and more preferably of at least 50
m?/g and most preferably of at least 100 m?/g, determined VIB the B.E.T.
method. For instance, nickel carbonate can be chosen which has a total pore
volume of 0.19 - 0.39 ml/g and preferably of 0.24 - 0.35 ml/g determined by
nitrogen adsorption and a surface area of 150 - 400 m?/ g and more preferably of
200 - 370 m%g determined by the B.E.T. method. Furthermore these metal
components should have a median particle diameter of at least 50 nm, more
preferably at least 100 nm, and preferably not more than 5000 m and more
preferably not more than 3000 um. Even more preferably, the median particle
diameter lies in the range of 0.1 - 50 um and most preferably in the range of 0.5 -
50 um. For instance, by choosing a metal component which is added at least
partly in the solid state and which has a large median particle diameter, the other
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- metal components will only react with the outer layer of the large metal_ .

oomponent particle. In this case, so-called "core-shell” structured bulk catalyst - -

particles are obtained.

| An appropriate morphology: and texture of the metal component can either

be achieved by applying suitable preformed metal components or by preparing

- these metal components by the abo{ré-describe_d precipitation under such

conditions that a suitable morphology and texture is obtained. A proper selection - -

of appropriate precipitation conditions can be made by routine experimentation. .

As has been set out above, to retain the morphology and texture of the
metal components which are added at least partly in the solid state, it is essential
that the metal of the metal component at least partly remains in the solid state
during the whole process of ihis solid route. It is noted again that it is essential -
that ih no case should the amount of éo_lid metals during the process of the solid -
route becomes zero. The presence of solid metal comprising particles can easily
be déte_cted by visual inspection at least if the diameter of the solid particles in : -
which the metals are comprised is larger than the anelength- of visible light. Of
coufSe, methods such as Quasi-elas'ﬁc light scattering (QELS) or near forward

scattering which are known to the skilled person can also be used to ensure that

-inno point in time of the process of the solid route, all metals are in the solute’

state.

Without wishing to -be bound by any theory, it is believed that during the

pro,ceés of the solid route, the metal components, which are added during the

‘mixing step at least partly, react with each other. The protic liquid is responsible

for the transport of dissolved metal components. Due to this transport, the metal
components come into contact with each other and can react. It is believed that

this reaction can even take place if all metal oomponents are virtually completely
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in the solid state. Due .to the presence of the prbtic_ liquid, a small fraction of
metal components may still dissolve and consequently react as described above. -
The presence of a protic liquid during the procéss of the solid route is therefore
considered essential. The reaction can be monitored by any conventional
technique such as IR spectroscopy, Raman spectroscopy, or by monitoring the

pH of the reaction mixture.

In one preferred embodiment of the solid route, during mixing not all metal
components are added completely in the solid state. Preferably, at least 0.1
wt.%, more preferably at least 0.5 wt.% and stilt more preferably at least 1 wt.%
of the metal components initially employed in the solid route are added asa
solution during the mixing step, .calculated as metal oxides. In this way, proper

contacting of the metal components is ensured.

- The protic liquid to be applied in the solid or solution route of this
invention for preparing catalyst can be any protic liquid. Examples include
water, carboxylic acids, and alcohols such as methanol or ethanol.- Preferably, a-
liquid comprising water such as mixtures of an alcohol and water and more
preferably water is used as protic liquid in this solid route. Also different protic
liquids can be applied simultaneously in the solid route. For instance, it is
possible to add a suspension of a metal component in ethanol to an aqueous
solution of another metal component. In some cases, a metal component can be
used which dissolves in its own crystal water. The crystal water serves as protic

liquid in this case.

: The molar ratio of Group VIB to Group VIII non-noble metals applied in
the solid route ranges generally from 10:1 - 1:10 and preferably from 3:1 - 1:3.
In the case of core-shell structured particles, these ratios may lie outside the

above ranges. If more than one Group VIB metal is used, the ratio of the
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different Group VIB metals is generally not c_riticztl. The same holds when more
than one Group VI non-noble metal is used. In the case where molybdenum- '
and tungsten are apphed as Group VIB metals, the molybdenum:tungsten ratlo

preferably lies in the range of 9:1-1:9.

- The 'Group VIB metal generally comprises chromium, 'molybdenun'i," R
tungsten, or mixtures thereof. Suxtable Group VIII non-noble metals are, e.g.,

iron, cobalt; nickel, or mixtures thereof. Preferably, a combination of metal .

components comprising nickel, molybdenum and tungsten or nickel, cobalt, . . -

‘molybdenum and tungsten is applied in the process of the solid route. Ifthe .
protic 1iquid is water, suitable nickel components which are at least partly in the
solid state during contacting comprise water-insoluble nickel components such
as nickel carbonate, nickel hydroxide, nickel phosphate, nickel phosphite, nickels .
. formiate, nickel sulfide, nickel molybdate, nickel tungstate, nickel oxide, nickel r
alloys such as nickel-molybdenum alloys, Raney nickel, or tnixtutes thereof.
Suitable molybdenum components, which are at least partly in the solid state -
during contacting, comprise water-insoluble molybdenum components suchas - . . -
molybdenum (di- and tri) oxide, molybdenum carbide, molybdenum nitride,:
aluminum molybdate, molybdic acid (e.g. H,M0O,), molybdenum sulfide, or - -
mixtures thereof. Finally;-suitable tungsten cornpo'nents which are at least partl'y
in the solid state durmg contacting comprise tungsten di- and tnoxtde tungsten

. sulfide (WS, and ng) tungsten carbide, tungstic acid (e.g., H;WO, HoO
H,W,0y5 9H,0), tungsten nitride, aluminum tungstate (also meta-, or
polytungstate) or mixtures thereof. These components are generally
commercially available or can be prepared by, e.g., precipitation. e.g., nickel
carbonate ean be prepared from a nickel chloride, sulfate, or nitrate solution by -
adding an appropriate amount of sodium carbonate. ‘It is generally known to the -
skilled person to choose the precipitation conditions in such a way as to obtain

the desired morphology and texture.
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In géneral, metal components, which mainly contain C, O. and/or H beside

the metal, are preferred because they are less detrimental to the environment.

Nickel carbonate is a preferred metal component to be added at least partly in the .. .

solid state because when nickel carbonate is applied, CO, evolves and positively
influences the pH of the reaction mixture. Further, due to the transformation of
carbonate into CO,, the carbonate does not end up in the wastewater.

Preferred nickel components which are added in the solute state are water-
. soluble nickel components, e.g., nickel nitrate, nickel suifate, nickel acetate,
nickel chloride, or mixtures thereof. Preferred molybdenum and tungsten
components which are added in the solute state are water-soluble molybdenum
and tungsten components such as alkali metal or ammonium molybdate (also
peroxo-, di-, tri-, tetra-, hepta-, octa-, or tetradecamolybdate), Mo-P .
heteropolyanion compounds, Wo-Si heteropolyanion compounds, W-P
heteropolyanion compounds, W-Si heteropolyanion compounds, Ni-Mo-W
heteropolyanion compounds, Co-Mo-W heteropolyanion compounds, alkali
metal or ammonium tungstates (also meta-, para-, hexa-, or polytungstate), or

-mixtures thereof.

Preferred combinations of metal components are nickel carbonate,
tungstic acid and molybdenum oxide. Another preferred combination is nickel
carbonate, ammonium dimolybdate and ammonium metatungstate. It is within
the scope of the skilled person to select further suitable combinations of metal -
‘components. It must be noted that nickel carbonate always comprises a certain
amount of hydroxy-groups. It is preferred that the amount of hydroxy-groups

present in the nickel carbonate be high.

In the following, preferred process conditions during the mixing and

subsequent reaction step shall be described:
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| a) :Mixing step: - - .

- The process conditions during the "mixing step Ia.re' generally not critical. ‘It
is, €.g., possible to add all components at ambient temperature at their natural pH
(ifa suspensron or soluuon is apphed) Generally, it is of course preferred to .
keep the temperature below the boxlmg point of. the protic liquid, i.e., 100°C in -
the case of water to ensure easy handling of the components durmg the mixing .-

step. However, if desired also tt.mperatures above the bmlmg point of the protic -

liquid or different pH values can be applied. If the reaction step is carried outat.- . -

increased temperatures, the suspensions and solutions which are added during -
~ the mixing step are generally preheated to an increased temperature which can be

equal to the reaction temperature.

b) Reaction step

After all metal components have béen mixed, they are generally agitated.
at a certain temperature for a certain period of time to allow the reaction to take
place. The reaction temperature preferably is in the range of 0° - 300°C, more - - -
' preferably 50° - 300°C, even more preferably 70° - 200°C and most preferably in
the range of 70° - 180°C. If the temperature is below the borlmg point of the
protic hqmd such as 100°C in the case of water, the process is generally carried
out at atmospheric pressure. Above this temperature, the reaction is generally -
carried out at increased pressure, preferably in an autoclave. Generally, the -
mixture is kept at its natural pH during the reaction step. The pH is preferably in
the range of 0 - 12, more.preferabl'y 1 - 10 and even more preferahly- in the range
of 3 - 8.. As has been set out above, care must be taken that the pH and the
temperature are chosen in such a way that not all the metals are dxssolved during -

the reaction step.
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The reaction time generally lies in the range of 1 minute to several days, -
more preferably 1 minute to 24 hours, and most preferably in the range of 5 -
- minutes to 10 hours. As has been mentioned above, the reaction time depends on

- the temperature.

Process step (i) according to the solution route

As mentioned above, alternatively to the above-described solid route for
step (i), itis also possible to prepare the bulk catalyst composition by a process
comprising reacting in a reaction mixture a Group VIII non-noble metal |
component in solution and a Group VIB metal component in solution to obtain a
precipitate. As in the case of the solid route, preferably, one Group VIII non-
‘noble metal component is reacted with two Group VIB metal components. The
- molar ratio of Group VIB metals to Group VIII non-noble metals applied in the
process of the solution route is preferably the same as described for the solid
route. Suitable Group VIB and Group VIII non-noble metal components are,
e.g., those water-soluble nickel, molybdenum and tungsten components -
described above for the solid route. Further Group VIII non-noble metal
components are, e.g., cobalt or iron components. Further Group VIB metal
components are, e.g. chromium components. The metal components can be
added to the reaction mixture in solution, suspension or as such. If soluble salts
are added as such, they will dissolve in the reaction mixture and subsequently be

precipitated.

