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[0002] Increasing regulatory and operational pressure has resulted in the need
for hydrocarbons that have low sulfur levels and nitrogen levels.
Hydroprocessing, which involves treating a hydrocarbon with hydrogen in the
presence of a catalyst, is a conventional method for heteroatom (e.g., sulfur and

nitrogen) removal.

[0003] Conventional hydroprocessing (i.e., known to those skilled in the art
of hydrocarbon upgrading) catalysts generally contain a Group VIB metal with
one or more Group VIII metals on a refractory support. Hydrotreating catalysts
that are particularly suitable for hydrodesulfurization, as well as
hydrodenitrogenation, generally contain molybdenum or tungsten on alumina
promoted with a metal such as cobalt, nickel, iron, or a combination thereof.
Cobalt promoted molybdenum on alumina catalysts are most widely used when
the limiting specifications are hydrodesulfurization, while nickel promoted

molybdenum on alumina catalysts are the most widely used for
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I NVENTI ON [ 0006] The invention relates to a process

for hydroprocessing a hydrocarbon feed, the process
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1.25. As too high a metal molar ratio may add unnecessary weight and reduce
the activity per unit weight of the bulk catalyst, there is a need for bulk catalysts
having a high activity and a reduced metal molar ratio, i.e., a reduced amount of

Group VIII promoter metal.

SUMMARY OF THE INVENTION

[0006] The invention relates to a process for hydroprocessing a hydrocarbon
feed, the process comprising contacting the feed with hydrogen in the presence
of a catalytically effective amount of a bulk metal catalyst under catalytic
conversion conditions, the bulk metal catalyst comprising metal oxidic particles
containing one or more Group VIB metals and one or more Group VIII metals,

the bulk metal catalyst being made by:



conversion conditions, the bul k netal catalyst
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[0008] In an embodiment, the catalyst comprises at least about 60 wt.% of the
metal oxidic particles. In a preferred embodiment, the bulk catalyst is a sulfided

catalyst.

[0009] In an embodiment, the protic liquid is water and the hydrothermal
reaction conditions include a reaction temperature above about 100°C and a
reaction pressure higher than about 1 bar. In another embodiment, the metal
oxidic particles are dried and/or heat treated after synthesis at a temperature
below about 375°C. Preferably, the one or more first metal compounds and the
one or more second metal compounds remain at least partly in the solid state

during the entire synthesis reaction.

[0010] In an embodiment, the Group VIII metal to Group VIB metal mole
ratio is between about 0.2 and about 1.5, preferably between about 0.2 and about
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bound sulfur and organically bound nitrogen into hydrogen sulfide and ammonia
respectively. In a related embodiment, the process further comprises at least one

of (i) hydrocracking and (ii) hydrogenating the hydrocarbon feed.

[0014]  In an embodiment, the hydrocarbon product is conducted away from
the process for storage and/or further processing. For example, the liquid
product, depending on product boiling range, is useful as (i) a fuel oil, such as a

diesel oil or (ii) a lubricating oil such as a lubricating oil basestock.
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molybdenum, tungsten, and mixtures thereof; and the Group VIII metal
component is selected from nickel, cobalt, iron, and mixtures thereof, The metal
components (calculated as oxides) and in the form of bulk metal particles make
up for at least 60 wt.% of the catalyst. In an embodiment, the catalyst is not
~amorphous, i.e., the catalyst exhibits at least some crystallinity as evidenced by

X-Ray diffraction, for example.

[0017] It has been discovered that such a catalyst is effective for the removal
of nitrogen and sulfur from a hydrocarbon feed, and is particularly effective for
hydroprocessing feeds containing both nitrogen and sulfur. The contacting of
the hydrocarbonaceous feedstream with the bulk metal hydroprocessing catalyst
occurs in the presence of a hydrogen-containing treat gas, and the reaction stage
is operated under effective hydroprocessing conditions. The contacting of the

hydrocarbonaceous feedstream with the bulk metal hydroprocessing catalyst
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feed, or about 75 wppm to about 800 wppm nitrogen, or about 100 wppm to
about 700 wppm nitrogen. The nitrogen appears as both basic and non-basic
nitrogen species. Examples of basic nitrogen species include quinolines and
substituted quinolines, and examples of non-basic nitrogen species may include

carbazoles and substituted carbazoles.

[0020] Feed sulfur content generally ranges from about 50 wppm to about 5
wppm, based on the weight of the feed, or from about 100 wppm to about 5000
wppm, or from about 100 wppm to about 3000 wppm. Feeds subjected to prior
processing such as separation, extraction, hydroprocessing, etc., may have
significantly less sulfur, for example in the range of 75 wppm to 500 wppm.
Feed sulfur will usually be present as organically bound sulfur. That is, as sulfur
compounds such as simple aliphatic, naphthenic, and aromatic mercaptans,

sulfides, di- and polysulfides and the like. Other organically bound sulfur
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desired result of the hydroprocessing process. For example, effective
hydroisomerization and/or catalytic dewaxing conditions are to be considered
those conditions that, when selected, achieve the desired degree of dewaxing to

produce the desired product.

[0022] In a preferred embodiment, the effective hydroprocessing conditions
are effective hydrotreating conditions, i.e., conditions effective for at least one of
(i) hydrogenation or (ii) hydrogenolysis. Generally, hydrotreating conditions
will result in removing at least a portion of the heteroatoms in the feed and in
hydrogenating at least a portion of the aromatics in the feed. Hydrotreating
conditions typically include temperatures ranging from about 100°C to about

450°C, preferably about 200°C to about 370°C, more preferably about 230°C to
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[0023]  The process uses hydrogen or a hydrogen-containing treat gas. Treat
gas can comprise substantially pure hydrogen or can be mixtures of other
components typically found in refinery hydrogen streams. It is preferred that the
treat gas C(;ntain little, more preferably no, hydrogen sulfide. The treat gas
purity should be at least about 50% by volume hydrogen, preferably at least
about 75% by volume hydrogen, and more preferably at least about 90% by

volume hydrogen. The treat gas can be pure or substantially pure hydrogen.

[0024]  The hydroprocessing occurs in a reaction stage. The reaction stage

can comprise one or more reactors or reaction zones each of which comprises
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good results can be obtained with a metal molar ratio between about 0.2 and
about 4. In this range two different sub-ranges were distinguished. In the metal
molar ratio range between about 0.2 and about 1 it was more difficult to obtain a
good catalyst when the first and second metal compounds were reacted under
atmospheric pressure conditions, i.e., at or near atmospheric pressure. Good and
better in this context mean: a bulk catalyst with high or higher
hydrodesulfurization or hydrodenitrogenation activity than a conventional

catalyst.

[0026]  When the bulk metal catalyst was prepared under atmospheric
conditions from a synthesis mixture containing a Group VIII metal to Group
VIB metal molar ratio range of about 0.2 to about 1, the X-ray diffraction

("XRD") pattern sometimes showed a large number of unidentifiable peaks,
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catal yst coul d neverthel ess be obtained. [0027]
Preferably, the bulk netal catalyst is prepared from
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the same Group VIII to Group VIB molar ratio. The bulk catalyst prepared under
hydrothermal conditions preferably has an increase in hydrodesulfurization
activity, compared to a catalyst with the same composition but produced under
atmospheric conditions, of at least about 10%, preferably at least about 15%,
more preferably at least about 20%, even more preferably at least about 25% and
most preferably at least about 30% (the hydrodesulfurization activity as
determined in the standard test described below in the description of the
examples according to the invention). In the alternative, the bulk catalyst
prepared under hydrothermal conditions has, at the same hydrodesulfurization
activity level as a bulk metal catalyst prepared under atmospheric conditions, a
Group VIII to Group VIB metal molar ratio decreased with at least about 10%,

more preferably at least about 15%, even more preferably at least about 20% and

most preferably at least about 25%.



nore preferably at |east about 20% even nore
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determned in the standard test described below in the
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[0031] Preferred bulk metal catalysts have a metastable hexagonal structure.
This metastable hexagonal structure has, in case the group VIB metal is
tungsten, an X-ray diffraction pattern with a reflection between about 60° and
65°20 (diffraction angle 2 theta) and main reflections between about 32° and
about 36°20 and between about 50° and about 55°26. When the Group VIB
metal is molybdenum, the X-ray diffraction pattern shows two reasonably well-
resolved reflections, one between about 29° and about 31°28, the other between
about 59° and about 61°20. While not wishing to be bound by any model or
theory, the presence of the metastable hexagonal phase appeared to be indicative
of a high catalytic activity of the oxidic bulk catalyst, although there is no strict
quantitative relation found. It is preferred that reflections of other crystalline
compounds are substantially absent in the X-ray diffraction pattern, although an

amorphous phase may be present. However, it was found that catalysts having
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is tungsten, an X-ray diffraction pattern with a

reflection between about 60 and 652Q(di ffraction angle
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re occurs.” Thrs applies to any and all heat
treatment steps in the production process of the bulk
netal catalyst prior to use in hydroprocessing. This
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tl%?r{ ot %%Hb u?r’rior%gre preferably not more than about 1000 pm, even more
preferably not more than about 500 pm, and most preferably not more than about
150 um. Even more preferably, the median particle diameter lies in the range of
about 1 to about 150 um and most preferably in the range of about 2 to about

150 um. Preferably, the median particle size of the metal oxidic particles

remains substantially unchanged in the bulk catalyst after compositing and

shaping.

[0034] The bulk catalyst comprises at least about 60 wt.% of metal oxidic
particles (wt.% calculated on the basis of metal oxides relative to the total weight
of the bulk catalyst) as distinguished from supported catalysts that have metal
oxides deposited on a support material in amounts significantly less than about

60 wt.%. Preferably, the bulk metal catalyst comprises at least about 70 wt.%,
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[0035] In an embodiment, the bulk catalyst, preferably after compositing and
shaping, has a B.E.T. surface area of at least about 10 m?/g, more preferably of
at least about 50 m*/g, and most preferably of at least about 80 m*/g, as
measured via the B.E.T. method. The median pore diameter (50% of the pore
volume is below said diameter, the other about 50% above it) of the metal oxidic
particles preferably is about 3 to about 25 nm, more preferably about 5 to about
15 nm (determined by N, adsorption). The total pore volume of the metal oxidic
particles preferably is at least about 0.05 ml/g and more preferably at least about
0.1 ml/g, as determined by N, adsorption.

