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BACKGROUND OF THE INVENTION

[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.c., 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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hydr odeni trogenati on, partial aromatic saturation, as

wel | as hydrodesul furization. [0004] PCT Publication

WD 00/ 41810 descri bes bul k catal yst conpositions
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r red.n a,process in which the netal conponents are
Bﬁﬁi‘gﬁ%ﬁé‘gfﬁ"ﬂw ‘presence of a protic liquid and wherein

one or nore nmetal conponents remains at |east partly
in the solid state during the entire process, i.e., a
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catal yst conprising netal oxidic particles containing
one or nore Goup VIB netals and one or nore Goup VIII

[0005] s, AlthuvughtWO 004448 10 desdritsds veitlerangesdfer flye medd molar
ratio, acceptable conversions are achieved only at a metal molar ratio above
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:
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metal under atmospheric conditions.

[0008] Inan 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 | 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] Inan 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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enbodi nent, the reaction m xture conprises a Goup V
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metal, preferably tungsten. [0012] In an enbodi nent,

p!ﬂférabbbn@bﬁlmurther conprises formng a vapor product
containing at | east one of sulfur and nitrogen. In a
rel at ed enbodi nent, the vapor product is separated
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[0013] In an embodiment, the catalytic conversion conditions are

hydrotreating conditions effective for converting at least a portion of organically
bound sulfur and organically bound nitrogen into hydrogen sulfide and ammonia
respectively. In arelated 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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i.e., the catalyst exhibits at |east sone
crystallinity as evidenced by X-Ray diffraction, for
exanple. [0017] It has been discovered that such a

SEQTADNT 1 CATARMTHNHYIDRORROEKSSING of nitrogen and

sul fur froma hydrocarbon feed, and is particularly
effective for hydroprocessing feeds containing both
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mgt%llsf. "I an’ Emb%%ex&?%aé%juﬁ rﬁ?etgle gothonent is selected from
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



[0018] The hydrocarbon feed is a material conprising

hydr ogen and carbon that is obtained or derived from
crude petroleumoil, fromtar sands, from coa

i quefaction, shale oil and hygdrocarbon synthesis.
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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., ﬁmay 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



conpounds include the class of heterocyclic sulfur
conpounds such as thiophene, tetrahydrothiophene,
benzot hi ophene and their higher honol ogs and anal ogs.
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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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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 325-475 260- 15-170 0.3-2 1000-6,000
Gas Qil 430
Lube Oil 290-550 200- 6-210 0.2-5 100-10,000
450
Resid 10-50%>575 340- | 65-1100 0.1-1 2,000-10,000
| 450
[0023]  The process uses hydrogen or a2 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
i

treat gas contain 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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and about 5. Generally good results can be obtai ned
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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.c., at or near atmospheric piessure. 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 conthinjng 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,



e
better in this context nean: a bulk catalyst with high
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VITI nmetal to Goup VIB netal nolar ratio range of
about 0.2 to about 1, the X-ray diffraction ("XRD")
pattern sometines showed a | arge nunber of

g@ésﬂﬂugtdﬁd ép{lﬁrdﬁ@@d%tadﬁ% 2084108 Qﬁ%%talyﬂiq_lavinog such XRD
CT/ US2006/ 041529 possibly al so of unfeacted starting

patternivedssfouhddattel inactivea ¥t was surphisiigly foutd ghiaty wien the bulk
found to be inactive. It was surprisingly found that,
wietal catadysus prepased undenhyidrethermaleanstitions framea synthesis
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Preferably, the bulk netal catalyst is prepared from

synthesis mixtures containing Goup VIII to Goup VIB

0o "‘Fr@fér%l??%:e}fulﬁ%ﬁal Qaalysios Yrepardd fradh §§rﬂ%1€§ih Ynixtures

hor e  t han abou , hore preferably nore than” about
corfainéngeGroup & TtoeGrouptVIB metal mblenratios of nforé thaabmstt).3,
preferably nore than about 0.7. [0028] Wen the netal
prefexeblyamiore #ranahoup 0\, more prefesably mazertbampbeut . heeven more
synthesis m xture is ove about .1, an active catal yst
RETBEL ep e ok P D BN TBoT BT b BIBOR AR AR D dns.
However also in this nmetal nolar ratio range