- The reaction mixture is reacted to obtain a precipitate. Precipitation is
effected by adding a Group VIII nonnoble metal salt solution at a temperature
and pH at which the Group VIII nonnoble metal and the Group VIB metal
precipitate, adding a compound which complexes the metals and releases the
metals for precipitation upon temperature increase or pH change or addinga

Group VIB metal salt solution at a temperature and pH at which the Group VIII
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. nonnoble metal and Group VIB metal precipitate, 'chhhgi’ng the temperature,

chaﬂging the pH, or lowering the amount of the solvent. The precipitate- o
obtained with this process appears to have high catalytic activity. In contrastto - - -

thé'convéntio'nal hydroprocessing catalysts, which usually comprise a carrier

impregnated with Group VIII non-noble metals and Group VIB metals, said

precipitate can be used without a.support. Unsupported catalyst compositions

are usually referred to as bulk catalysts. Changing the pH can be done by adding -

base 'pf acid to the reaction mixture, or adding compounds, which decompose
upon temperature, increase into hydroxide ions or H' ions that respectively

increase or decrease the pH. Examples of compounds that decompose upon

‘temperature increase and thereby Increase or decrease the pH are urea, nitrites,

ammonium cyanate, ammonium hydroxide, and ammonium carbonate..
~ Inanillustrative process according to the solution route, solutions of

ammonium salts of a Group VIB metal are made and a solution of a Group VIII - -

“non-noble metal nitrate is made. Both solutions are heated to a temperature of

approximately 90°C. 'Ammonium hydroxide is added to the Group VIB metal
solution. The Group VIII non-noble metal solutioh is added to the Group VIB
metal s_olutibn and direct precipitation of the Group VIB and Group VHI non-
noble metiil compdnents occurs. This process can also be conducted at loWer
temperature and/or decreased pressure 61‘. higher temperature and/pr' i-ncréased :

pressure.

“In another illustrative process according to the solution route, a Group

VIB metal salt, a Group VIII metal salt, and ammonium hydroxide are mixed in

solution together and heated so that ammonia is driven off and the pH is lowered
to a pH at which precipitation occurs. For instance when nickel, molybdenum,
and tungsten components are applied, precipitation typically occurs at a pH

below 7.



WO 00/42128 | a PCT/US00/01004
-23. |

Independently from whether the solid or solution route is chosen in step (i),
the resulting bulk catalyst composition preferably comprises and more preferably
consists essentially of bulk catalyst particles having the characteristics of the
bulk catalyst particles described under the heading "Catalyst compositions of the

invention."

The bulk catalyst composition of step (i) can generally be directly shaped
into hydroprocessing particles. If the amount of liquid of the bulk catalyst
composition resulting from step (i) is sd high that it cannot be directly subjected
to a shaping step, a solid liquid separation can be performed before shaping.
Optionally the bulk catalyst composition, either as such or after solid liquid

separation, can be calcined before shaping.
Process step (ii)

Tt is preferred to add a binder material during the process of the invention.
More in particular, a binder material can be added during the preparation of the
bulk catalyst composition and/or the bulk catalyst composition can be
composited with a binder material before the shaping step. The latter alternative
is generally preferred. The binder material can be added in the dry state, either
calcined or not, in the wetted and/or suspended state and/or as solution. As has
been mentioned above, "binder material in the sense of the present invention

refers to a binder and/or a precursor thereof.

If the binder material is added during the preparation of the bulk catalyst
composition, the following options are available: If, e g., the bulk catalyst
composition in step (i) is prepared according to the solid route, the metal

components can be added to the binder material either simultaneously or one
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after the other. Alternatively, the metai coxhponents can be combined as .

described above and subsequently a binder material can beaddedtothe . - .

~ combined metal components. It is-further possible to-combine part of the metal. . -
components either simhlianéously"'OFone_ after the other, to subsequently add the: ..

| binder material and to finally add the re-st-of the metal components either .~ . .
simultaneously or one after the other. For instance, the metal component which .
- is at least partly in.'the sbl_id state during cb‘ntacting éan be first ﬂlixed andif .. |
desired shaped with the binder material and subsequently, further mefal TR
components can be added to the optionally sha’ped mixture. However, it is also
possible to combine the binder with métal components in the solute -étate,'an_d 10:
subsequently add a metai component at least partly in the solid state. Finally, . - -
simultaneous additioﬁ of the metal components and the binder material is - . -
possible. - Moreover, the binder materiél can be added during the reaction step'of

the solid route in step (i).

-~ If the solution route is applied in step (i), the binder material can be added:--
to the reaction mixture either in combination or not with one or more of the metal - ..~ . __

components before or after precipitation. -

~ If the binder material is added as a solution, qare.-must be taken that the-
binder will be converted into the solid state during the process of the inv._ention;
This can be done by adjusting-the pH conditions dﬁring-'step_(i)_ insuchaway: - - !
that precipitation of the binder occurs. Suitable conditions for the precipitation.. . . -..
of thé bi_nder are known to the skilled person and need no further explanation. -If
the amount of liquid of the resulting bulk.. catalyst - binder compésiﬁon istoo -
high, optionally a solid liquid separation can be czirﬁed out. Following the.
preparation of the bulk catalyst- binder composition and optional solid liquid - --
separation, the bulk catalyst - binder composition can be shaped directly.
Optionally, the bulk catalyst - binder composition can be calcined and . -
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subsequently re-wetted prior to shaping. This-is especially preferred in the case
where the bulk catalyst composition has been prepared VIB the solution route
using .ni_trate_and/or ammonium salts. Moreover, additional binder material can
~ be added subsequent to the preparation of the above bulk catalyst binder

composition. -

As has been set out above, it is preferred to first prepare the bulk catalyst
composition and to subsequently composite the resulting bulk ¢atalyst
composition with the binder material. ‘Optionally, the bulk catalyst composition
can be subjected to a solid-liquid separation before being composited with the
binder material.  After solid-liquid separation, optionally, a washing step can be
inciuded. Further, it is possible to calcine the bulk catalyst composition after an
optional solid liquid separation and drying step and prior to compositing it with

the binder material.

In all the above-described process alternatives, the term "compositing the
bulk catalyst composition with a binder material” means that the binder material
is added to the bulk catalyst composition or vice versa and the resulting

composition is mixed.

As has been set out above, the median diameter of the bulk catalyst
particles is at least 50 nm, more preferably at least 100 nm, and preferably not
more than 5000 pn and more preferably not more than 3000 um. Even more
preferably, the median particle diameter lies in the range of 0.1 - S0 m and most
preferably in the range of 0.5-50uum.

Binder materials to be applied in the process of the invention may be any
materials that are conventionally applied as a binder in hydroprocessing catalysts.

Examples include silica, silica-alumina, such as conventional silica-alumina,
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 silica-coated alumina and alunﬁna4¢oated silica, alixmih_a such as (péeu_do)--
boehmite, or gibbsi&; titania; zirconia, cationic clays or anionic clays such as -
saponite, béntonite, lkaoline,' sepiolite or.hydi'otalcite, or mixtures thereof.
Preferred bihders'.are silica, silica-alumina_.' alumina, titz_mié, zirconia, or mixtures
thereof. These binders may be hpplied__as such or after peptization. It is also
'p"ossible to apply precursors of ,thesé. binderé that, during the 'procé_ss_. of the
invention are converted into any of the above-described binders. Suitable
-precursors are, e g., alkali metal aluminates (to obtain an alumina bmder) water
-glass (to obtain a silica binder), a mixture of alkali metal alummates and water
glass (to-obtain a silica alumina binder), a mixture of sources of a di-, tri-, and/or
tetravalent metal such as a mixture of water-soluble s'élts of magnesium,

~ aluminum and/or silicon (to prepare a cationic clay and/or anionic clay), .-

chlorohydrol, aluminum sulfate, or mixtures thereof. : .

If desired, the binder material may be composited with a Group VIB metal
and/or a Group VIII non-noble metal, prior to being composited wi_th- the bulk .
catalyst composition and/or prior to Being added during the _pieparation thereof.
Compositing the binder material with any of these metals méy be carried out by
impregnation of the solid binder with these materials. The person skilled in the
art knons suitable impfegnation techniques. If the binder is peptized, it is also

possible to carry out the peptization in the presence of Group VIB and/or Group

VIII non-nob}e metal components.

- If ﬁlumina is applied as binder, the surface area preferably lies. in the range
of 100 - 400 m*/g, and more preferably 150 - 350 m’ Xlg, measured by the
B.E.T. method. The pore volume of the alumina is preferably in the range of 0.5
- 1.5 ml/g measured by nitrogen adsorption.
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Generally, the binder material to be added in the process of the invention
has less-catalytic activity than the bulk catalyst composition or no catalytic
activity at all. Consequently, by adding a binder material, the activity of the bulk
catalyst composition may be reduced. Therefore, the amount of binder material -
to be added in the process of the invention generally depends on the desired
activity of the final catalyst composition. Binder amounts from 0 - 95 wt.% of
the total composition can be suitable, depending on the envisaged catalytic
application. However, to take advantage of the resulting unusual high activity of
the composition of the present invention, binder amounts to be added are

generally in the range of 0.5 - 75 wt.% of the total composition.