[0036] In an embodiment, the pore size distribution of the bulk catalyst,

preferably after compositing and shaping, is approximately the same as that of
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woOnel7a50638 to the total weight of the bul k cat aCyais2006041529

an additional material, in particular a binder

material. A bulk catalyst is distinguished froma

HRSHS B Bt LSS R SRR et
HPRSBL Rl U5 LA R Sl T BOIE 1 ¥, o

detdrivied by Higo St E@lorptist) Bl fite Rl me BF @bYHL0.0$ t6RBSut 5 ml/g,

preferably binetallic, that is substantially having

meoteyprelergblyest about Bd tGrabopt ¥inkl/gredtdl mareiprefehblyadf about 0.1

al so having only nickel as the Goup VIII netal. i

tp @bl 3 i/ Andbetinvelerably 10§ abowkd.d do abyst 2 i e detarprined
. sit.ing and shaping, has a B.E. T. surface

bg':‘ilglroéggﬁg?r@g‘gp' about 10 nR/g, nore preferably of at

| east about 50 nR/g, and nost preferably of at |east

about 80 nR/g, as neasured via the B.E T. nethod. The

[083T]an Generafiyatiet ik Catlysiaficheo b@itMglamd&hhginlg&las\u
sai d dianeter, the other about 50% above it) of the
meghainiest strergtbacxpressed agsidecerabh gtrergthSGIS).30f at leass dtlbs/mm

ATt 3R et tBnrine
St FhBly P1S ShSoRAREICIE SRACh el Ll LATSE |

adeqgateBsindiagedrbi @Smipysivhgatie anidihl xidid PBbles Witlea sufficient
enbodi ment, the pore size distribution of the bulk

agaauaitwd bindaref erabl y after conpositing and shaping, is
approximately the same as that of conventi onal
hydr opr ocessi ng catal ysts. Mdire in particular, the

L ot divo. . . . o . .
P58, PO ShHa g B RS ARG SRR, i o
bRidesREBIR A8 8 BithIS: comPe¥iory &) HAR: #1ovd RRisrofbraSity O

about 5 m/g, nore prefeerably of about 0.1 t'o about 4
Prefegablyt les$ thanrabopt 80%r alithy pote sblme 6f the catalyst composition is
in pores with a diameter higher than about 100 nm (determined by mercury

intrusion, contact angle: about 130°), more preferably less than about 20%.

[0039]  The invention also relates to a sulfided bulk catalyst comprising a bulk
catalyst according to the invention which has been sulfided. Generally, the
median particle diameters of the metal sulfidic particles in the sulfided bulk

catalyst are identical to those given above for the metal oxidic particles.

SECTION III - MAKING BULK MULTIMETALLIC CATALYSTS

[0040] The invention also relates to a process for the manufacture of a bulk

metal catalyst comprising metal oxidic particles containing one or more Group



to about 3 m /g, and nost preferably of about 0.1 to
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gi ven above for the nmetal oxidic particles. SECTION
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conventional hydroprocessing catalysts, cracking compounds,
acidic additives or mixtures thereof before, during or after the
combining and/or reacting of the metal compounds,

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

(vi) shaping,

(vii) drying and/or thermally treating, and

(viii) sulfiding.

[0042]  The catalyst preparation steps will now be described in more detail.

Step (i)
[0043] The protic liquid used to make the catalyst can be any protic liquid.

Representative examples include water, carboxylic acids, and alcohols such as

methanol, ethanol, and mixtures thereof. Preferably the protic liquid comprises



conmpounds conprising one or nore G oup VIB netals in

the presence of a protic ligyd, wherein the G oup
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about 0.1 and about 5, and (ii) reacting the conpounds

under hydrothermal conditions to formmetal oxidic
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drying and/or therndlly treating, and (viil)
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now be described in nore detail. Step

0043] The
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aﬁDSPG/}aKRH{en tae (ﬂ)rdiﬂixf Hq@idelé evaadl, yulgile hickel compounds which are at
- least partly in the solid state during the reaction comprise, and more preferably
consist essentially of, oxalates, citrates, carbonates, hydroxy-carbonates,
hydroxides, molybdates, phosphates, tungstates, oxides, and mixtures thereof.
Nickel hydroXy-carbonate, nickel hydroxide, nickel carbonate, and mixtures
thereof are most preferred. Generally, the molar ratio between the hydroxy
groups and the carbonate groups in the nickel hydroxy-carbonate lies in the

range of about 0 to about 4, preferably about 0 to about 2, more preferably about
0 to about 1 and most preferably about 0.1 to about 0.8.

[0045]  Suitable tungsten compounds which are at least partly in the solid state
during the process include water-insoluble tungsten compounds, such as
tungsten di- and trioxide, tungsten sulfide (WS, and WS;), tungsten carbide,
ortho-tungstic acid (H,WO,*H,0), tungsten nitride, aluminium tungstate (also
meta- or polytungstate), ammonium phosphotungstate, and mixtures thereof.
Ortho-tungstic acid and tungsten di- and trioxide are preferred. Preferably, the
reaction between the first and second metal compound is an acid/base reaction
and the first or second metal compound is a basic solid and the other metal

compound is an acidic solid compound.
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due to ammonium nitrate salt formation.

[0048]  Preferably the catalyst is bimetallic, and is more preferably a nickel
tungsten catalyst. Bimetallic catalysts are advantageous in several respects.
Non limiting éxamples of such advantages include: the chemistry in the reaction
step is simipler; because there is only one group VIB metal there can be no
composition drift in the group VIB metals on recycling of the separated liquid
after reaction; in the embodiment in which the compounds remain at least partly
solid during the entire reaction, the amount of metals dissolved in the protic
liquid is small and hence losses are smaller; spent bimetallic catalysts are easier
to recycle to the constituent metals than the catalysts containing several Group
VIII or Group VIB metals, because there is no need to separate two group VIII
or two Group VIB metals, which is very difficult,
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[0050] The median particle diameter of the first and second solid metal
compound(s) preferably is in the range of at least about 0.5 um, more preferably
at least about 1 um, most preferably at least 2 um, but preferably not more than
about 5000 pm, more preferably not more than about 1000 um, even more
preferably not more than about 500 um, and most preferably not more than about
150 pm. Even more preferably, the median particle diameter lies in the range of
about 1 to about 150 um and most preferably in the range of 2 to 150 um.
Generally, the smaller the particles size of the metal compounds, the higher their
reactivity. Therefore, metal compounds with particle sizes below the preferred
lower limits are in principle a preferred embodiment of the present invention.
However, for health, safety, and environmental reasons, the handling of such

small particles requires special precautions.
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tHamSabBRAe s, 80eindib rOPRIbIF BRRE PhAPIHoR D% hRl nlscg@ pieferably

second netal conpound, preferably tungstic ac
micge tiingpbaut/057. 0T 6d higiBGgomVHeainoag BB nictalagelar ratios are
adsorption), MPD > 6.1 nm (as neasured by nitrogen
hgwewernatprylermed hesauesthabrmay mesult Wencompictp seastiosl afrthe

{ or i ze. di st.ri bution of .the t al
fEBSL I FRBOLE aeFFhore it brithised oy i i B st the Group
VNG WoRp 8P ffbt i8 ; W

S abomﬂ’t15 0. OSH%OQZ%%%II% Eérﬁ E%lﬁ&gé@fyé?ég%é}s%aw%gg%@ t

13.05 to about 4 m /g, nore preferably of about 0.05 to

about 3 m /g, and nost preferably about 0.05 to about

2 m/g, as determ ned by nercury or water porosinetry.

SEurt.ger, the surface area preferably is at |east about
/g, nore preferably of at I|east 20 n2/g, and nost

er : : vi.a
O e A D B ER 1y BBl B fiohs ™ I the
caftexthsf the psdseanthveationchyairbihdriel edndi@omoaRtomlitions under

referably is in the range of at |east about 0.5 nm
Wﬁﬁmethp redastoapnixture is heated to a temperature above the atmospheric

boiling point of the protic liquid used in the reaction mixture. Typically, this is
achieved in a sealed reaction vessel, under autogenous pressure, that is without
applying external pressure. Given the synthesis conditions, autogenous

pressures are typically above atmospheric pressure, i.e. above 1 bar.

[0053] When the protic liquid is water, the reaction is done under
hydrothermal conditions at a reaction temperature above about 100 °C and a
pressure higher than about 1 bar. The reaction is preferably done in an autoclave
under autogenic pressure and temperatures between about 105°C and about
180°C, such as between about 110°C and about 170°C, more preferably between
about 120°C and about 160°C, even more preferably between about 140 and
about 160°C. In an embodiment, the reaction mixture can be heated with

microwave radiation.



at least about 1 mm nost preferably at |east 2 nm

but preferably not nore thangabout 5000 nm nore
wonref/@sedssy not nore than about 1000 mm even ROTAIS2006/041529

preferably not nore than about 500 nm and nost

preferably not nore than about 150 mnm Even nore

BORAE" o A ksedeiton Mg 3 et tisieh R Toritie sPiabRaliy Somplete
the réat‘c@loha”l%% Rhctfort B B w ﬁ{eaklr d‘iﬂ?&cﬁgﬁtﬁa m of the

the particles size of e netal conpou ds the hi

seperated matl ioxidiy paﬂtit&eﬁd@&smot sho o reﬁeﬁuumsrm[sthwmbeacted
particle sizes below the preferred lower limts are in

q@aﬂlﬁgqumwnés eflgpically ethisagpetion 1sm°arm¢cbowrﬁ9§@mme of at least

n tion eal t saf e
ARG 2ol et SFb T 351 bt i o Bty feast about 6
ons. [ 0051] The
IR, B Bt BB SR oy S BRSOt [ 0 usd T the
synt heS| s can vary wdely, for exanple between about
0.1 and about 5. Generally good results can be
[60563) nell omxampleﬁ'marpemlbbdlmmt@hmp thé Bulkedatalystols arbimetallic

n a out 0.2 and about 4. Preferably, .the
1}5131&’ F?B ¥s§tha§§ rpfs@ﬁ@b@dhw@ﬁn%lﬁwqe&r@avmg an X-ray

el n&ﬂ*ﬁ‘%ﬁ% i finglscidhesfion of sy 6 A Fhaffos*20

(@PP4ktiOn ﬁngl@%ﬁ aRE $h&h3Rh ¥t sebett@@éh %{ﬁﬂt%@ and 4bG036°20

nore prefe nore than a 0.6 and nost

apideeewakn xbmr5®°taharab@bﬁ§5°2@ (ﬁsmEOdchpIﬁaB afb @& THE X -rkp

Group VIB netal nolar ratios are however not preferred

pmv:(tawefft&o:amn mpterresMWs a nldse @anlmcbln@(ageaa:lt (cph) okygdmelattice

nj ckie erefore It (é)referred that i (irhe
lrpastapbdqm Tepdem ofpigkel & s ton Ay e pCtABe

AT eIl KAy
tB Ykl @istaicawetwehdivid AEIEhbbiing BRygen atoms in the same lattice in the

cph structure and wherein the ¢ axis has a length twice the distance between two

successive layers in the cph structure. It is preferred that reflections of other
crystalline compounds are substantially absent in the X-ray diffraction pattern,
although an amorphous phase may also be present. While not wishing to be
bound by any theory or model, the presence of the metastable hexagonal phase
appears to be indicative of a high catalytic activity of the oxidic bulk catalyst.
The crystalline structure of the metastable hexagonal NiWQ, phase in the bulk
catalysts have lattice parameters of a=2.92A, b= 2.93A, and c=4.64 A, all being
+/-0.02 A.