~ If in the process of the invention, a binder material is used, the resulting
catalyst composition comprises the bulk catalyst particles obtained in step (i)
.imbedded in the binder material. In other words, during the process of the
invention, the bulk catalyst particles generally do not disintegrate but normally,
the morphology of the bulk catalyst particles is essentially maintained in the |

resulting catalyst composition.
Process step (iii)

The catalyst composition resulting from the above-described process
alternatives can be directly shaped. Shaping comprises extrusion, pelletizing,
beading, and/or spray drying. It must be noted that if the catalyst composition is
to be applied in slurry type reactors, fluidized beds, moving beds, expanded beds,
or ebullating beds, spray drying or beading is generally applied for fixed bed
applications, generally, the catalyst composition is extruded, pelletized and/or
beaded. In the latter case, prior to or during the shaping step, any additives that
are conventionally used to facilitate shaping can be added. These additives may

comprise aluminum stearate, surfactants, graphite or mixtures thereof. These
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additives can be added at any stag'e prior-to the shaping step.  Further, when
alumina is used as a binder, it may be desirable to add acids prior to the shaping
step sﬁch as nitric acid to increase the mechanical strength of the extrudates.
It is preferred that a bmder material is-added prior to the shapmg step.-
Further, itis preferred that the shapmg step is carried out in the presence of &
- liquid, such as water. Preferably, the amount of liquid in the extrusion mrxture

: expressed as LOl is in the range of 20 80%

~ The resulting shaped catalyst-_compesiﬁon can, after an optional drying
‘step, be optionally calcined. Calcination however is not essential to.rhe process
- of the invention. If a calcination is carried out in the process of the invention, it
can be done at a temperature of, e.g., from IOO° -600°C and preferably 350° to
~500°C for a time varying from 0 S'to 48 hours. The drying of the shaped . -
particles is generally carried out at temperatures above 100°C.

Additional process steps:

In a preferred embodiment of the invention, the catalyst composition is
subjected to spray drying, (flash) drying, milling, kneading, or combinations
thereof prier to shaping. These additional process steps_can.be conducted either .
befere or after a binder is added, after solid-liquid sebaration, before or after
calcination and subseﬁuem to re-wetting. It is believed that by applying any of
the above-described techniques of spray drying, (flash) drying, milling,

kneading, or combinations thereof, the degree of mixing be_tween the bulk
catalyst composition and the binder material is improved. This applies to both
cases where the binder material is added before or after the applieation of any of
the above-described methods. However, it is generally preferred to add the
binder material prior to spray drying and/or any alternative technique. If the
binder is added subsequent to spray drying and/or any alternative technique, the

resulting composition is preferably thoroughly mixed by any conventional
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technique prior to shaping. - An advantage of, e.g., spray drying is that no
. wastewater streams are obtained when this technique is applied.

It must be noted that combinations of the above-described processes with
respect to the binder addition can be applied. For instance, part of the binder
material can be added during the preparation of the bulk catalyst composition

~ and part of the binder material can be added at any subsequent stage prior to
shaping. Further, it is also possible to apply more than one of the

abovedescribed techniques.

In all the above process steps the amount of liquid must be controlled. If,
e.g., prior to subjecting the catalyst composition to spray drying, the amount of
liquid is too low, additional liquid must be added. If, on the other hand, e.g.,
prior to extrusion of the catalyst composition, the amount of liquid is too high,
the amount of liquid must be reduced by, e.g., solid liquid separation via, e.g.,
filtration, decantation, or evaporation and, if necessary, the resulting material can
be dried and subsequently be re-wetted to a certain amount. For all the above
process steps, it is within the scope of the skilled person to control the amount of
liquid appropriately. Generally, it may be preferred to choose the amount of
liquid during the process steps (i) and (ii) in such a way that no additional drying
- step is necessary prior to applying spray drying and/or any alternative technique
or shaping. Further, it is preferred to carry out any of the above techniques in
such a way that the resulting, e.g., spray dried and/or kneaded composition -
contains an amount of liquid which allows the composition to be directly shaped.
Spray drying is preferably carried out at an outlet temperature in the range of =
100°- 200°C and more preferably 120° - 180°C.

Apart from the binder materials described above, it is also possible to add
conventional hydrodenitrogenation catalysts. These catalysts can be added in the

spent, regenerated, or fresh state. In principle, it is hydroprocessing catalysts
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- such as conventional hydrodesulfuriiation and 'possible to add these catal-ysts- -

- instead of ‘a binder material or- precursor thereof In other words, it is possible to-

carry out all the above-descnbed process alternatives wherem the binder material

or. precursor thereof is replaced fully or in part by a conventional |

- hydroprocessmg catalyst. In prmcrple, the conventronal hydroprocessmg catalyst

| can be added at nny stage of the process of the present mventron prior to the -

shaping step. Within the context of this description, “at any stage of the process
prior to the shnping step” means: it cnn be added during the preparation of the
bulk catalysi compos'ition, and/or subsequent to the preparation of the bulk
catalyst composition but prior to the a_ddition of the binder material, and/or.
during, and/or subsequent to the addition.of the binder material, but priorto .
spray dying or any alternative method; and/or during and/or snbsequent-.to spray
drying or any alternative method but prior to the shaping step it is possible to add
a conventional hydroprocessing'catalyst during 'tne compositing step (ii) with the
binder If desired, the conventional hydroprocessing catalyst may be milled before

10 being applied in the process of the invention.

Furthermore, a cracking‘,compo'nent may be added during the process of
'the present invention. A cracking component in the sense of the present
invention is any conventional cracking component such as cationic clays, anionic
clays, zeolites such as ZSM-5, (ultra-stable) zeolite Y. zeolrte X, ALPO'
SAPO's,_axnorphous crackmg components such as silica-alumina, or mixtures -
thereof. It will be clear that some mnteria-ls may act as a binder and a cracking
component at the same time. For instance, silica-alumina may have at the same

time a crackmg and a binding functron

If desired, the cracking component may be composited with a Group VIB
metal and/or a Group VIII non-noble metal prior to being composited with the .

bulk catalyst composition and/or prior to being added during the preparation
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thereof. Compositing the cracking component with any of these metals may be

carried out by impregnation of the cracking component with these materials.

The cracking component can be added at any stage of the process of the
present invention prior to the shaping step. However, it is preferred to add the

cracking component during the compositing step (ii) with the binder.

- Generally, it depends on the envisaged catalytic application of the final -
catalyst composition which of the above-described cracking components is
added. A zeolite is preferably added if the resulting composition shall be applied
in hydrocracking or fluid catalytic cracking. Other cracking components such as

‘silica-alumina or cationic clays are preferably added if the final catalyst
composition shall be used in hydrotreating applications. The amount of cracking
‘material that is added depends on the desired activity of the final composition
and the application envisaged and thus may vary from 0 - 80 wt.%, based on the

total weight of the catalyst composition

If desired, further materials can be added in addition to the metal
components already added in step (i). These materials include any material that
is added during conventional hydroprocessing catalyst preparation. Suitable. .
examples are phosphorus compounds, borium compounds, fluor-containing
compounds, additional transition metals, rare earth metals, fillers, or mixtures

thereof.

Suitable phosphorus compounds include ammonium phosphate, phosphoric
acid, or organic phosphorus compounds. Phosphorus compounds can be added
at any stage of the process of the present invention prior to the shaping step
and/or subsequent to the shaping step. If the binder material is peptized,

phosphorus compounds can also be used for peptization. For instance, the binder
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can be peptized by contacting the binder with phosphoric acid or with a mixture

of phosphoric and nitric acid.

Suitable additional transition metals are, e.g., rhenium, ruthenium,
rhodium, iridium, chromium, vanadium, iron; cobalt, platinum, palladium,

cobalt, nickel,'molybdenum",- 6r tungsteh. Nickel, molybdenum ,and tungsten can.

be applie_d in the form of any of the water-insoluble nickel, molybdenum and/or
~ tungsten :components that m_'e described above for the solid route. These metals - -

- can be added at any stage of the process of the present invention prior to the

shaping step. Apart from adding these metals during the process of the

invention, it is also possible to c'omposite the final cataiyst composition

therewith. Itis, e.g., possible to impregnate the final catalyst'compo'siti'on with

an impregnation solution comprising any of these metals.

The processes of the present invention for preparing the bulk catalyst -
compositions may further comprise a sulfidation step. Sulfidation is generally.
carried out by contacting the catalyst composition or precursors thereof with a

sulfur containing compound such as elenientary sulfur, hydrogen sulfidé or

| polysulfides. The sulfidation can generally be carried out subsequently to the -

preparation of the bulk catalyst composition but prior to the addition of a binder

material, and/or subsequéhtly to the addition of the binder material but prior to

: subjet:tihg the catalyst composition to spray drying and/or any alternative

- method, and/or subsequently to subjecting the composition to spray drying and/or

any altemativé rriethqd__but prior to shaping, and/or subsequentlil to shaping the
catalyst composition. It is preferred that the sulfidation is not cﬁed out prior to
any process step that reverts the obtained xhetal sﬁlﬁdeé into their oxides. Such
process steps are, €.g., calcihation or spray drying or any other high temperature -

treatment in the presence of oxygen. Consequently, if the catalyst composition is -
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subjected to spray drying and/or any alternative teéhn_ique, the sulfidation should

- be carried out subsequent to the application of any of these methods.

Additionally to, or instead of, a sulfidation step, the bulk catalyst
composition may be prepared from at least one metal sulfide. If, e.g. the solid
route is applied in step (i), the bulk catalyst component can be prepared form

nickel sulfide and/or molybdenum sulfide and/or tungsten sulfide.

If the catalyst composition is used in a fixcd bed processes, the sulfidation
is preferably carried out subsequent to the shaping step and, if applied,
subsequent to the last calcination step. Preferably, the sulfidation is carried out
ex situ, i.¢., the sulfidation is carried out in a separate reactor prior to loading the
sulfided catalyst composition into the hydroprocessing unit. Furthermore, it is-

preferred that the catalyst composition is both sulfided ex situ and in situ.

Catalyst Compositions of this Invention

The present invention further refers to catalyst compositions obtainable by
any of the above-described processes. Furthermore, the present invention
pertains to a catalyst composition comprising bulk catalyst particles wherein the
bulls catalyst particles comprise 30 - 100 wt.% of at least one Group VIII non-
noble metal and at least one Group VIB metal, based on the total weight of the
bulk catalyst particles, calculated as metal oxides and wherein the bulk catalyst

particles have a surface area of at least 10 m%/g.

Catalyst compositions comprising bulk catalyst particles comprising one
Group VIII non-nobie metal and two Group VIB metals are preferred. It has
been found that in this case, the bulk catalyst particles are sintering-resistant.

Thus the active surface area of the bulk catalyst particles is maintained during
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use. The m_ol.ar ratio of Group VIB to Group VIII non-noble metals ranges

g'e_nerhlly from 10:1 - 1:10 and preferably from 3:1 - 1:3.  In the case of a core- -

shell structured particle, these ratios of course apply to the metals contained in.. |

 the shell. If more than one Group VIB metal is contained in the b\jlk catalyst

particles, the ratio of the different Group VIB metals is generally not critical. .

The same holds when more than one Group VIII non-noble metal is applied. In

the case where molybdenum and tungstei\ are présént as Group VIB metals, the
: molybenumﬁtungsten ratio preferably lies in the range 'o_f 9:1 - 1:9. Preferably the

“Group VIII non-noble rrictzil comprises nickel and/or cdbalt. It isfur‘th_c-_r_ e

preferred that the Group VIB metal comprises a combination of molybdenum -

and tungsten. Preferably, combinations of nickel/molybdenum/tungsten and

~ cobalt/molybdenum/tungsten and nickel/cobalt/molybdenum/tungsten are used.

- These types of precipitates appear to be sinter-resistant. Thus, the active surface -

area of the precipitate is remained during use.

The metals are preferably present as oxidic compounds of the
corresponding metals, or if the catalyst composition has been sulfided, sulfidic. -

compounds of the corresponding metals. -

In the following the bulk catalyst particles (in the following designated as .
"par_'ticles") which are present in the catalyst corh’pbsition of the present invention

will be described in more detail:

Preferably the particles have a surface area of at least 50 m*/g and more,
preferably of at least 100 n&g measured VIB the B.E.T. method. Itis .
furthermore preferred that the particles comprise 50 - 100 wt.%, and even more
preferably 70-—_ 100 wt.% of at least one 'Group VIII non-noble metal and at least
one Group VIB metal, based on the total weight of the particles, calculated as !
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metal oxides. The amount of Group VIB and Group VIII non-noble metals can

easily be determined VIB TEM-EDX.

It is desired that the pore size distribution of the particles is approximately
the same as the one of conventional hydrotreating catalysts. More in particular, |
these particles have preferably 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 0.1 - 2
ml/g determined by nitrogen adsorption. Preferably, pores smaller than 1 nm are
not present. Furthermore these particles preferably have a median diameter of at
least 50 nm, more preferably at least 100 nm, and preferably not more than 5000
pm and more preferably not more than 3000 un. Even more preferably, the
" median particle diameter lies in the range of 0.1 - 50 um and most preferably in

L3 .

the range of 0 5 - 50 pm.

- It was found that the bulk catalyst particles have a characteristic X-ray
diffraction pattern which differs from catalysts obtained by co-mixing and
conventional hydroprocessing catalysts obtained by impregnation. The X-ray
diffraction pattern of the bulk catalyst particles comprises, and preferably
essentially consists of, peaks characteristic to the reacted metal components. If,
e.g., nickel hydroxy-carbonate has been contacted with a molybdenum and
tungsten component as described above, the resulting bulk catalyst particles are
characterized by an X-ray diffraction pattern which comprises peaks at d values
of (4.09), 2.83, 2.54, 2.32, 2.23, .l.71,'('1 .54), 1.47. Values in brackets indicate
that the cor'responding peaks are rather broad and/or have a low intensity or are
not distinguished at all. The term "the X-ray diffraction pattern essentially
* consists of " these peaks means that apart from these peaks, there are essentially
no further peaks contained in the diffraction pattern. The precipitate for catalyst

obtained by the solution route has a characteristic X-ray diffraction pattern which -
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differs from catalyst obtained by co-mixing and conventional h_ydrop_rbcessing- S

catalysts obtained by impregnation. For instance_' the X-ray diffraction pattern of o
a Ni-Mo-W precipitate as prepared by the solution route has peaks at d values of
2.52, 1.72 and 1.46.

Generally, it is possible to perfbrm the above-described process in such a

way to obtain bulk cétalyst par,tic'les ¢h'aracteriz'ed by. an X-ray diffraction pattern. -

- that does contain virtually no peak characteristic to the metal components applied . -

in this process as starting materials.. Of course, if desired, it is also possible to- -

- choose the amounts of metal components in such a way as to obtain bulk catalyst

-pafticles. characterized by an X-ray diffraction pattern still comprising one or

more peaks characteristic to at least one of these metal components. If, e.g., a:

high amount of the metal component which is at least partly in the solid state. -

duﬁng contacting is added, or if this metal compbnem is added in the form of .

large particles, small amounts of this metal component may be traced in the X-

ray diffraction pattern of the resulting bulk catalyst particles.

Generally, if the solid route is applied, at least one of the metals is °

anisotropically distributed in the particles. The metal of the metal component . - . -

‘that is at least partly in the solid state durihg the solid'-rout_e is geherally. R

concentrated in the inner part, i.e., the core of the final particles. Génerally, thc.-

concentration of this métal in the outer patt, i.e., the shell of the particleisat - -

most 95% and in most cases at most 90% _of the éon_centration of this metal in the
core of the particles. Further, it _has: been found that the metal of a metal -
component that is applied in the solute state during the solid r_o__u_té isalso- . -
aniéotropically distributed in the particles. More in particular, the concentration
of this metal in the core of the particles is generally lower ﬂlan the conéentration
of this metal in the shell. Still more in particular, the concentration of this metal

in the core of the particles is at most 80% and frequently at most 65% and often
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at most 50% of the concentration of this metal in the shell. It must be noted that
the above-described anisotropic metal distributions can be found in the -
composition of the invention, independently upon whether the composition has

been calcined or not and/or sulfided.

In the above cases, the shell has generally a thickness of 50 - 1000 nm and
preferably of 100 - 500 nm. The amount of these particles in the catalyst
composition of the invention preferably lies in the range of 5 -.100 wt.%, based

on the total weight of the catalyst composition.

As previously been mentioned, the catalyst composition comprises
additionally a suitable binder material. Suitable binder materials are preferably
those described above. The particles are embedded in the binder material that
functions as glue to hold the particles together. Preferably, the particles are
homogehéoﬁsly distributed within the binder. The presence of the binder thus
leads generally to an increased mechanical strength of the final catalyst
composition. Gerierally, the catalyst composition of the invention has a
mechanical strength, expressed as side crush strength of at least 1 1b./mm and

: preferably of at least 3 1b./mm (measured at extrudates with a diameter of | - 2
mm). The binder material generally contains 0 - 90 wt.% of the Group VIB and
Group VIII non-noble metals which are also contained in the particles. The

binder material generally even contains these metals if it has not been

| composited with any of these metals prior to being combined with the bulk

catalyst composition of step (i).

The amount of binder depends on the desired activity of the catalyst
composition. Binder amounts from 0 - 95 wt.% of the total composition can be
suitable, depending on the envisaged catalytic application. However, to take

‘advantage of the unusual high activity of the composition of the present
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invention, binder amounts are generally in the range-of 0.5 - 75 wt.% of the total -

composition..

* If desired, the catalyst composition may comprise a suitable cracking - :

component. Suitable cracking compOnen_ts are preferably those described above.

N The amount of the cracking compohent is preferably in the range of 0-80 wt.%. .

based on the total weight of the catalyst composition.

| Also as previously stated, the cafalyét compositi'on may comprise
conventional hydroproceséing catalysts. The binder materials and cracking
components of the conventional hydroprocessing catﬁlyst generally comprise any
of the'above-d'escr.ibed binder materials and cracking components. The - - . -
hydrogenation metals of the conventional hydroprocessing catalyst generally-: -
comprise Group VIB and Group VIII non-noble metals such as combinations of .
nickel or cobalt with molybdenum or tungsten. Suitable conventional - "
hydroprocessihg_ catalysts are, e.g., hydrotreating catalysts.. These catalysts can .-
be in the spent, regenerated, or fresh state. |

Furthermore, the catalyst'cohipOSitiOn may comprise any compound that is -
convéntionally'present in hydroprocessing'catalyéts- such a_sl:phos'phorus -
compounds, additional transition metals, rare earth metals, or mixtures thereof. . -
Suitable additional transition metals are, e.g., thenium, ruthenium, rhodium, = -~
iridium, chromium, vanadium, iron, cobalt, platinum, p'alladium,' cobalt, nickel'~ -
molybdenﬁm, or tungsten. All these metal compounds generally are present in -
the oxidic form if the catalyst composition has be_cn.calcined and/or in the

sulfided form if the catalyst composition has been sulfided.

- The surface area of the catalyst compositioh preferably is at least 40 m%/g,

more preferably at least 80 m-/g and most preferably at least 120 m?*/g. The total
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pore volume of the catalyst composition is preferably at least 0.05 ml/g and more
preferably at least 01 ml/g as determined by water porosimetry. To obtain
catalyst compositions with high mechanical strength, it may be desirable that the

catalyst composition of the invention has a low macroporosity.
Characterization Methods

1. Side crush strength determination |
First, the length of, e.g., an extrudate particle is measured, and then the

extrudate particle is subjected to compressive loading by a movable piston. The

force required to crush the particle is measured. The procedure is repeated with

at least 40 extrudate particles and the average is calculated as force (lbs.) per unit

o length (mm).

2. Water porosimetry

The pore volume of a sample is determined by filling the pore space to
saturation with water. The quantity of water is determined by its volume added
- or the weight increase of the sample. The pores space can be filled by
incrementally adding water from a burette to the sample, with vigorous shaking
after each addition, until the first sign of wetness at the outside of the sample -
appears. Another possibility is to saturate the sample contained in a tube fitted
with a porous bottom with water in an ultrasound bath. The excess water (the
water not residing in the pores) is removed VIB centrifugation and the difference
in the dry and saturated catalyst weights is then used to determine the total water

uptake. From this, the pore volume is calculated.

3. Determination of the lose on ignition (LOI)
A sample is mixed well to prevent inhomogeneity. The weighed and

mixed sample is transferred to a preheated and weighed crucible. The crucible is
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then put in a drying oven or cold muffle furnace and the temperature is
increased. ‘The sample is dried or ignated at this temperature for one hour: The - .
crucible containing the dried or ignated sample is cooled in a desiccator and

weighed again.
~ The LOI is detcnnined according to the following formula

(h-c)
a.