[0056] At high temperature, the hexagonal phase is transformed into
"regular" orthorhombic NiWO,, which can be identified by comparison with the
standard powder diffraction database: JCPDS-ICDD PDF card 15-0755 or 72-



context of the present invention, hydrothernal

conditions are conditions ungler which the reaction
wonai7ses35s heated to a tenperature above the PCT/US2006/041529

at nospheric boiling point of the protic liquid used in

the reaction mxture. Typically, this is achieved in a

I ti I '
1R 0% 72 G tert 55 e B bR R e e K e
SRR SR AR SRR S B yanee with e
ifbzentiond9 ggherdlioRirhiler forthe DC-rdy Aiffidciion Paf&n oftthe Prior art
reaction i s done under hydrothermal conditions at a

triwgtallio NifMop¥r tulk cetalitst descathedtin WO 0@4a8H0,avith dss ur e
SR HRERE i Sk Sac o s T
bE SRR Ao 85 At 6350, 206 the SaTeRE g RhR ) BRRY ctnithfid of

thY SicReRRhysteR curEyst PN indéRE6n SNEwa R kigld BlfetioR MR About
nore preféerably between about 140 and about 160Q0C. In

63nteaboudiGdént , the reaction nmixture can be heated with
m crowave radiation.[0054] The reaction tine is chosen
sufficiently long to substantially conplete the
tiog. .Ih eachi-on 1S | e, e when, t -ray ..
(85 Tl M Pl o QTR IR Rl SRy iRl hih
abEvity a3 AR68ia0f wih e %Fécshﬁé‘et OOMR rH@tahﬁﬁle‘ﬂ%@&ﬁzﬁq}h se
starting conpounds. Typically, the reaction Is Carrie
watht mhor redlections béviag al falsyiddbhalf n2axtiomms [F WHNE odlidss than
at | east about 4 hours, nore preferably at |east about
26°hauprpased tewonventimal huik Nidylo| catalystasuhichgre amogphous.
[ 0055] For exanple, in an enbodi nent where the bul k
catalyst is a binetallic NiWcatal yst, the catal yst

(ﬂ}aﬁ%ﬂa t ast abl e hexagonal structure having an X-ray
[ r adepRtaliv the reackioninixtaters kept atrifscratiah phedyping the

TR TSR TN TN

pH, as described in WO 2004/073859, where an ammonium compound is added.

The pH preferably is in the range of about 0 to about 12, more preferably in the
range of about 3 to about 9, and even more preferably in the range of about 5 to
about 8. The amount of protic liquid is not critical but, on the one hand, is
conveniently chosen sufficiently high to get a slurry that can be stirred, and, on
the other hand, is conveniently chosen sufficiently low to avoid the unnecessary

creation of waste liquid.

[0059]  The parameters that are important for the performance of the bulk
catalyst according to the invention, in particular the reaction temperature and
pressure, the metal molar ratio, the hydrothermal reaction conditions and the
reaction time are described above in more detail in the description of the bulk

catalyst.



and between about 50 and about 552Q(usi ng a copper
anode). The X-ray powder diffy.action pattern shows a
wohowasgasked hexagonal (cph) oxygen lattice wWeCH/US2006/041529
al nost random di stribution of nickel and tungsten over
the octahedral cavities of the oxygen lattice wherein
SE he;.a; and b axes have a length conformng to the
ce between two nei ghboring oxygen atons in the

I ' i . rej he.
(60T | Suhef el Bapiith, G5, 7t R ShiMliEaTttal ik
pattiiaseinvise epyedted fifont B qildsé.gYskafi®iratidn bSspray drying. In
preferred that reflections of other crystalline
opeaflematise smbosiient suclah kynalzgeountiof protic Kquilis used that no
diffraction pattern, hase may

al t hough.an anor phqus .
ligpidongsds bp be spparaiged fremffg@ SHd Keasgiondradueio dihe visf redegion

"Of- e f 1 t ast.abl e....
PRAERE X i BRP e s PR SHE R e TBRES AR figppal
i1 5 ide finel ibél W afll thdtfdiged. dF 6r fhield P&%ﬁahxb%he ﬁ%ﬁl\%idic

crystalline struct ure of 1 he met ast abi e hexagona |
ppitides inrpriveéple wink soliddiqudd sefrsiton sdchipienandrieids Thé

a=2. 92A, b= 2.93A and c=4.64 A all being +/- 0.02 A
SEIAEN 9an be dane betnse ot after baing cREpagiieh Wihnadditipral

transfo d in "requl ar orthorhonmbic N W4, which
e A BErnqt-BandsluRbion T SUiPHATD furastiarian gh be
L ESE 3 1B oS oy i PRI e e an
optiot ablitl Uitpsd aearavionlend difing Xtepashdipiiidr t@dts Wding composited

pattern of the bulk binetallic catalyst prepared in
vactbe addisonal ntaterid. | nvention is generally sinilar to

the X-ray diffraction pattern of the prior art
trinmetallic Ni/MJ/ Whbul k catal yst described in WO

wlo, with the difference that the prior art
ction pattern shows two peaks (doublet Q

[00s1)eernf sbdutiréd) aandldabaa athteridlgclRtab ol ficheyagenbinder

phase structure of the nickel tungsten catalyst of the
materigls,iconvenidoral ydronypeessinig catalysts, erackingitompounds, or

mixtures thereof can be added during the above-described preparation of the

metal oxidic particles or to the metal oxidic particles after their preparation.
Preferably, this additional material is added to the slurry after the preparation of
the metal oxidic particles and prior to the separation step, but in any case prior to
the shaping step. It is mostly added after the separation from the liquid in the
mixing/kneading step. Examples of other additional materials that can be
composited with the metal oxidic particles in the catalyst according to the

invention are described in WO 00/41810.

[0062] In all the above-described process alternatives, the term "compositing
the bulk catalyst with a material" means that the material is added to the bulk

catalyst or vice versa and the resulting composition is mixed. Mixing is



63 to about 64. [0057] Simlarly for N M bul k
catal ysts, the instant catalyst has a high activity
woOhed7/056s38ssoci ated with the presence of the necassanbe41529
hexagonal phase with main reflections having a full
wi dt h half rraxi mum [ FWHM of less than 2.5, as opposed
toc ntion bul k Ni catgl ysts, .which are
RRGFa done Elé) reggnsrof 1}qu18r(eWPfelalé¥lp8n) g immeroves the

3 t tion step.
rﬁf dn?ctakgﬁé?é% ? glﬁﬁér gglm gagél&gk Eﬁﬁ?sﬁgﬁ%my be added to
increase the pH, as described in WD 2004/073859, where
an amoni um conpound i s added. The pH preferably is in
[ﬂﬂé3]r angempiosainguhe @n¢tal adidic pariclesovith paidfaddithingl iaterial

B rrange of about 3 to about 9, and even nore
ag &TéP%PS)rﬁthtthé m%tﬁ@@l WI%@etprmr@tl% elithesmetph oxidic

PRI s RLBY AP A ple Sl hishiRes sy Seneth, in
p@ﬁicu?aﬁf tHe ﬂheﬁ%‘it Ble?ﬁzé&f the ta%d@@a&%ﬁes% Wfthe e Tange

hand, is convenl osen sufticlent ['ow to avo
O e 16ABINERRE O3 Y h@@%lﬁsfe@ibl‘{\@ﬂe%sﬂ 1 g, notQReRirat] S}eat least
paraneters that are inportant for the performance
abbet buhk buapeefpsiblypacomdid thababobe500 pat,iraoke pr@ferably not
particul ar the reaction tenperature and pressure, the
mredhamaheut 1080iwm, even iy preferabiyl notemote than 500 pm, and
conditjons and the reaction tine are described above )
maest pisferabbt ael more thea abest 1 5QunpEvsn mate preferably, the median

iR dimetert R ke oatant &péﬂ“»gu%if?(f bt g B be.
t
BERERL R g R O a0 ThA & akeP 120 B oa rent, such a

smal | amount of protic liquid is used that no liquid
needs to be separated fromthe solid reaction product.

[006sH] wet Theeemhpeositing of the metal oxidic particles with the material results

in metal oxidic particles embedded in this material or vice versa. Normally, the
morphology of the metal oxidic particles is essentially maintained in the

resulting bulk catalyst.

[0065] The binder materials to be applied may be any materials
conventionally applied as binders in hydroprocessing catalysts. Examples are
silica, silica-alumina, such as conventional silica-alumina, silica-coated alumina
and alumina-coated silica, alumina such as (pseudo)boehmite, or gibbsite,
titania, titania-coated alumina, zirconia, cationic clays or anionic clays such as
saponite, bentonite, kaolin, sepiolite or hydrotalcite, or mixtures thereof.
Preferred binders are silica, silica-alumina, alumina, titania, titania-coated
alumina, zirconia, bentonite, or mixtures thereof. These binders may be applied

as such or after peptization.



product can directly be shaped after optiona

conpositing with additional _gpterial as defined bel ow
wanw7tosesssdri ed. For the separation of the netalCTase@co041529

particles in principle any solid-liquid separation

techni que can be used. The separation can be done

Sefore or after being conposited with additional
als. After solid-liquid separation, optionally,

hi st ep. can. included. Further, it is...
0S8 51 2% 31 R lionguny e e Y of Bliahoyerediciomn o
M =) o o n . p .
(BBlot AR Nt Wbl S G PRt PO AN dEyiKk i B (R,
shargmiixing, Sre or (et mixQs b combimtibesithedof,afith a combination
additional material selected fromthe group of binder
RV emixing and kpeading 9 slugumbpng ead spray-dating Peing preferred.

racki ng. conpounds ro.mxtu t her gof can_be adde
e R iBRRa0 SecareBieautien bR OFFET ub ereboss Curther)
. . « a
BHCHLR RERIIE] BT 1Pl AP IR LRI iR bRty B atier o
therned] itrlatrhentpdde dubsequbst tolrerwottiagt er the preparation
of the metal oxidic particles and prior to the
separation step, but in any case prior to the shaping
tep...It is nostly added after the separation fromthe
éﬁﬂﬁ&ﬁ in the m xi ng/ kneadi ng step. Exanples of other

gt | | i @l . omnosi.ted with the °
1886 i, SRhEH, P A bR e BRI G By of
thé ebdvevadiiionalahsteHaRGhaP8e ship QRIS Hter LRYOE] nhdi

all the above-described %r ogeipse aII?er nati veeé, %ﬁ(eﬂ)t (Igylr%g
been appli¢d. iShgpirtgecdmpiisesatdtugion, wellétizingphending 4ndreamsray-
dtgl}?.at he@gat erial_ | ﬁ added to the bul k catal yst or,
10g. {8y SAdEReEs WaICch a5 FeRYRytioathy yped knfacHitaiechaping can be

i [ J .t he presence of iquid .. '
S SBRSE L2, 000 B SEAER Sl pice,
stirch, iethiy DI85 & IbéRtornf@POS iy Rhe glycols, polyethylene oxides, or
mixtures thereof. If the shaping comprises extrusion, beading and/or spray-
drying, it is preferred that the shaping step is carried out in the presence of a
liquid, such as water. Preferably, for extrusion and/or beading, the amount of
liquid in the shaping mixture, expressed as loss of ignition (LOI), is in the range

of about 20 to about 80%.