%LOI = x100

“ where a is weight of the samp]'e.(in gram), b is the mas_s of the crucible and the
sample before drying and/or ignition (in gram), and c is the weight of the

crucible and.the'sample after drying and/or ignition (in gram).

.In the process according to the present inventit_m, a Gro;ip.VIIl non-noble
metal-containing compound in .sblution and a Group VIB met_a__l—containing
compound in solution are reacted. Thus, the metal compounds are in the solute
state when reacted to obtain a iJrecipitate_. The Group VIII non-noble metal- |

| containing compound and the Group VIB metal-containing compound may be in-

~ solution when added to-the reaction _m_ixture or else will become dissolved when -
present in the reaction mixture. In the l_zitte; case, thc;.metals are acti_ver :
dissolved in the' reaction mixture, for instance by stirring, increasing the amount
of solvent, changing the températur_e, changing the pressure, or changing the pH.-
The metals may be dissolved in any protic liquid such as water, carboxylic acids,
lower alcohols such as ethanol, propanol, etc., or mixtures thereof. Of course, a .
protic liquid must be chosen which does not interfere with the precipitation

reaction.
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If soluble salts are added as such, they will dissolve in the reaction
mixture. They will subsequently be precipitated with the Group VIB metal.
Within the context of this description soluble means soluble in the solvent at the
temperature and pH of the reaction mixture. Suitable nickel, iron and cobalt salts
which are solbule in water are nitrates, hydrated nitrates. chlorides, hydrated - - -
chlorides sulfates, hydrated sulfates, heteropolyanion compounds of Ni-Mo-W
(soluble in boiling water), heteropoly anion compounds of Co-Mo-W (soluble in
boiling water). It is also possible to add Group VIII non-noble,metal-containing
. compounds which are not in solution at the time of addition, but where solution
-is effected in the reaction mixture. Examples of these compounds are metal

compounds which contain so much crystal water that upon temperature increase

the metal compound wili dissolve in its own cyrstal water. Further, non-soluble -
- metal salts may be added in suspension or as such and solution is effected in the -
reaction mixture. Suitable non-soluble metal salts are heteropolyanion
compounds of Co-Mo-W (moderaiely soluble in cold water), heteropolyanion

compounds of Ni-Mo-W (moderately soluble in cold water).

‘Suitable Group VIB metals are chromium, molybdenum, tungsten, or
mixtures thereof. Suitable chromium, molybdenum, and tungsten compounds are
soluble chromium, molybdenum, and tungsten salts. Said salts can be added to
the reaction mixture in Solution, wetted, or as such. If soluble salts are added as
such, they will dissolve in the reaction mixture. They will subsequently be
precipitated with the Group VIII non-noble metal. Suitable Group VIB metal
salts which are soluble in water are ammonium salts such as ammonium
. dimolybdate, ammonium tri-, tetra- hepta-, octa-, and tetradeca- molybdate,
ammonium para-, meta-, hexa-, and polytungstate, alkali metal salts, silicic acid
salts of Group VIB metals such as molybdic silicic acid, molybdic silicic tungstic
acid, tungstic acid, metatungstic acid, pertungstic acid, heteropolyanion
compounds of Mo-P, Mo-Si, W-P, and W-Si. It is also possible to add Group
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VIB rhetal—cdritaini_ng’ compouds which are not in solution at the time of .
addition, but where solution is effected-in the reaction mixture. Examples of -

~ these compounds are metal compounds which contain éo much crystal water that
up_bn temperature increase théy will d_issblv,e' in their own metal waici‘. -Furthe’r,-
non-soluble metal salts may be added in Sus_pension or as such, and solution is,
effected in the reaction mixtu,re; Suitable non-soluble metals salts are
heteropolyanion compounds of Co-Mo-W (mOde"raiely soluble incold water),

| heteropolyanion compounds of Ni--MoQW (moderately soluble in cold water). . .

--As will be clear from 'the above, it is possible to add the Group VIII non-
noble metal containing compound and the Group VIB metal-containing -
compound in various ways, at various temperatures and pHs, in solhtiOn, in .

" suspension, and as such, simultaneously and sequentially. Five precipitation. -

methods will be described in more detail:

1. - Simultaneous precipitation at a constant pH, in which process a Group -
VIII non-noble metal-containing acid salt compound is.added slowly toa
reaction vessel containing a protic liquid which is kept at a constant -
| temperature, with the pH being kept constant by hdding a base containing
Group VIB metal-containing compound solution. The pH is set such that
(at the chosen reaction témperature)‘ precipitation occurs. The Group VII
metal-’containiﬁg'compoutid is added in solution or as such . Tt was fo.uhd
that the precipitate prepared by this method had a relatively large particle
size depending on the dosing speed (with low dosing speed larger than 10
um (as measured in the slurry with near forward scattering (Malirem)) and

a large surface area of 100 m%/g or more.

2. Simultaneous precipitation, in which process both the Groixp VI non-

noble metal-containing compound and the Group VIB metal-containing
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compound are added slowly and simultaneously to a reaction vessel
- containing protic liquid and a compound which decomposes updn
temperature increase and thereby increases or decreases the pH. The
“ temperature of the reaction vessel is kept at the decomposition
temperature of said compound. In this case precipitation is effected by
pH change, and the pH at the beginning of the reaction differs from the
final pH after precipitation. It was found that the precipitation obtained

with this method had a relatively large particle size (larger than 15 um).

3. Precipitation, in which process the Group VIII non-noble metal-
containing compound is added slowly to a reaction vessel containing
Group VIB metal-containing compound dissolved in protic liquid (or
vice versa) and a compound which decomposes upon temperature
increase and thereby increases or decreases the pH. The temperature of
the reaction vessel is kept at the decomposition temperature of said
compound. In this case precipitation is effected by pH change, and the -
pH at the beginning of the feaction differs from the final pH after
preCipitation. It was found that the .p_recipitate obtained with this method
had a relatively small particle size (between 1 and 10 um). It was
further found that the amount of Group VIB metal compound which
actually ended up in the precipitate was larger than in any of the other
precipitation methods described above.

4. - Precipitation at a constant pH, in which process the Group VIII non-noble
metal-containing compounds is added slowly to a reaction vessel
containing Group VIB metal-containing compound dissolved in protic
liquid or vice versa. The pH is kept such that (at the chosen reaction
temperature) precipitation occurs by adding acid or base to the reaction

vessel.
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5. Solution of the metal compounds in their owri'-crystal water with
subsequent'evaboration of the water so that :pre(':ipita'tion occurs. In this.
method the Group VIII non-noble metal-containing compound and the -

- Group VIB ‘metal-containing compound are mixéd in a reaction vessel _
and h‘eate_d. ' After solution of the metals the water is evaporated,

~ optionally under vacuum, to effect precipitation.

One embodiment of the pfesent invention pertains to a process for the
preparation of a c:italyst composition comprising a'Group VIII non-noble metal .-
and a Group VIB metal wherein a Group VIII non-noble metal-containing
compound in solution and a Group VIB metalec(_)ntaining compound in solution.
are reacted in a-reaction mixture to obtain a precipitate; with the proviso that the.
precipitate is not nickel molybdate in which at least a portion but less than all of

the molybdenunis replaced by tungsten.

Subsequently to precipitation, the precipitate may be isolated from the .
liquid and dried. All conventional isolation methods such as filtration,
' ceﬁtﬁfugation, decantation may be used. Also all conventional drying methods:.
are suitable such as oven drying, spray-drymg, etc. The precxpxtate can also be
dried at room temperature. | |

Optionally, the precipitate is thermally treated in oxygen-containing
atmosphere such as air, steam, in steam and oxygen-containing atmosphere or in
inert atmosphere. Said thermal treatment is conducted at a temperature between

100-600°C, preferably between 350°-500°C.

In a further embodiment of the solution méthod of the present invention a

filler is added to the reaction mixture and/or precipitate. Fillers may be added to
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the catalyst composition to dilute the catalyst when it is too active or to adjust the
density. These fillers can be added either in suspension or as such at any stage of
the process and combined with any other component added. Suitable fillers
include used hydroprocessing catalyst, regenerated hydroprocessing catalysts,

fresh hydroprocessing catalyst, clay, and mixtures thereof.

The precursor compound can also be readily prepared by one of several
methods, including a variation of the boiling decomposition method used by
Teichner and Astier in which a tungsten compound is added to the initial mixture
of a molybdenum salt, a nickel salt and ammonium hydroxide. Direct
precipitation and pH controlled pré'cipitation may also be used to prepare the
precursor compound. In all cases, however, Water soluble salts of nickel,

molybdenum and tungsten are employed. .

Preferably, the molybdenum and tungsten salts are ammonium
compounds, e.g., ammonium molybdate, ammonium metatungstate, while the

nickel salt may be the nitrate or hydrated nitrates.

In the boiling decomposition method, the salts are dissolved in water to
make an acidic solution, after which additional NH4OH is added to make a basic
solution. The solution is then heated to boiling to drive off ammonia and form a

precipitate which is filtered and dried, e.g., at 100-125°C.

In the direct precipitation method, initially the molybdate and tungstate -
salts are dissolved in water, NH4OH is added to form a basic solution, and the
solution is warmed. A warm, e.g., 90°C, nickel salt solution (agueous) is slowly
added to the initial solution, a precipitate is formed, the solution is hot filtered
and dried. In either the boiling decomposition method or the direct precipitation

method, washing of the filtrate is minimized to prevent leaching.
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In.genera'l, all of the co,mpo_nenté, the Ni, Mo, W, NH;, are mixedin ..
solution togethef and heated to a pH <7 to form the precipitate, i.e., the precursor -
" compound. This may be accomplished by either of two methods: (1): adding all
of the components together with-an _exceSs-of ammonia to dissolve the
components and then heating to-drive off the ammonia such that the pH <7 .
.(heating mﬁy be at less than 100°C, p'i_"eferably about 50-90°C); or (2) adding
_ together one or more separate solutions of each component such that the final pH

is <7;in each case recovering the resulting precipitate.

In another embodiment, a binder can be added to the bulk mixed metal
 oxide to maintain particle integrity. The binder can be silica, alumina, silica-

, alumind or other materials generally known as particle binders. When utilizing a
binder, the amount may range from about 1-30 wt% of the finished catalyst,

preferably about 5-26 wt% of the finished catalyst.

After recovering thé_ precursor product, regardless of prepafation method, -
‘the precursor is decomposed at temperatures ranging from about 300-450°C.in a

suitably inert or air atmosphere.

The decomposed precursor can be sulfided or pre-sulfided by a variety of
known methods. For example, the decomposition product can be contacted with
a gas corﬁprising H,S and hydrogen, e.g., 10% H,S/H,, at elevated t_emperatures .
. for 'a._period of time sufficient to sulfide the decomposition product, usually at the
point of H,S breakthrough ih the exit gas. Sulfiding cém also be effected, in situ,

by paSsin_g a typical feedstock containing sulfur over the decomposition product.

Any hydrocarbon containing feed which also contains nitrogen may be

~ treated with the enhanced catalysts of this invention. Thus, the HDN process
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with these catalysts may range from petroleum distillates to residual stocks,
either virgin or cracked, to synthetic fuels such as coal oils or shale oils. The .
HDN process is particularly useful with feeds containing high levels of nitrogen,
e.g., at least about 500 wppm total nitrogen compounds. Nitrogen removalisat =~

least about 50%, preferably at least about 80%.

Process conditions applicable for the use of the catalysts described herein
may vary widely depending on the feedstock to be treated. Thus, as the boiling
point of the feed increases. the severity of the conditions will also increase. The

following table serves to illustrate typical conditions for a range of feeds.

FEED | TYPICAL |TEMP.| PRESS, | SPACE | H,GAS RATE
o BOILING | °C BAR | VELOCITY SCF/B
RANGE °C " V/V/HR
naphtha | 25-210 100- 10-60 0.5-10 100-2,000
| 370 |
diesel 170-350 200- | 15-110 0.5-4 500-6,000
400 - | |
heavy gas 325-475 260- | 15-170 0.3-2 1000-6,000
il B | 430 - L
lube oil 290-550 200- | 6-210 0.2-5 100-10,000
- 450 '
residuum- | 10-50%>575 | 340- 65-1100 0.1-1 2,000-10,000
450

While the invention described herein shows enhanced activity for
hydrodenitrogenation, most HDN catalysts will also show hydrodesulfurization
- (HDS) activity. Consequently, the catalysts and processes described herein will
be useful on feeds containing both nitrogen and suifur, and will be particularly

useful on feeds high in nitrogen.
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The followmg examples will serve to lllustrate, but not limit, this -
invention.

Example 1 Preparanon of NH4—N|—M0-O Phase (bonlmg decomposmon as per
Telchner and Astier procedure) : :

| Inal liter ﬂask, 265 g ammon_ium' molybdate (0.-15. moles Mo) and 43.6
‘g nickel nitrate heXa’hydrate. (0.15 moles Ni) were dissolved in 300 cc of waterso
 that the resulting pH equaled 4.3. To this sol'uﬁon. a concentrated NH4OH .
 solution Wae added. At first, a precipitate formed which on further addition of
NH4OH dissolved to give a clear blue solution with a pH of 8.3, and additional
NH40H (~250cc) was added until a pH of 10 was reached. The solution was
heated to 90°C for 3 h during which ammonia gas evolved and a green
precipitéte formed. The:'fi'na_l pH lay between 6.8 and 7. The suspension was
coo_led to room temper.atu_fe,_ filtered, washed with water' and dried at 12_0‘.’C I
overnight. About 18.6g of material was oBta'ined The sample analyzed -fer- Ni
at 26.6 wt. % and Mo at 34 wt.%. The X-ray diffraction spectra of the phase
matches the pattem reported by Telchner

Example 2. Preparation of NH4-Ni-Mo.5W 5-O by boiling decomposition: - .

Inal liter flask, 13.2 g ammonium -frxo_lybdate (0.075 moles Mo), 18.7 g

| ammenium metatungstate (.075 moles W) and 43.6 g hiekel niﬁ'ate heiahydrate -
(0.15 moles Ni) were dissolved in 300cc of water so that the resulting pH.
equaled 4.3. To this solution, a coneeptraied NH4(')H..soluti_on (-.7600cc) was
added until the pH reached 1.:0. ‘At this point, some precipitate remained. The

| soluﬁon was refluxed at ~100°C for 3 h. During this heating, the precipitate .
dissolved to give a clear blue solution and on further heating, a green precipitate

formed. The heaﬁng was continued until the pH reached between 6.8 and 7. The
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-suspension was cooled to room temperature, filtered, washed with water and
dried at 120°C overnight. 18 grams of material is obtained. The X-ray
diffraction spectra of the phase is given in Figure 2 showing an amorphous

background with the two largest peaks at d=2.58 and 1.70A.

~ Example 3. Preparation of NH4-Ni-Mo sW 5-O by direct precipitation:

Ina 1 liter flask, 17.65 g of ammonium molybdate (0.1 mole Mo) and
24.60 g of ammonium metatungstate (0.1 mole W) were dissol'\'/cd in 800 cc of
water giving a solution pH of ~5.2. To this solution 0.4 moles of NH4OH (~30
cc) was added, raising the pH to ~9.8 (solution A). This solution was warmed to
90°C. A second solution was prepared by adding 58.2 g of nickel nitrate, (0.2
“moles Ni) which was dissolved in 50 cc of water (solution B) and maintained at
90°C. This solution was added d;'opwise at a rate of 7 cc/min into the
amrhonium _fno[ybdatelammonium metatungstate solution. A pi_'ecipitate begins
to form after 1/4 of the solution was added. This suspension v;lhich was at a pH
~6.5 was stirred for 30 minutes while the temperature was maintained at 90°C.
“The material was filtered hot, washed with hot water, and dried at 120°C.

Approximately 38 g of material was recovered.

 Example 4. Preparation of NH4-Ni-Mo 5-Mo_sW 5-O by controlled pH

precipitation:

Two solutions were prepared with the same amounts of nickel, tungsten,

- molybdenum and aixxmonium hydroxide are described in Example 3 (solutions A
and B) except that each solution contained about 700 cc of water. The two
solutions were added into a separate vessel initially containing 400 cc of water
held at 90°C. Solution B (the acidic solution) was pumped into the vessel at a
constant rate of ~15cc/min, while solution A is added through a separate pump

which is under feedback PC control and set to maintain the pH at 6.5. On mixing
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the two solutions a precipitate forms. The slurry was stirred at 90°C for 30 .

minutes, filtered hot, washed with hot water, and dried at 120°C.

Example 5. Catalytic-Evaluatioh Using Dibenzothiophene (DBT): - . .

1.5- 2 g of the catalysts of Examples 1-4 were placed in a quartz boat
whlch was m turn mserted into a horlzontal quartz tube and placed intoa
Lmdbet_'g furnace. The temperature was raised to 370°C in about one hour with
N> flowing at 50 cc/m, and the flow coatinued for 1.5 h at 370°C. Np was
switched off and 10% HyS/Hy then added to the reactor at 20 cc/m, the

- temperature increased to 400°C, and held there for 2 hours. The heat was then

shut off and the catalyst cooled in flowing HS/Hy to 70°C, at which point this. . .

flow was discontinued and N2 was added. Atroom temperature, the quartz tube -

was removed and the material transferred into a N2 purged glove box: Catalysts .
were evaluated in a 300cc modiﬁed'C_arber_ry batch reactor designed for constant
hydrogen flow. The catalyst was pilled and sized to 20/40 mesh and one gram -

was loaded into a stainless steel basket, sandwiched between a layer of mullite. -

- beads. 100 cc of liquid feed, containing 5 wt% dibenzothiophene in decalin ' was.
~ added to the autoclave. A hydrogen flow of 100 cc/min was passed through:the .

reactor and the pressure was maintained at 3150kPa using a back pressure = . -
regulator. The temperature was raised to 350°C at 5-6 deg/min and run until . '
either 50% DBT was converted or until 7 hours was reached. A Small aliquot of -

prqduct was removed every 30 minutes and 'analyzed by GC. Rate constants for - -

the overall conversion as well as the conversion to the reaction products biphenyl SRS

(BP) and cyclohexylbenzene (CHB) were calculated as described by M. Daage |
and R. R. Chianelli (J. Cat. 149, 414-27 (1994)] and are shown in Table 1. As "
described in that article, high selectivities to cyclohexylbenzene relative to BP .

during the desulfurization reaction are a good indication of a catalyst with high -
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hydrodenitrogenation activity, whereas high selectivities of BP relative to CHB

indicates n'cotalyst with high hydrodesulfurization activity.

The results show that partial substitution of tungsten for molybdenum
results in catalysts that are substantially higher for DBT conversion. A standard
supported Ni-Mo on Al»O3 catalyst is also shown for 'comparison. The high
CHB/BP ratio suggests that the catalysts are active for HDN.

_' Table 1. Companson of Activity in DBT Conversion Tests With Tungsten
Addition by Different Preparauon Schemes

o | | o Ktotal @ | CHB/BP @
Catalyst - ‘Preparation Example # 350°C - 350°C
' _technique
NH4-Ni-Mo-O | boiling decomposition | - 1 106 |- 104
NH4-Ni- ‘boiling decomposition 2 171 10.2
Mo sW 5-O ' - '
NH4-Ni-  direct precipitation 3 167 12.4
MosWs-O | ' '
NH4-Ni- ~ controlled pH 4 181 12.0
Mo 5W 5-O preparation ' -
Ni,Mo/AlO3 impregnation 129 . 64
Example 6.

A series of catalysts were prepared in accordance with the general
preparation scheme of example 2 (i.e., boiling decomposition) but varying the
Mo and W relative ratios by changing the amount of ammonium molybdate and

ammonium metatungstate added to the solutions. Decomposition was effected as
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described in Example 5. The catalysts so prepared are shown in Table 2 along

- with their catalytic activities for DBT measured as described in Example 5.