[0068] The bulk metal hydroprocessing catalysts used in the present invention
can be formed into many different shapes. Non-limiting examples of suitable
shapes include powders, spheres, cylinders, rings, and symmetric or asymmetric
polylobes, for instance tri- and quadrulobes. Particles resulting from extrusion,
beading or pelleting usually have a diameter in the range of about 0.2 to about 10
mm, and their length likewise is in the range of about 0.5 to about 20 mm. These

particles are generally preferred. Powders, including those resulting from, e.g,.,



[0063] Conpositing the metal oxidic particles with

said additional material andhgr incorporating the
woab®Erisedssduri ng the preparation of the metal 8graise006/041529

particles leads to bulk catalysts of particularly high

mechani cal strength, in particular if the nedian
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. : t t
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preferably not nore than about 1000 mm even nore
referably not nore than 500 mm and nost preferably
p (wid) e than about 150 nm Even nore preferably, the

' ticle diameter lies in the range of about 1
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resulting bulk catal yst. [0065] The bi nder terials
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maye preferabdy belowve 3 7 H¥t st fecalsly ieven dehivo hgt)?;t_ 3)3’&0°C. This
hydrotalcite, or .mxtures thereof. Preferred binders
ﬂb%]é‘la ﬁrpfltg}:p’n% b ‘p{pé%a_l& eep the final balk eatalysisatter compositing

' :a= C i.na, .. zirconi bent oni,t r

ol S e PR e B0 B L Ry o) SR oot 48 o
and iedér inRRhkAdtas @0ciPhg Rittdlen, or in an oxygen-containing gas, such
as air or pure oxygen. The thermal treatment can be carried out in the presence

of water steam.

Step (viii)

[0070]  The process of the present invention may further comprise a
sulfidation step. Sulfidation is generally carried out by contacting the bulk
catalyst, directly after the preparation of the metal oxidic particles or after any
one of the further process steps (iii) to (vii), most preferably after the shaping to
a shaped bulk catalyst, with a sulfur-containing compound such as elementary
sulfur, hydrogen sulfide, DMDS, or inorganic or organic polysulfides. Catalyst
sulfiding can be accomplished in any way effective for making the catalyst in
sulfide form, including conventional sulfiding methods. For example, the
catalyst can be contacted with one or more of the sulfur compounds, such as a

sulfur-containing liquid. Such liquid may be the liquid form of a sulfur



[0066] The slurry, optionally conprising any of the
above additional materials cgn_be subjected to
wepoenpsaisyi ng, (flash) drying, mlling, kneadi RGT/US2006/041529
slurry-mxing, dry or wet mXxing, or combinations
thereof, wth a conbination of wet m xing and kneadi ng
bei ng preferred.

HhraRotbl s o & S@@’rﬁiﬁéLﬂqf%sidﬂrf@vtcragwogedg?@rd@@?ntaté sulfur,
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(vi) [0067] If so desired, the netal oxidiC particle
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' b h d. [ ter step (il
4 BB o b rbon
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seeaDeinddiHpisuTHEs REYS .| MESeitRg 68TR hivtad KB stfRding,
stearate, surfactants, graphite, Starch, nethy
i.eelbulacting theecutalyst with racﬂxyﬁtrkbﬂn&ri?iﬁ@ Qd}‘x{gi(ﬁﬁnfd, f%% be carried
i des, t er eof .
oﬁ%?@rﬁa%%é@ eés&*ﬁ%&ig]g))ﬁi}euléfgzm:h‘githmﬁgas?ous sulfur
i it ep is
R e B R R
. i e .
e s RSy ot SO TS ArPRAL 3581) 18y Bfgctng
theawdalpst wighieldnoent4ILsOll fur or svitlna ligeid endisslie@B@Rr &fnpSund

t.. 80% [0068] The bul k nmetal hydroprocessing
agg;&gﬂ%& §%9‘£§%Wﬂi1 18611%@11175 begtame dxriiemin this case, emby boedsired,

n b R SRS SR e e g oo i
g, PUESHATEAS ) B GSTTR BSCRELE D Pl 1ot
bd noted ehatringheventext of the present specification the indication i situ
refers to a process carried out in the unit in which the catalyst will be eventually
used in the hydroprocessing of hydrocarbon feeds. Conversely, ex situ refers to a
process carried out not inside such unit. It is preferred that the catalyst

composition is sulfided both ex situ and in situ.

[0071] A preferred process of the present invention comprises the following
successive process steps of preparing the bulk catalyst according to the
invention: contacting and reacting the first and second compound in a slurry
with protic liquid as described above, slurry mixing the obtained oxidic metal
particles with, e.g., a binder, isolating the particles via filtration, wet mixing the
filter cake with a material, such as a binder, kneading, extruding, drying,

calcining and sulfiding.

[0072]  The catalysts are characterized using the following methods:



beadi ng or pelleting usually have a dianmeter in the
range of about 0.2 to about.#0. mMm and their length
woORbkEwsessi s in the range of about 0.5 to abouPCR@SHOVG/041529
These particles are generally preferred. Powders,
i ncluding those resulting from e.g.,spray-drying
generally have a nedian particle dianmeter in the range
of about 1 mnmto about 100 mm but deviations from
[ . [ ble. Step (vii) [0069]
(ﬁr?ﬁé‘gﬂ%@ﬁtfi‘%ﬁﬁﬁéﬁgﬁﬂp, preferably above about
1000C, the resulting shaped catal yst conposition may
be thermally treated if desired. A thermal treatnent,
[H3d v erFirgtsthedengibsdne.igalantextudeteppartickswasmedsared; arebthen
bul k. catal yst h a tepperature sensitive

th%g%&d&gq RafticleWan s bJSﬁtﬁgg(i’ Cqﬁm@ﬁessaﬁdlaoaglirxgr@ﬁéb@im%sgc-)

(X Ly heat t t ed
o8 SEUTAR b LA B P e B ER A e B ea. e
pidRBGHd Wadrdpeated with ¥t fa¥eARbkiri@ats PAkEdIEY SnPeUhRrage was
(i.e., not a desired phase such as the hexagonal cfé%e

cplaulatail gehfsed (Ibp) péramiblepgthe(nomy) dHoeimedssdgieferably was

preferably bel ow about 4000C, even npre preferably
apRlieslforhaped pagicles withadsngthant gxpesding dgsm:  3500C.

This thermal treatnent is typically done on the fina

bul k catal ysts after conpositing and shapi ng. The heat
(BY P&idsiefiy ™ can vary from about 0.5 to about 48

hours and is done in an inert gas such as nitrogen, or

i n an oxygen-containing gas, such as air or pure

oxygen. The thermal treatment can be carried out in

[QQ%«? pr ebnte adsorption mepseemensivegs qavtied puf GOdGrivedin: Paul

PR e CN A A DR T
N Ay Coppdn SIS, QRIUSA 197y
965%783-0-X. Where median pore diameter MPD is mentioned, we refer to the
pore size distribution extracted from the desorption branch of the nitrogen
sorption isotherm according to the BJH method as published: P. Barrett, L. G.
Joyner, P. P. Halenda; The determination of pore volume and area distributions
in porous substances. I. Computations from nitrogen isotherms, J. Am. Chem.

" Soc. (1951), 73, 373-380. Total surface area is determined by the BET method:
S. Brunauer, P.H. Emmett and E. Teller, Adsorption of gases in multimolecular

layers, J. Am. Chem. Soc. (1938), 60, 309-319.

[0075]  Macropore volume determination, typically for pores having 60nm or -
higher pore diameter, was carried out by mercury (Hg) porosimetry as described
in e.g. Paul A. Webb and Clyde Orr, "Analytical Methods in Fine Particle
Technology", Micromeritics Instrument Corporation, Norcross, GA, USA, 1977,
ISBN 0-9656783-0-X. The contact angle used was 140 degrees.



one of the further process steps (iii) to (vii), nost
preferably after the shapinggto a shaped bul k
woav@logedss wi th a sul fur-containing compound SBCH/UB2006/041529
el ementary sul fur, hydrogen sul fide, DMS, or
i norgani c or organi c polysul fides. Catalyst sulfiding
a e ac way effective for making
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sul fiding nethods. For exanple, the catal yst can be
contacted wth one or nore of the sul fur conpounds,
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it 1s possible to incorpgrate the sulfur into the
if élm Belad COMPRURES areprespntdn bhe Fam efnparticles gvith @,@hameter larger

B o P e R R RS
hégg ys%]?én QELS} of Sedtl ﬁ?w@ﬁ?@a%ﬁn%ﬂowﬁi@hfdrg &nb{& to the

contactin t wth fur-contalning

skﬁiyeﬂ persom @anfagrdbe asd@l to wertfy dhgicanboifitiadih atimh she
been spiked with a sul fur-containing conpound such as

pra¢epstablymeiatuwill be i mms)lutetséqienwed@nopartlnb sveg Wes also
sed, contacti e, taI yst with a

delimpined s et 6rn ORI Rt ea but 1 o fu
and/or ex situ. Contacting the product with a gaseous
sul fur conmponent such as H2S can be done ex situ or in

[0671&}1 @GdQashtittivd@eteradnstion Ththd methl bomperhdl Whith are
ocarbon feed is preferably done in situ.

addcdtaablashgarﬂm aén ¢l abl;ckstaw arh addedresmisudpension(s), te amaunt of
d or disso d. su onpound, as, descr i
8031969 a <Pmpa %ﬂ. 63 r@otﬁs PRGOS} €4l bF ﬁleﬁmn%g% filtrgtion
of u%( F@sﬁeggiﬁbgss Qo b@ %‘ﬁﬂi&g |'und%rotthg %g)h&g%o{llg Sﬂpch are pephed c}t}{mg
th® ﬁddl@@ﬁr(terﬂ'ﬁ‘@aﬁﬁé | prat Qsd%tdinl?&‘lﬁr&gﬁﬁu&ﬁﬁh @@cﬂﬂ@ RiyaKat all
situ or in situ. It should be noted t

sotidmuatetiabdonthiec i dentusppriof(sy &t dadlectedens srmdindcﬁllremlqen

tu refers ¢ roce carried out in _the unit i
Fra,{q} @1@ Wﬁghégﬁ %ﬁ)ﬁgﬁd\ﬁnﬂﬁﬁ'tﬁé{ @\y!g,ﬁaggf qhylwelght o# the solhd metal

compounds can be determined by standard techniques. Of course, if apart from

~ solid metal compounds further solid compounds, such as a solid binder, are
present in the filter cake, the weight of this solid and dried binder must be
subtracted from the weight of the solid and dried filter cake. The amount of solid
metal compounds in the filter cake can also be determined by standard
techniques such as atomic absorption spectroscopy (AAS), XRF, wet chemical
analysis, or ICP.