- Table 2. Comparison of Acthty in DBT Conversxon Tests with Variation in

‘Relative W and Mo content

Nickel

_ Ammonium - Ammonium : ‘Ktotal | CHB/BP
- - Molybdate | Metatungstate Nitrate @ @ 350°C
: Catalyst .. Sample ® (® | Hexahydrate | 350°C
NH4-Niw-O | 18983-97 0 36.95 4362 | 128 | 113
 NHg 18983-125 [  2.65 3362 | 4362 | 132 | 141
NiMo ;W ¢-O - o . .
NHg- 18983-101 |  7.94 25.87 4362 | 154 | 116
NiMo 3W 7-O . | :
NHg- [ 18357-109 | 13.17 1874 43.62 171 102
NiMosW s-0 | | - | | |
- NHg4- | 1898395 | 18.54 1109 | 4362 158 | 115
NiMo7W1-0 | o | N
~ NHg- 18983-92 | 23.83 3.69 4362 | 141 | 105
NiMo oW 1-O : ]

The data show that the most active catalyst contams an approxxmately

equimolar mixture of tungsten and molybdenum

Example7.
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A series of catalysts were prepared as described in Ekample 3 (d_ifect
~ precipitation) in which equimolar_mixtl-lres. of Mo and W were precipitated but
the nickel content was varied. Decomposition was effected as described in
Example 5. The catalysts so prepared are shown in Tabie 3 along with their

catalytic activities for DBT measured as described in example 5.

Table 3. Variation of Nickel Content in NH4-Ni-Mo sW 5-O Catalysts

Ammonium | Ammonium |  Nickel Ktotal | CHB/
- molybdate | metatungstate nitrate @ |Brpe
Catalyst - | Sample @ @ hexahydrate | 350°C | 350°C
NHg- 19086- 17.65 24.6 43.65 171 | 13.0
~ Nig 75Mo sW -0 110 | o
" NHg4~ | 19086-82 | 17.65 24.6 58.2 167 | 12.4
Nij oMo §W 5-O | . | |
NHy- 19086- 17.65 24.6 7275 174 | 11.0
Nij 9sMo sW5-O | 11} | .
NHy4- 19086- 17.65 24.6 87.3 148 | 9.55
Nij sMosWs-0 | 112 |

Catalytic performance does not change substantially with variations in Ni

from 0.75 to 1.5, although K appears to go through a maximum at about 1.25 Ni.

Example 8. A series of catalysts were prepared in which the quantity of
NH4OH used in the preparation was varied. The catalysts were prepared in

accordance to the procedure described in Example 3 except that the amount of
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NH4OH in solution A was varied to change to NH4OH/Ni molar ratio when the

two solutwns were mixed. Decomposmon was effected as descnbed in Example

5. The catalysts SO prepared are shown in Table 4 along with their catalytlc

actlvmes for DBT mensured as descnbed in Example 5.

Table 4. Variation in NH4OH Addition to Preparation

. _Caialysl_t Ar'nmt;n,ium Ammonium Nickel p—. Ktota | KCH
NH4O0H/N molybdate metatungstatg . nitrate conc 1@ | B/BP
imole | Sample (g) (2 | hexahydrate 350°C @
ratio. . _ - (@ NH40H .| 380°C
1:2 | 19086~ | 17.65 24.6 43.65 68 | 102 | 105
| 96 - | |
11 | 19086- | 1765 24.6 58.2 14 | 137 | 104

97 _ | 1
21 | 19086- | 17.65 24.6 72.75 30 | 167 | 124
. 82 | | .
3:1 .19086- | . 17.65. 246 87.3 41 164 | 11.4
| 104 | o |
41 | 19086- | 17.65 24.6 813 55 | 161 121
| 106 |

While decomposition of the precursor compound will drive off most, if

not all, of the ammonium portion of the precursor, the preparation of the -

precursor and the catalytic atility of the decomposition product can be affected

by the amount Qf NH,OH employed. Thus, the effectiveness of the -

decomposition product as a catalyst is enhanced when the NH,OH/Ni ratio in the
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preparation of the precursor compound is from about 1:1 to about 4:1, preférably
“about 1.5:1 to about 4:1, and more preferably about 2:1 to about 4:1. While not

wishing to be bound by any particular theory or mechanism, there is some

evidence the NH;OH/Ni ratio causes the Ni-M-W-O phase to change in the

decomposition product.

Example 9. The catalysts of examples | and 2 were compared against standard
supported Ni-Mo catalysts for the conversion pf a LSADO (low sulfur auto
diesel oil feed). This feed contained 510 wppm sulfur, 50 wppm nitrogen, and
30.6% aromatics with a gravity of 39.8° API. The catalysts were tested at 579°F,
650 psig of Hp, and 1850 SCFB/B of Hy. The relative activities of the different

~catalysts are summarized in Table 5.

Table 5. Relative Hydrotreating Activities on LSADO Feed

Catalyst Relative Volumetric ‘Relative Volumetric
' ' HDS Activity HDN Activity
Ni,Mo/AlHhO3 1 1
NH4-NiMo-O 0.25 0.50
NH4-Ni1 gMo 5W 5-O 14 2.05

The Ni, Mo/AL,O; catalyst is a standard HDN/HDS catalyst, the NH,-Ni-
Mo phase is the bulk phase with no tungsten, and the NH,-Ni,; oMo sW 5s-O is the
bulk phase with partial substitution of W for Mo. The NH,-NiMo-O catalyst is

also representative of known compounds. The catalyst of this invention is

illustrated by NH4-Ni; oMoy sWys-O and the data show the clear advantage of

ammonium nickel tungsten molybdate for HDN activity.

Example 10. Preparation of a bulk catalyst compbsition according to the solid

route:
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18. lkg—ammomum dnmolybdate (15 33kg MoO;) are dlssolved in575

: hters water. Subsequently 28.5kg ammonium metatungstate (24 69kg WO,) is
added to the splutxon'. ‘The resultmg solution is preheated up to 90°C. 26.5kg
NiCO; (49.7% Ni) powder is mixed with_.wz_xtcf 'andl the resulting paste is added.
to the Arm_nonit;m dimolybdate/ammonium mctatungstafe solution. The resulting -

mixture is reacted for 7 hours at 89°C.

Example 11. Preparatlon of a bulk catalyst composmon accondmg to the
solution route: |
_ In a 1-liter ﬂask 132¢g ammonium molybdate (0. 075 moles Mo), 18 J g
ammonium metatungstate (0.075 moles W) and 436¢g mckel nitrate hexahydrate
(0.15 moles Ni) were dissolved in 300 ml water so that the resulting pH equaled
-'4.3. To this solutibn, a conccnti'ated NH,4OH solution (about 600 mi) was added
until the pH reached 10. At this poirit,' some precipitate remained. The solution
was refluxed at 100°C for 3 hours. During this heating, the precipitate dissolved
to give a clear blue solution and on 'further h'eatin.g, a green. ;&ecipjtéte formed. -
The heating was continued until the pH reached a value between 68 and7.0. . -
The suspensio_n was cooled to room temperature, filtered, washed with water and

dried at 120°C overnight. 18 grams of material were obtained.

| Example 12. (sample 21 10587)
657g of a NI-MO-W bulk catalyst composmon obtained accordmg to the
.'pro'cedure dcscnbed in Examples 10 or 11 was added to 1362 g of an aqueous -
' _siuﬁy cdﬁtaining 125¢g of alur'ni'n.a' ('prep'arédl by precipitation Of_'sc')dium .
“aluminate and aluminum sulfate). The resulting Ni-Mo-W bulk.. catalyst -
alumina composition was subsequently rmxed at 80°C until an LOI of 31% was"

obtained. The resulting composition was subsequently extruded and the
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extrudates were dried at 120°C for about 90 minutes and subsequently caicined

at 385°C for one hour in air.

Example 13. (sample 2110598)
" The process of Example 12 was repeated except mat instead of the

alumina suspension, a silica sol containing 10 wt.% silica were applied.

Example 14. (sample 2110591) -

657g of a Ni-Mo-W bulk catalyst composition obtained according to the
procedure described in Examples 7 or 8 was added to 510g of a boehmite paste
containing 125g boehmite. The rebuffing paste was mixed at 60°C to obtain an
LOI of 42%. The resulting composition was extruded, dried and calcined as

described in Example 12.

Example 15. (sample 2110469).

The procedure described In Example 7 or 8 was repeated except that
alumina is present during the preparation of the bulk catalyst composition. To
755g of the resulting dried Ni-Mo-W bulk catalyst - alumina composition
containing 60g aluminé, 461g water and a small amount of nitric acid were
added. The resulting mixture was mixed at 70°C while evaporating water until
an LOI of 34% was obtained. The resulting bompbsition was extruded, dried and

calcined as described in Example 12.

Example 16.

Ammonium molybdate, ammonium tungsten and/or ammonium chromate
are dissolved and combined in a first reactor. The temperature is increased to
90°C. The Group VIII salt is dissolved in a second reactor and fxeated to 90°C.
Ammonium hydroxide is added to the first reactor to form a basic solution.” The

Group VIII metal solution is added to the first dropwise with stirring in 20
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minutes. After 30 mihutes, the p_récipitate is filteréd and washed. The

precipitate is dried overnight at 120°C and calcined at 385°C.

Example 17. _ L |

. 'T_he prec_:ipi-t:a-tion'method of Exampl_e'. 16 was used to_prepare a precipitate
from amr_r_loniuni dimolybdate, ammonium rheta tu'hgstate_ and Fe( IlI(NQ._;;)_; *9 .
H,0 in 98% yield comprising 41.2 wt.% Fe;03, 21.3 wt.% MoOs; and 36.9 wt.%

W03 The surface area of the precipitate was 76 mzlg._ The pore volume as.