[0078]  If the metal compounds which are added at least partly in the solid
state are added in the wetted or dry state, a filtration generally is not possible. In
this case, the weight of the solid metal compounds is considered equal to the

weight of the corresponding initially employed metal compounds, on a dry basis.



used in the hydroprocessing of hydrocarbon feeds.

Conversely, ex situ refers fg99a process carried out
woabo7iosedsde such unit. It is preferred that thecT/US2006/041529

catal yst conposition is sulfided both ex situ and in

situ. [0071] A preferred process of the present

S I e R e e -
USSP IR R A, 3,

descri bed above, slurry m xing the obtained oxidic
netal particles with, e.g., a binder, isolating the
(PaX-Relydsharaetefistic Fall iWidth weHabf Maggntime filter cake
with a material, such as a binder, kneading,

extrudi ng, drying, calcining and sul fiding. {0072] The

T e RRARAC AT T8 AT B R e o

chialysts whb GetcBRidd & ‘hheeoﬁis offe %—fr{é}“ Aftachas gbﬁélﬁ dfifie
rtircle wa

nmedsured, and then the extrudate p

catabystcTleelcharacteriptiefid] widthea tialtng:Zmimss ihe B1I6wREE a) half
by a novabl e piston. The force required to crush the
npsimugl Envexmsref2Q seatteringeangl)ofdhe peakaat 26 Feid. 6U(10. 79 and
st 40 extrudate particles and_the average was

L2 A - 55 R e Gebyingsionay the Mermg: dilnetion maern, a
SO R Aok i Ehecielis 6 Bl PROTOD) sabipedonfaf eraphite
iRCHU AP LA bSO Y FRR B GRIGUGHS Qi o5, be ghosen as

folkdweds-rap gEharatdraettingse47 &Vhagd SQGmA ; Wh%l@ﬁ%thl dfics418
I nst runment Cor poration, Norcross, GA USA, 1977, |SBN

apgstoBas igegenrce banti-veattaaslipo va0divariahle); deRDtorsslit: 0.6
efer, to the pore size distribution

nmenti oned, we !
UR; HISE S Prrice P LeRsdylPp 7 5eFanrlandvs discusied he Peleratalyst
has at least in part a hexagonal structure characterized by an X-ray diffraction
pattern having a single reflection between 58 and 65° and main reflections near
35 and 53°. The main reflections in the X-ray diffraction pattern have a full
width at half maximum (FWHM) of less than about 2.5.

SECTION IV - EXAMPLES

[0080]  The invention will be further illustrated by the Examples described
below. R3 means a reaction process wherein both the first and second metal
compounds are at least partly solid during the reaction. R2 means a reaction
route wherein either the first or second metal compound is at least partly solid
during the reaction; if more than two metals are present in the synthesis mixture,
the metals other than the first and second metal compounds can be either at least

partly solid during the reaction or dissolved. R1 means a process wherein all



sorption isothermaccording to the BJH net hod as
publ i shed: P. Barrett, L. Gjsployner, P. P. Hal enda;
woher7dste3s m nati on of pore volunme and area PCT/US2006/041529
di stributions in porous substances. | . Conputations
fromnitrogen isothernms, J. Am Chem Soc. (1951), 73,
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Deternt nation: The presence of solid fretal conpounds
HIDB isigy drbdequi fixration dbhetesis| wedegpatfirawidadiy two diffdrent
i nspection at least if the netal_ conpounds are_ present

tempergare apdnpeysspre qangitiansyh end 3. Thepestéix | o Jéforexample in
f visible Light, h

RWEH ST F080 et B e sorkition Lanfigt TeBeeg VR e RwA
- i i . . t .
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weed all sb holvithat tem&@uidneemioinssuatd ambtdlgenddsbebeedmthe
the solute state. Median particle size was_ also
samaples arqad sihalhto idgntifis ddtarengasdn catdytic atitdpcbetween

SAiRD ehe VT HEmUALY tEPE ?}Hé%ﬁﬁ%ﬁe%aﬁs%f?qrrzhé‘%%?@wem
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dif@eRsdicSéNeproei®ies wekt wedfihdichrdia’rDDfD2 dd D3. The
suspensi on(s) to be added under the conditions which
RAY A/RN@\ velueslof thegreference catalysts Ref 1 and Ref 2 obtained under

testing conditions D1, D2 and D3, respectively, were arbitrarily defined as 100.

All other RWA/RVA values are calculated relative to these reference catalysts

for each series of tests performed under the same conditions.

Reference Catalyst 1 (Ref 1: Nil-Mo00.5-W0.5 R3 90°C)

[0081] 14.4 g of M0Os (0.1 mole Mo, ex. Aldrich) and 25.0 g of tungstic acid
H,WO, (0.1 mole W, ex. Aldrich) were slurried in 800 ml of water (suspension
A) and heated to 90°C. 23.5 g of nickel hydroxycarbonate 2NiCO;*3Ni(OH),*4
H,0 (0.2 mole of Ni, ex. Aldrich) were suspended in 200 ml of water and heated
to 90°C (suspension B). The nickel hydroxycarbonate used in this and the other
examples had a B.E.T. surface area of 239 m*/g. Suspension B was added to

suspension A in 60 minutes, and the resulting mixture was maintained at 90°C



the addition (tenperature, pH, pressure, anount of
liquid), in such a way that.gll] solid materi al

woant7asess i n the suspension(s) is collected aBCTmiSRm6/041529
filter cake. Fromthe weight of the solid and dried
filter cake, the weight of the solid netal conpounds

can be determ ned by standard techni gues. O course, )
£iira B of G RPUE (CHORIERD TREnpUL ARG Shiieg. ACRE@nd of this

R R e SO R e 31610 g RS9 sl S,
chlglatdweibh: bR al18Hetal @@mpbﬁeryt@hgﬂhgquegh RenseltediPiir

dried filter cake. The armount of solid nmetal conpounds
okitdles hd hiei ditained ddter cake alas ovdrenicet evith he dvifyb inderd@dased on

techni ques such as atom c abso pt{lon spectroscop .
theantyl worght oljihe catmdpsteampastiondi khe &iatqr@ntqrn@fgﬁe pyixture
t he et al. conpoun which_ar dd t.heast partly in
gl inc IR PRt PR AL ATE, Rl B BBy oY o
i | | bYuiifie B6fid RRSSirRdet 100°E N :

S g B B R I ToE 16 B0ty
(evraight)aridealviaedat 300 °CHer t doue sPrenchtalysi was ballfidgd and
enpl oyed netal conpounds, on a dry basis. The total
teptgdynring thegpriocedurg fremmissel destinso¢asbiren b anddp2 g |
nmetal conpounds initially enployed, on a dry basis,
cal cul ated as netal oxides. (D) X-Ray Characteristic

Y ' ] | [0079] The characteristic
Qﬁa'plﬂg&?@ﬁ%@%ﬂ%@wwm of the oxidic
catal ysts was determ ned on the basis of the X-ray
diffraction pattern of the catalyst. The

[Q0f2] actAchtalyss hiaulng sNaAtW raelahedtio ofe.7mimli was preparad in a
e el BB R Rl PGS By e v
ré;a%Eioh Q@as%g}@%ghgg{#%@%oa&éoge%gﬁ ﬁe@ﬁ%{e%fa{'lg@? dé%k. ilt a reaction

attern, ract one
tdthpdraftize B0 ard thA R reictibn @intd RO hbSut®AOEGR! OITBLLOHT Ni
can be used. The neasurenent conditions can, e.g., be

cathosetie (8015 moles Ni) was added to 100cc of water along with 4.99 grams
of tungstic acid (0.02 mole W). The suspension was put into a sealed Weflon™
vessel of 275¢c total volume and heated at 10°C/min to 150°C and held at that
temperature for 6 hours with continuous stirring. The sample was cooled to
room temperature and the solid filtered and dried overnight at 120°C. The
obtained material was pelleted, the pellets were crushed and 40-60 mesh fraction
was isolated by sieving. The material was then sulfided and tested using the

procedure from Diesel test procedure D1.

Example II (Nil-W1 R3 HT 150°C)

[0083] A catalyst was prepared as described as described for Reference
Catalyst 1, except that only one Group VIB metal component was applied and

that the reaction was carried out under autogenic pressure in an autoclave at a



follows: X-ray generator settings: 40 kV and 40 nmA;

wavel ength of 1.5418 angstrogp. di vergence and
wanvirvseast er slits: v20 (variable); detector BCTWS206641529

mm step size: 0.05 (2Q; tinme/step: 2 seconds. As

di scussed, the bulk catalyst has at |least in part a
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2.5. SECTION | EXAMPLES [ 0080] The invention w |

hisateflat {l A¥C/minlta dBOAT edd held atcthExiempeesturieforiG hauts w1th
a reaction process wherein both the
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R ot UiPR ol RiGRRT 120, T RAIR T LPAGL WS nh kel me
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than two netals are present 1 n the synthesis m xt
mdieriatevad thenshHidedrard tebted fuisirgt the pocdluen fromeDatsel test
conpounds can be either at least partly solid during
PresedpEaPli on or dissolved. R neans a process wherein
al | retal conponents are dissolved in the suspension
medi um during the reaction. The reactions were

FR&L2E IR ENENdak 13t SrppPspd®) conditions, except where
“HI 1S mentio ; at catal yst synthesis was
per f ormed under hydrothermal conditions. CBD neans

conmpacted bul k density of the catal yst. The diesel
Qﬁ% opr @@%ysﬁ gvasagﬁpared@stdgscs:ﬂz@dgn@mmw Thisxeept that the

NHAFRb e i B3F 0 i F17% BE N esbbopF o melena rvas

e e e D AR

Tlib eusmtsﬁmvwaﬁpmhfcoa geled W elor Wov ks élf & 2‘5‘7’500 total volume and
nperature and pressure conditions 1 and 2. The

hp@gd it X0°C/orin 20 ($67C andhpldeatithat temperature for 6 hours with

continuous stirring. The sample was cooled to room temperature and the solid

filtered and dried overnight at 120°C. The obtained material was wet-mixed with
10 wt.% binder, extruded, dried, calcined and sulfided as described in Reference

Example Ref 1 and tested using Diesel test procedure D2.

Example IV (Ni0.5 - W0.975 - Nb0.025 R3 HT 150°C)

[0085] A catalyst was prepared as described in Example III, except that
niobium was added and that that the Ni to W to Nb molar ratio was 0.5 to 0.975
t0 0.025. 1.17 g of Ni carbonate (0.01 moles Ni) was added to 100cc of water
along with 4.87 grarhs of tungstic acid (0.0195 mole W) and 0.08g of niobic acid
(0.0005 moles Nb) (ex. CBBM Industries). The suspension was put into a sealed
Weflon™ vessel of 275cc total volume and heated at 10°C/min to 150°C and



RWAI and RWA2) refers to the test condition 1 and 2

respectively. The RWAA HDN regsults are not shown
woesEses3sshe nitrogen levels in the reaction pPoUas2006/041529

were all so low that the nmeasurenment is inaccurate and

di fferences betvveen t he san‘pl es are too small to

differen ncat tic activity tween
HeSF At teptparhlfe Tt hus Ml onfmitsg vt ‘Gin SAmple was
r o
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subidadeascdescribed ywsRefeRarfce B xanipleelf ardd teistedi ustn Dicbel test
teStdI[u,rcg onditions DI, D2 and D3, respectively, were
Pa? %5 D2y defined as 100. All other RM RVA val ues
are calculated relative to these reference catal ysts
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Exeneple \onsii Refddl s0ee0 SH ARt sgechRef L
N||-|\/bQ5 VW5 R3 900C [0081I] 14.4 g O M3 (0.1 nole

Mo, ex. Aldrich) and 25.0 g of tungstic acid H2WX

6@81 nole W ex. Aldrich) were slurried in 800 m of
(0886 (Aueatalist was mepaied Wish N do o 9o¥Cmalar sitig bio 0.5 to

b &30 XN s&%%h?%?ﬁh%m%?ﬁ”“' cHed 1] 08RO hivase along
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hydr oxycar bonat® used In t fer "exa

Mia)Xd BhdBsuspEnsion Waaqait aitea maléeﬁweﬂwrﬂM v%ﬁé?eﬂ I2796c fotal
was added to susBenS| on Ain 60 mnutes, and the

vpRENS ene feated ad B°Gimin kil A0%F and hatd gobaf femperaierd watler
ABiogEBIRd ST £ 6 PRES Wit comaSI U s TheisEpLiwar Reoled
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onen avi ng een conver

obvamﬁeﬂsmateﬂae V@i@ (;%ll@%!d thd ﬁeﬁretsp%ﬁe mgzhé’t?&ndnw—%@ rﬂ’éﬂhfractlon
10 wt. % bi nder (based on the total weight of

v&@atl%qut@ti tyovipisgt Thavatalfise waaselphodedt et tesu‘edujsmg the Diesel
ten} procegure D2.

Reference Catalyst 2 (Ref 2: Nil- W0.5 - Mo0.5 R3 95°C)

[0087] 188 g of nickel hydroxycarbonate 2NiCO;*3Ni(OH),*4 H,O (1.6
mole of Ni) were suspended in 8000 m1 of water and the resulting slurry was
heated to 60°C. Subsequently 115.2 of MoO; (0.8 mole Mo) and 200 g of
tungstic acid H,WO, (0.8 mole W) were added and the resulting slurry was
heated to 95°C and maintained at that temperature for a period of about 24 hours
with continuous stirring. At the end of this time, the suspension‘was filtered.
The obtained filter cake was wet-mixed with 10 wt% of a binder (based on the
total weight of the catalyst composition). The water content of the mixture was

adjusted in order to obtain an extrudable mix, and the mixture was subsequently



was adjusted in order to obtain an extrudable mx, and

the m xture was subsequent|yszgxtruded. The resulting
weabi7hseas dried at 1200C for 16 hours (over ni gor)usannd/ 041529

cal cined at 300 OC for 1 hour. The catal yst was

sul fided and tested using the procedure from Di esel

test, praocedures D .and .\ anmpl e (NJO. 75-WL. R3_HT
el Thoesm o seifl Vet Giisd A bow Goriiuts (overnighirand
[ nal us t at

Picted & J0 181 FRBBE TR o PRG3R Dt Rt
fraieh Wi WaRté®by ls%@iﬁ%ﬁfh‘éflﬁ%riﬁpmg %ﬁsﬂgﬁgé%%ﬁd t€hted
an autoclave at a reaction tenperature of 1500C and
using theHieselaest pocedure Ddas about 6 hours. 1.76 g of Ni
carbonate (0.015 noles Ni) was added to | OOcc of water
along with 4.99 grans of tungstic acid (0.0(2 rr}r)ole V\).I

[ into a seal ed Weflon(t vesse
E R WiivE o nd heated at 10C/min to 1500C
and held at that tenperature for 6 hours with
continuous stirring. The sanple was cooled to room
[0888]er afu0ez afithnigbiic acillildh WO, (@RedornW )diaesuayay ini @l liter

at 1200C. The obtai ned material was pelleted, the
o evatet wegihes vaughé @ eifrickel-tyulrptarborete 2OHCAR$3NI(OH), *4

A TR SR T TBR soapsGeli b poiifiss et hed to S g
P R R Ferldd 30 il O Ehigy M oy

siafgr. dcthe Gada\Eis time, 4k Sifpehbivh wad HiteRd. Bhe viuifd solid
net al conponent was applied and that the reaction was

vepardriedortd20°G el 6 AoursyememightdsEhe msu}tir@m?idthast peléeted, the
[ f Q¢ 2.35
PElPB ot E Sritbed A el rpeshiand theidaation wa%@g@la@bl haatieving.
' ' ' 0.0 .
The 3Rt ol ith GNEITEA 8 200, ToL £ B it ey s Ll
solph#ldcmd ebRd wsalg e I3iask] test procedure D3.

Example VII (Nil - W1 R3 HT 125°C)

[0089]  The catalyst was prepared under autogenic pressure in an autoclave
reactor heated with microwave radiation at a reaction temperature of 125 °C and
reaction time of about 6 hours. 2.35 g of Ni carbonate (0.02 moles Ni) was added
to 100cc of water along with 4.99 grams of tungstic acid (0.02 mole W). The
suspension was put into a sealed Weflon™ vessel of 275¢cc total volume and
heated with microwave radiation at 10°C/min to 125°C and held under autogenic
pressure at that temperature for 6 hours with continuous stirring. The sample
was cooled to room temperature and the solid filtered and dried overnight at
120°C. The obtained material was pelleted, the pellets were crushed and 40-60

mesh fraction was isolated by sieving. The material was then calcined at 300 °C



heated at 10C/ mn to 1500C and held at that

tenperature for 6 hours w th3xontinuous stirring. The
weanglsossas cool ed to room tenperature and t herPeoitiseno6/041529

filtered and dried overnight at 1200C. The obt ai ned

materi al was pelleted, the pellets were crushed and

0760 h fractian S | ¢ Leving.. T
fied BPpE s ERiah g 5 B S PuBe SO L B e Plesel rest
bQeResing from Di esel test procedure DI. Exanple |11
1D?I\UO 5-WL R3 HT 1500C) [0084] A catal yst was prepared
as described in Exanple H except that the N /Wnol ar
ratio was 0.5 to 1. 1.17 of Ni carbonate (0.01 noles
Bjample Y THAAE -+ W1 RBEEL 80°Ght er al ong with 4. 99 grans
of tungstic acid (0.02 nole W. The suspension was put
into a sealed Weflon(tn) vessel of 275cc total vol une
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&t Iecat@bwithahRaotvave eniiafi@imes Afadtion agidpéfaeurs Q:Ifl 180 °C and
filtered and dried overnight at 1200C. The obt ai ned
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ﬂ&ﬁtﬁ&@h wiTsBldled 9¥ IRGMe anhah@riat wtaE‘ fhert @J’Ié‘i%éta‘tl 80 °C

for 6 hours wth continuous stirring. The sanple was
for 1 hour. The material was then sulphided and tested using the Diesel test

procedure D3.

Example IX (Nil - W1 R3 HT 175°C)

[0091] The catalyst was prepared under autogenic pressure in an autoclave
reactor heated with microwave radiation at a reaction temperature of 175 °C and
reaction time of about 6 hours. 2.35 g of Ni carbonate (0.02 moles Ni) was added
to 100cc of water along with 4.99 grams of tungstic acid (0.02 mole W). The
suspension was put into a sealed Weflon™ vessel of 275cc total volume and
heated at 10°C/min to 175°C and held at that temperature for 6 hours with
continuous stirring. The sample was cooled to room temperature and the solid
filtered and dried overnight at 120°C. The obtained material was pelleted, the

pellets were crushed and 40-60 mesh fraction was isolated by sieving. The



cooled to roomtenperature and the solid filtered and

dried overnight at 1200C. Thg, obtained material was
wexto7wdeds (W th 10 wt. % bi nder), dried, cal ci nedTansg006/041529

sul fided as described in Reference Exanple 1 and

tested using D esel test procedure D2. Exanpl eV (NI

g e et elamed AT bl T FoATiove Biepsulphided
afld sy a0 g@}seﬁ%@ggmg%&ga 2 mles N) was added

grams of tungstic
acid (0.01 rmle W and 1.44 g O M3 (0.01 nole M).
The suspension was put into a sealed Wflon(tn) vessel
Eahn@1&Hc(Nidt-aW 0076 reNartd02®eRBeAH°6) 10C/ min to 1500C
and held at that tenperature under autogenic pressure
for 6 hours with continuous stirring. The sanpl e was
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D2. Reference Catalyst 2 (Ref 2 : NI-
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120%C f(51€16 mwomn@my Tmewawlﬁﬁ?tseﬁdms%fzﬂeww the pellets were

mai ntai ned at that tenperature for a period of about
Cmﬁhh@ end 40rahmesin and tlmﬁra@tucm wiagigolated bisiesing.ofhe magerial
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1ds D using the Diesel test procedure D3.