~ measured up to 60 nm by BET ﬁsing the adsorption curve was 0.147 ml/g. |

Example'ls. o R |

_The. précipitation fﬁethbd of Eia_inple  16 was used to prepare a pfecipitﬁtc .
from Ni(CO5);¢6H;0, (NH,)MO;Os404H;0, and (NH,):Cr;O5 in 87.7% yield
comprising 52.2 wt.% NiO, 29.4. wt.% MoOQO;, ;;nd 16.6 wt._% Cr,O;z The Surfacc:
area of the precipitate was 199 r_rizlg, The pore \}dlpme as measured up to 60 nm: .

by BET using the adsorption curve was 0.276 ml/g.
Example19. |
The p'recipitati_on method of Example 16 was used to prepare a precipitate

from Ni(CO3),6H,0, (NH,)s H;W 1,040, and (NH,),Cr,0; in 87.7% yield

' comprising 44.0 wt.% NiO, 42.4 wt.% WOs, and 11.8 wt.% Cr,0;, The surface -

area of the precipitate was 199 m%/g. The pore volume as measured up to 60 nm -

by BET using the adsorption curve was 0.245 ml/g.

Example 20.

A 250N 'raf_finate was processed at raffinate hydrocracking conditionsin a

small- scale pilot unit over both a conventional NiMo hydrotreating (HT) catalyst

and the bulk metal catalyst. Feed quality, operating conditions and pilot plant test

results are given in the table below. The relative conversion activity for the bulk
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metal catalyst was 300 to 400% higher than for the con\}enﬁpnal catalyst. The
extent of saturation was also higher. Lube yields at the same product quality VI -

were similar for_:both catalysts.

250N Conventional NiMo Butk Metal Catalyst

Raffinate HT Catalyst
Feed

H2 Partiat Pressure , psig 1800 1800 1800 1800 1800 1800
H2 Treat Gas Rate, SCF/bb) 2408 2418 2405 2451 2449 . 2504
RX Temp, °C - 354.3 + 369.9 361.6 339.9 355.4 354.5
RX LHSV, hr-1 0.7 0.7 0.7 0.7 0.7 1.4
m Waxy Lube Yield, 98.8 87.1 7 83.3 76.1 589 . 702
370C+Conversion, % 11.9 21.4 . 158 23.9 405 |. 290
Retlative Conversion 66 71 69 316 304 - 411
Catalyst Activity Versus i :
Fresh Conventional NiMo
HT Catalyst, % :
Dewaxed 370C+ Product
Properties

Kinimatic Viscosity 56.15 38.72 32.59 35.52 32.08 2354 | 28.19
| _@40°C,cSt

Vi at -18 °C Pour 03 105 114 110 115 127 120

Saturates, wt% 65 86 95 97 29 99 99
Example 21.

An FFC light cycle gas oil (LCCO) and a Arab Medium Heavy Vacuum
Gas Oil (HVGO) were processed at Stage 1 hydrocracking conditions in a small
scale pilot unit over both a conventional NiMo hydrotreating (HT) catalyst and
the bulk metal catalyst. Feed quality, operating conditions and pilof plant test
results are given in the table below. The relative denitrogenation activity for the

bulk metal catalyst was 250 to 550% higher than for the conventional catalyst.
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LCCO | HVGO | | Conventional NiMo HT| | Bulk Metal Cataiyst |
2 : Catalyst :
Feed 1 [CCO | AVGO LCCO | HVGO
H2 Partial Pressure, = ) 1200 2100 1200 2100.
H2 Treat Gas Rate, 1 4900 | . 6300 4900 6300
SCF/bbl N - ' :
RX Temp, °C - ' - 1 299 360 299 . 360 -
AXLHSY, hr-1 | 1.0 1.0 1.0 1.0
- [Product Nitrogen, 74 3B 323 | 219 286 223
wppm . ' -
. [Relative 160,00 { 100.00 .| | 560.00 | 250.00-
Denltogenation ' : ' T
Volume Activity, % . !
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L) ) A
CLAIMS: o LW s s _
: 1; A process for preparing lubriéating oil basestocks which
comprises: | .

_ (a) contacting a hydrocarbon_ feedstock feedstock derived from at least
one of thermal treatment, catalytic treatment, extraction, dewaxing or
fractionation of a petroleum crude or fraction thereof, shale oil, tar sands or
synthetic crude with a bulk metal catalyst under hydrocrackiné conditions, said
catalyst combrising non-nob]e Group VIII metal molybdate in which at least a

portion but less than all of molybdenum is replaced by tungsten; and

(b) fractionating hydrbcracked feedstock to produce a distillate

lubricating oil fraction.

2, A process for producing lubricating oil basestocks which

comprises:

(a) feeding a hydrocarbon feedstock derived from at least one of
thermal treatment, catalytic treatment, extraction, dewaxing or fractionation of a
petroleum crude or fraction thereof, shale oil, tar sands or synthetic crude, to a
first hydrocracking zone containing a hydrocracking catalyst wherein said
hydrocracking catalyst is a bulk metal catalyst 'comprisi_ng non-noble Group VIII
metal molybdate in which at least a portion but less than all of molybdenum is

replaced by tungsten to produce a hydrotreated feedstock;

(b)  hydrocracking the feedstock under hydrocracking conditions to
produce a hydrocracked; |
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(c) cbnducting the hydfbcrackcd feed to a second hydrocracking zone -

co.ntéxining a second hydrocracking_cata]yst_and h_ydrocracking the first

~hydrocracked feed under hydrocracking conditions to produce a second -

~hydrocracked feed; and

(d) _fmciibnating the seco_nd.hydfocfaékéd feed to produce a distillate
lubricating oil fraction. | | |

3. The process of claim 2 whcréin ihe second hydrocijacking catalyst
is a bulk metal catalyst comprising non-noble Group VIII metal molybdate in

which at least a portion but less than 'al.l of moIdeexium is replaced by tungsten.

< 4. The process of claim 2 wherein the second hydrocracking catalyst

is a crystalline or amorphous metal oxide.

5. The process of claim 4 wherein the crystalline metal oxide is a

zeolite.

6. The--process' of claim 4 _whefein the amorphous metal oxide is-

~ silica-alumina.

7. The process of claims 1, 2 or 3 wherein the bulk metal caia_ly's‘t is
represented by the formula: - | |

X (Mo (W)a O,

wherein X is non-noble Group VIII metal, the molar ratio of b: (c+d) is 0.5/1 to
3/1, the molar ratio of c:d is >0.01/1, and z = [2b + 6(c + d)}/2. -
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8. The process of claim 7 wherein the molar ratio of b:(c+d) is 0.75/1
to 1.5/1.°

9, The process of claim 8 wherein the molar ratio of b:(e+d) is-0.75/1
to 1.25/1. |

10.  The process of claim 7 wherein the molar ratio of c:d is >0.1/1.

11.  The process of claim 10 wherein the molar ratio of c:d is1/10 to
10/1.

12.  The process of claim 11 wherein the molar ratio of c:d is 1/3 to 3/1

13.  The process of claim 1 wherein the hydrocracking conditions
include tempefatures of from 300 to 480 °C, hydrogen pressures of from 1000 to
3500 psig (6995 to 24234 KPa), liquid hourly space velocities of from 0.2104.0
and hydrogen treat gas rates of from 1000 to 15000 scf/B (178 to 2670 m*/m>).

14.  The process of claim 2 wherein the hydrocracking conditions in the
first and second hydrocracking zones include temperatures of from 300 to 480
°C, hydrogen pressures -of from 1000 to 3500 psig (6995 to 24234 KPa), liquid
hourly space velocities of from 0.2 to 4.0 and hydrogen treat gas rates of from
1000 to 15000 scf/B (178 to 2670 m*/m®).

15.  The process of claims 1 or 2 wherein the distillate lubricating oil
fraction is solvent extracted under solvent extraction conditions to produce a
raffinate rich in paraffinic hydrocarbons and an extract rich in aromatic
hydrocarbons.

16.  The process of claim 15 wherein the raffinate is solvent or

catalytically dewaxed.
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17. _Thé process of claims 1 or 2 wherein the distillate lubricating oil

~ fraction is solvent or catalytically dewaxed.

-18.  The process of clmm 15 wherem the solvent is furfural, phenol or

N-methyl-’?-pyrolhdone

19.  The process of claim 16 wherein solvent or catalytlcally dewaxed

| ' 'product is hydrofimshed under hydrofinishing conditions.

 20.  The process of claim 17 wherein solvent or catalytically dewaxed
~ product is hydrofinished under hydrofinishing conditions.
21. The process of claim 16 wherem camlytxc dewaxing is by an eight,

100r12 nng mGlecular sieve. -

22.  The process of claim 17 wherein catalytic dewaxing is by an eight,

- 10 or 12 ring molecular sieve.

23.  The pi'oceSs of claim 21 wherein the 10 ririg molecular sieve is a

' zeolite or a silicOaluminophospaté.' -

24.  The process of claim 22 wherein the 10 ring molecular sieve is a

zeolite or a silicoaluminophospate.

'25.  The process of claim 19 wherein the hydrdfinishing conditions
include a temperature of from 200 to 370 °C, pressure of from 150 to 3000 psig
(1136 to 20786 kPa), liquid hourly space velocity of from 0.2 to 5_.O.and a.
hydrogen treat rate of from 100 to 5000 scf/B (17.8 to 890 m*/m’).
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26.  The process of claim 20 wherein the hydrofinishing conditions

include a temperature of from 200 to 370 °C, pressure of from 150 to 3000 psig
(1136 to 20786 kPa), liquid hourly space velocity of from 0.2 10 5.0 and a
hydrogen treat rate of from 100 to 5000 scf/B (17.8 10 890 m’ Im"’)'.

27.  The process of claim 25 wherein the hydrofinishing conditions

- include an hydl_foﬁnishing catalyst containing at least one Group VIII metal.

28. The process of claim 26 wherein the hydrofinishing condmons

include a hydrofinishing catalyst containing at least one Group VIII metal.

29. The process of claim 27 wherein the hydrdﬁnishing catalyst is the

bulk metal catalyst.

30. The process of claim 28 wherein the hydrofinishing catalyst is the
bulk metal catalyst.

31.  The process of claims 1 or 2 wherein the lubricating oil basestocks
are Group III basestoéks having at least about 90% saturates, a sulfur content
less than about 0.03 wt.% and a VI of at least 120. |

32.  The process of claims 1 or 2 wherein the lubricating oil basestocks
are Group II basestocks having at least about 90% saturates, a sulfur content less
than about 0.03 wt.% and a VI less than 120.

33.  The process of claim 7 wherein X is Ni or Co.

34, The process of claim 7 wherein X is Ni.