Example XI (Nil — W0.95 — Nb 0.05 R3 90°C)

[0093] 47.4 g of tungstic acid HyWO, (0.19 mole W) was slurried in one liter
of water together with 23.5 g of nickel hydroxycarbonate 2NiCO3*3Ni(OH),*4
H,0 (0.2 mole of Ni) and 1.6 grams of niobic acid (0.01 moles Nb). The
suspension of the 3 solids was heated to 90°C and held at that temperature for a
period of 20 hours (overnight) with continuous stirring. At the end of this time,
the suspension was filtered. The resultiﬁg solid was dried at 120°C for 16 hours
(overnight). The resulting solid was pelleted, the pellets were crushed and 40-60
mesh and the fraction was isolated by sieving. The material was then calcined at
300 °C for 1 hour. The material was then sulphided and tested using the Diesel
test procedure D3.

Example XII (Nil W0.925 Nb 0.075 R3 90°C)




total weight of the catal yst conposition). The water
content of the m xture was agjusted in order to obtain
wano@wseassabl e m x, and the m xture was PCT/US2006/041529
subsequent | yextruded. The resulting solid was dried at
1200C for 16 hours (overnight) and cal cined at 300 OC
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ese St gg%lre D3. Exanple VI (NI -
tﬁﬁed&%l %169% F@ﬁ@gﬁ%{g it al yst was prepared under
aut ogeni c pressure in an autoclave reactor heated with
m crowave radiation at a reaction tenperature of 125

Exanapld XHHENi IOM01976eNwD. 03T BHCurs. 2.35 g of N
carbonate (0.02 noles NI) was added to | OCcc of water
along with 4.99 grans of tungstic acid (0.02 nole W.

103375 B Saeay st s Ripak! Yl B gRDie el b At ave
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pressure at that tenperature
ré&Rfibhniiee o1 sboutré heurs. Thes sesfiNecarbonate (0.02 moles Ni) was added

to 100cc of water along with 4.87 grams of tungstic acid (0.0195 mole W) and

0.080 grams of niobic acid (0.0005 moles Nb). The suspension was put into a
sealed Weflon™ vessel of 275cc total volume and heated at 10°C/min to 150°C
and held at that temperature for 6 hours with continuous stirring. The sample
was cooled to room temperature and the solid filtered and dried overnight at
120°C. The obtained material was pelleted, the pellets were crushed and 40-60
mesh fraction was isolated by sieving. The material was then calcined at 300 °C
for 1 hour. The material was then sulphided and tested using the Diesel test

procedure D3.

Example XTIV (Nil - W0.95 Nb 0.05 R3 HT 150°C)

[0096] The catalyst was prepared under autogenic pressure in an autoclave

reactor heated with microwave radiation at a reaction temperature of 150 °C and



was cooled to roomtenperature and the solid filtered

and dried overnight at 1200C387The obtai ned materi al
woasopsddet ed, the pellets were crushed and 40P60/uUsSE®h/041529

fraction was isolated by sieving. The material was

then calcined at 300 OCfor 1 hour. The material was
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ﬁréé}qus ety S B g BRI W edsel test
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procedure D3. Exanple I X (Nl - W R3 HT 1750C) [0091]
The catal yst was prepared under autogenic pressure in
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at a reaction terrperature of 175 0OC and reaction tine
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reaction time of about 6 hours. 2.35 g of Ni carbonate (0.02 moles Ni) was added

to 100cc of water along with 4.62 grams of tungstic acid (0.0185 mole W) and
0.24 grams of niobic acid (0.0015 moles Nb). The suspension was put into a
sealed Weflon™ vessel of 275c¢c total volume and heated at 10°C/min to 150°C
and held at that temperature for 6 hours with continuous stirring. The sample
was cooled to room temperature and the solid filtered and dried overnight at
120°C. The obtained material was pelleted, the pellets were crushed and 40-60
mesh fraction was isolated by sieving. The material was then calcined at 300 °C
for 1 hour. The material was then sulphided and tested using the Diesel test

procedure D3.

Example XI (Nil - W1 R3 90°C 7 days)

[0098] 50.0 g of tungstic acid H,WOy, (0.2 mole W) was slurried in one liter
of water together with 23.5 g of nickel hydroxycarbonate 2NiCO;*3Ni(OH),*4



heated at 10C/ mn to 1750C and held at that

tenperature for 6 hours w thygontinuous stirring. The
weanglsossas cool ed to room tenperature and t herPeoiliseno6/041529

filtered and dried overnight at 1200C. The obt ai ned

materi al was pelleted, the pellets were crushed and
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16 hours
continuous stirring. The sample was cooled to room temperature and the solid

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

and tested using the Diesel test procedure D3.

Example XVIII (Ni0.9- W1 R1 90°C)

[00100] 49.2 g of ammonium metatungstate (0.2 mole W) were dissolved
in 800 ml! of water giving a solution of a pH of about 5.2. To this solution, 0.4
moles of ammonium hydroxide (ca. 30 ml) was added, resulting in a pH increase
to about 9.8. This solution was heated to 90°C (solution A). A second solution
was prepared by dissolving 52.4 g Ni nitrate hexahydrate (0.18 mole Ni) in 50

ml of water. The solution was maintained at 90°C (solution B). Solution B was



(overnight). The resulting solid was pelleted, the

pel l ets were crushed and 40-0 nmesh and the fraction
woasn7isedsat ed by sieving. The material was theRCT/US2006/041529

calcined at 300 OC for 1 hour. The material was then

sul phi ded and tested using the D esel test procedure

. Example XI| (Ni| \0.925 Np Q.,075 009
%e(b @P@fls%?r@%‘tﬂi(l@ll Acip /i Sélsgglgmt at formed

s e ok P B e TR B SR Sl Ped PG e

nfgﬂé&al‘i{fas’\i'i])tef%ﬂ %hofafld driR{n afr aﬂ'lQbP@ oasnﬂ% 0 TR DbEhes
The suspension of the 3 solids was heated to 900C

natneflatiemk pdlletditthe pelbets ateve ervshed angd0O+a@hmesh Factionveas

(overnlght) with contjnuous stirrin e.end of
isobated by micving el ha mpteiial srasihen Falpméaéia 35%5 fogd hawrnghe

d 16 .ght ).,
i} g Pt e i et s B R P AR Rt S
and 40-60 nesh and the fraction was isol ated by
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_ _ oom ur € and the so
275¢4 R Ad oHde @hd%a&\dee[trl'og@mﬁi to 150°C and held at that temperature

for 30 minutes with continuous stirring. The sample was cooled to room

temperature and the solid filtered, washed and dried overnight at 120°C. The
obtained material was pelleted, the pellets were crushed and 40-60 mesh fraction
was isolated by sieving. The material was then calcined at 300 °C for 1 hour. The

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

Example XX (Nil- W1 R2 90°C)

[00102] 49.2 g of ammonium metatungstate (NH4)sH, W12040 (0.2 mole W)
were dissolved in 800 ml water, giving a solution with a pH of about 5.2 at room
temperature. The solution was subsequently heated to 90°C (solution A). 23.5 g
of nickel hydroxycarbonate 2NiCO3*3Ni(OH),*4 H,0 (0.2 mole Ni) were
suspended in 200 ml of water, and this suspension was heated to 90°C

(suspension B). Then suspension B was added to solution A in 10 minutes, and



1200C. The obtained material was pelleted, the pellets

were crushed and 40-60 nesh-fifaction was isol ated by
weizewioags3s The material was then cal ci ned at 300CO@Sk@n/ 041529

1 hour. The material was then sul phided and tested

using the Diesel test procedure D3. Exanple XIV (Nl -
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heated at 10C/ mn to 1500C and held at that
tenperature for 6 hours with continuous stirring. The

Badmpple X3 (Nob! %l R Hodme@yper ature and the solid
filtered and dried overnight at 1200C. The obtai ned

material was pelleted, the pellets were crushed and
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seal ed Wflon(tm vessel of 275cc total volune and

wantededto 1@ nemperatutd @AE the solid filtered and dried overnight at

120°C. The obtained material was pelleted, the pellets were crushed and 40-60
mesh fraction was isolated by sieving. The material was then calcined at 300 °C
for 1 hour. The material was then sulphided and tested using the Diesel test

procedure D3.

Diesel Test Procedure D1

[00104] The catalysts were tested in a down-flow tubular reactor. Each
reactor tube contained 10 ml of catalyst mixed with an equal amount of SiC
particles and sandwiched between layers of SiC particles. Before being tested,
the catalysts were presulfided via liquid phase presulfiding using the feed
described in Table 1 which had been spiked with dimethyl disulfide to a total
sulfur content of 3.7 wt.%. The presulfided catalysts were then tested in the
hydrotreating of a diesel feedstock having the properties shown in Table 1.
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Table 2.

The catalysts were tested under the two conditions shown in



filtered and dried overnight at 1200C. The obt ai ned
material was pelleted, the pgl)Jets were crushed and
woQe@dsemBsh fraction was isolated by sieving. PO®US2006/041529
material was then calcined at 300 OC for 1 hour. The
material was then sul phided and tested using the
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Presulfiding | Condition 1 | Condition 2
Temperature (°C) 320 330 340
Pressure (bar) 40 40 20
H, to oil ratio (NI/1) 300 300 300
LHSV (1/h) 3.00 1.50 1.50

Diesel test procedure D3

[00107] The catalyst was loaded into the reactor in a manner analogous to
what is described in D1. Before being tested the catalysts were presulphided via
liquid phase presulphiding using LGO feed described below in Table 4 which
had been spiked with dimethyl disulfide to a total sulfur content of 3.7 wt.%.
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Table 5:

The catalysts were tested under the two conditions shown in



heated with m crowave radiation at 10C/mn to 1500C

and hel d under autogenic pregsure at that tenperature
wOan07@s50m8rs with continuous stirring. The sanmpCe/Usam6/041529

cooled to roomtenperature and the solid filtered and
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procedure D3. Diesel Test Procedure D [00104] The

cat g —fHow-tthuar—reagtor-
Each reactor tube cont ai .Eé%ﬁu%dlﬁg cf?or&g‘il‘é‘il;stc?ﬁ“iganz

wi th_an equal anopunt of |SiC particles and sandw ched
bet welmperyiwrs (°Qf) Si C paBdRicl es. Be¥xgr e bei ngB40est ed,
the |[catal ysts were presul fded viajliquid phdgse

presw fOi (g the fegd descried T Tabhe st which
had blﬁéé%hg%p#@d with di ITg?hW disyltide to ae?toc;t al

sul fur_content of 3 7 wi % The prlesulf ded|catalysts

ver ¢ Hhtmoil safie NV t he | BOOr ot r eat(i309 of a diXEXel

f eedst ock having the properties sHown in Talhle 1. Table

1 [0Qk9$V (1hp catal ysts|wgye tested gypder tTHe Ego

condi ti ons shown in Table 2. Table |2 D esel Test

Pr ocedu+re—bB2—100106}—Fhe—ecatalysts—were—testled—as
described in DI, except for another space velocity in
the 1st condition, as illustrated in Table 3. Table 3

Di esel test procedure D3 [00107] The catal yst was
| oaded into the reactor in a nanner anal ogous to

[00109] The full width at half maximum (FWHM) was measured for all

examples and was found to be below 2.5 in all examples.



disulfide to a

Bef ore being tested the
. % The presul phi ded

I's described in D
catal ysts were presul phided via |liquid phase

wonrewssedss di ng using LGO feed descri bed bel ow par/Takioe041529

4 whi ch had been spi ked wi t46 di net hyl

what

content of 3.7 wt
catal ysts were then tested in the hydrotreating of a

sul fur

t ot al

feedst ock having the properties shown in Table

4: Table 4 [00108] The catalysts were tested under the

di esel
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effective amount of a bulk netal catal yst under
catal ytic conversion conditi-@als, the bul k netal
woabt@logedss conpri sing nmetal oxidic particles CORC&IUS20G/041529
one or nore G oup VIB netals and one or nore G oup
VIIl metals, the bulk netal catalyst being nade by:
nbi n c r.e. on e fir
L0 s s AR Bl [t otesfiog Buishowrit pdigfhprmal

&ynthesus conditioseAloRthe Prapatafies of & H@tﬁltyﬂ Wih 98er %Eum%/ tﬁan
IQﬁVIB taIS|nthe resence o protic liqu
CHCSH @%wqunﬁ ¢sglresulfs also labowmt hedmthennalasynthesm

JOﬁHitﬁnb §ll$\$tt ou n s°f%ﬁ%%a‘%§algﬁgﬁ?¥é’P%@8%m %uffEoup VIB

reacting th e
metaf mr)}ﬂra’ed) af 1 oxleds CT l'pea'eﬁultslods&une'd unfiBeteR REE%ISnSPD2 show that

cl altFn %eln t P#/% ermal conditions include
IgEqthergial Rethesischongitions My thegreparatiomssicalits wiloasseptable
efcfiﬁltyammgﬁ 'VQIIQS’ drbl%g\é Ir:]?lg{%{al ﬂfoéé ﬁ\‘;‘lﬁg Eglto\z&%sld SRl redults

he process of claim

qlp}amﬁ lnéienmndmtmmm oy thatdiydnt&hdsrem casrghﬁdm alleaahé pieparation
n vess .. The praqcess, of

xt ur e
eryoafc Vﬁ 810 F gq?\ésitt om\ﬁhsé( eﬁs lrrﬁétuber Qﬁqtagnlpg alﬁkﬂl and
tuﬁgsmta@ b nadler lta’ﬂs of 8&sut 1 OThé SatlPH8 oWRSIR JAMEr 1@%@5&1{%& c

conditions at a reaction tenperature above abou

sypgetinerndiionsegenior gstivs than eatalysts mnwndewmospmnc
VI

wherei n the
opRABACRGH el Flfltes HHORE B ahns Gy heBltRapin ot aion
about 1.5.6. The process of claiml1l, wherein the G oup
VIIl metal to Group VIB netal nole ratio is between
about 0.2 and about 1.5.



7. The process of any of the preceding clains, wherein
the one or nore first netal _ggopounds and the one or
woun@/isesond nmetal conpounds remain at | east p&RCTIUS2006/041529
the solid state during the entire reaction. 8. The
process of any of the preceding clainms, wherein the
(g]?‘&ngqxi dic particles are dried and/or heat treated
enper ature bel ow about 375C. 9. The process of
any of the preceding clains, wherein the reaction
m xture conprises a Goup V netal. 10. The process of

claim,9, vhersicds Foienydropidclssims thﬂ&d&%%{ B8, b probsss
process of any of the preceding clains, erein thpe
cotaising catitacnag thecfeed vdtnpydregewin thegpres@roeuif adatlytically
eggcal , refergbl y_nickel, and only two group VIB .

HVS ,agmu@f ef abuik mete) satalystvadabeaialydig nenversiompenditions,

f the. preceding. ¢l ai wherein the

(R BBl o8P poipEis e R D2idis PorThes Gistin g i or more
GRup| VIBAREAS 3Rl YnB ot fifdre (?t%%gqmﬁnﬁa@ﬁs,%g %ll%/ hidtal cafalyst
nmetal, preferably tungsten. . The process of any o
behvey made bgi ng cl ai ns, further conprising the step of

treating the bulk nmetal catalyst with a
sul f G- cospEIbINIAG 1B Grgactien mixturerore pr Biose £irstrcommyounids

the preceding clains, furth CO I Si the step of

conbi ni ng CPRBTIEIEPIGQE HOLe GEPHD UHsmEtaY Ang 9ue oF more second
several bi.pgi ial.s: t .

catal yst g gﬁi'greﬂqggg Sg@%kég%oOﬁ%?B%gGM }r/eligafﬁ ét('f’g(Sl g itée
paticl es. pi&enée pf @ fiquidnwdieRih @628 VAII metal to Group
hydr ocarbon feed, the process conprising contacting

the feed WIBnmkiad maelenratio isthetweansahmsk Oof amd about 5, and
catalytically effective angoun f a bulk netal .
ot oLt © HastinEuhe SbmpPuRdL I AvsRoBermal sanitions to form

metal oxidic particles.

2. The process of claim 1, wherein the hydrothermal conditions
include heating the reaction mixture at a temperature above the atmospheric

boiling point of the protic liquid.

3. The process of claim 1 or claim 2, wherein the hydrothermal

conditions include heating the reaction mixture in a sealed reaction vessel.

4, The process of any of the preceding claims, wherein the protic
liquid is water and the reaction is done under hydrothermal conditions at a
reaction temperature above about 100°C and under autogenic pressure in a

sealed vessel.

5. The process of claim 1, wherein the Group VIII metal to Group
VIB metal mole ratio is between about 0.2 and about 1.5.



the bul k netal catalyst conprising netal oxidic

particles containing only tupgsten as G oup VIB netal
wenwmmsdesni ckel as G oup Vi II nmetal , and the mrOTTAIS2006/041529

ratio of nickel to tungsten is between about 0.2 and

about 1.5. 16. The process of claim 15, wherein the

nol e atlorof ni ckel  to tungsten i.s hetween about 0.2

and &bout Hheprogess ofipdaim bowherest thefyroyw yfgil?\%tah‘& @roup

r .Gl faurther contain

VB AR b6 PR BEOR Y BEE Lot ot 2 aroup v
metal. 18. The process of claim 17, wherein the G oup
V netal is niobium 19. The process of any of the
pr ecédi ng Tegirosessfafranyest the precedingoelaionsyiwigerainpihe duetor
cont |n|n h drocarbon and at | east one of sulfur and
TRPKEY @Eeme ﬁQHtH%lﬁ §@p@iﬂ@ﬁ PRRYOL m@r%wﬁﬂaéan%hcmpcunds

9,, Wer, he drocarbon
rFRaip R PRENGirg ol tE e e Py draeion
organi cal I y-bound nitrogen, and wherein the catal ytic
conversion conditions are hydrotreating conditions

ef f ed i ve Therprocs@flangdfahe peasting dginid, vhepéin the metal
oré:iam cal | y-bound sul fur and organi cal | y- bound
1

€ pgeirleshare slsiedeandl/ eroheay teatgdrat dpmipaeatarecbedowmbioat
3§§§§ect|vely 21. The process of claim 20, wherein the
tal ytic conversion conditions conprise at |east one

of (i) hydrocracking and (ii) hydrogenating the
hydr ocarbon feed. 22. The process of any of clains 19

to 29, whameiprotdde oFepgoFtiee pracdding i diats, WiRdeiatthe Seaction
used neat or blended to nake at |east one of (i) a

npixéure giomprises p Grovpedatetal. |, (iii) a lubricating oil,
or (iv) a lubricating oil basest ock.

10.  The process of claim 9, wherein the Group V metal is niobium.

11.  The process of any of the preceding claims, wherein the metal
oxidic particles comprise only one group VIII metal, preferably nickel, and only

two group VIB metals, preferably tungsten and molybdenum.

12. The process of any of the preceding claims, wherein the metal
oxidic particles comprise only one group VIII metal, preferably nickel, and only

one group VIB metal, preferably tungsten.

13.  The process of any of the preceding claims, further comprising the

step of treating the bulk metal catalyst with a sulfur-containing compound.

14.  The process of any of the preceding claims, further comprising the

step of combining the metal oxidic particles with one or several binding
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materials so that the bulk metal catalyst comprises at least about 60 wt% metal

oxidic paticles.

15. A process for hydroprocessing a hydrocarbon feed, the process
comprising contacting the feed with hydrogen in the presence of a catalytically
effective amount of a bulk metal catalyst under catalytic conversion conditions,
the bulk metal catalyst comprising metal oxidic particles containing only
tungsten as Group VIB metal and only nickel as Group VIII metal, and the mole

ratio of nickel to tungsten is between about 0.2 and about 1.5,

16.  The process of claim 15, wherein the mole ratio of nickel to

tungsten is between about 0.2 and about 1.0.

17.  The process of any of claims 15 or 16, wherein the metal oxidic
particles further contain from about 0.1 mole % to about 10 mole % of a Group

V metal.
18.  The process of claim 17, wherein the Group V metal is niobium.

19.  The process of any of the preceding claims, further comprising
forming a product containing hydrocarbon and at least one of sulfur and

nitrogen, and then separating the hydrocarbon product.

20.  The process of claim 19, wherein the hydrocarbon feed contains
organically-bound sulfur and organically-bound nitrogen, and wherein the
catalytic conversion conditions are hydrotreating conditions effective for
converting at least a portion of organically-bound sulfur and organically-bound

nitrogen in the feed to hydrogen sulfide and ammonia respectively.
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21.  The process of claim 20, wherein the catalytic conversion
conditions comprise at least one of (i) hydrocracking and (ii) hydrogenating the

hydrocarbon feed.

22.  The process of any of claims 19 to 21, wherein the separated
hydrocarbon product is used neat or blended to make at least one of (i) a fuel oil,

(ii) a diesel oil, (iii) a lubricating oil, or (iv) a lubricating oil basestock.