hydr ot hermal conditi ons produce bul k catal yst having a

(OVSHE"  SOhE ¥l i Gk TS ESH VIt in the

heric con ons Trom synt SIS m xtur

syhthesRiXened/ i3 aiovie abouf rpactive dmil?st dadtbeopreparedaisider

cat al yst prepared under hydrothermal condit’ions

gimefpherid seaction aoniditione a ewemehaldo inlthis nieial malar atio range
eSS e ool et bk i SAG vy dhan bk

g B Rt AnBES, ShRnf b TR M i
1hE S4RE EovpAVTIt 85 8roGY B Mol 250, The bulk catalyst prepared under
hydrothermal conditions preferably has an increase in hydrodesulfurization
activity, comi)ared 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%.



nost preferably at |east about 30% (the

hydr odesul furi zation activity as determned in the
standard test described below in the description of the
exanpl es according to the invFPtion). In the

wotesmabésse, the bul k catal yst® ™ prepared under peras2006/041529
hydr ot hermal conditions has, at the sane

hydr odesul furization activity |level as a bul k netal
cat al yst prepared under atnospheric conditions, a
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Scoup) iy, referptdp Tongstereand melyhdentm. dolanother preferred
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WO OWYR.VI E, net al.s referabl ngsten. an
i GafaR T etel o Bp e g by Gl ViR anetal
ﬂ'{félj ises nmetal oxidic particles conprising
gn yalsgtntéﬁl%bb VIIl metal, preferably nickel, and only
one G oup VIB netal, preferably tungsten. [0030] In an
alternative enbodi nent, the bulk catal yst according to
[0030] i nJamhi siternativy ¢rabedimeat,othp bulloedtalyst peardingotoythe
niobium It was found that a significant activity

invgntior semprisesia Groupod metale preferablywiobivre) Hrwascfopnd that a
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the linvgntiomcdonaprisesss Groum Vometal ,grefarailg riotiuet &y areamiounkof at
nmet al catal yst{s_hav nmet ast abl e_hexagaonal structure.
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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°26, 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



6520 (diffraction angle 2 theta) and main reflections

bet ween about 32 and about 3620 and between about 50

and about 5520. Wen the Goup VIB netal is

nol ybdenum the X-ray diffraci%on pattern shows two
woaewvabdig wel | - resol ved reftetCtions, one bet weanus2006/041529
about 29 and about 31 020, the other between about 59

and about 6120. Wile not wi shing to be bound by any

nodel or theory, the presence of the netastable
E@ﬁd@@ﬁ@ﬁ@ﬁﬁ?ﬁg@pﬁﬂl?%d@ Xeay diffiwetion pealy withhd fifll width at
catal ytic activity of the oxidic bulk catalyst,
halfmaxgimurh F WHM)rtelewrd.8¢  quantitative rel ation

found. It is preferred that reflections of other
crystalline conpounds are substantially absent in the

M oo Bk risfeoiaf's e aatsHid et HoReal Jadnsedtently,
Ul B ORAGRY St v Fep R R AR Reibcarite 1R 5

BRPCTp MRr Hetffd sty ol allE oPMES KM Thi pplis

ul'k neta ysts are sensitive to

teaty andall Hent tredtaiene geps tin the prodaction srovesaof thetallk sietal
shoul d be heat treated at a tenperature bel ow a

catalyst priar to weecinchydroproicessimg. tkhis appli¢syinqrayticular alse to heat

structure occurs. This applies o any and all  heat,

trra%tatemé@? samﬁlrsbuui cetpdyst masticles aier tipg apd éﬁmmg-
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pre@thbloblowdbout BS@fEr ably  bel ow about 400C, even

nore preferably bel ow about 375C and nost preferably

bel ow about 350C. [0033] The netal oxidic particles of

t he bul k nmetal catalyst, preferably have a  nedian

[9933] c| dhsimetal axidie particles offthebuikemstal cptalystprefegsgbly have a

nore preferably a | east . ahout p nost preferab
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than tabgﬁteg(%oa ﬁllﬂ,/ lore prltgfe?al}l)r} ot xanbo(l)'claJ than about 1000 pm, even more

preferably not more than about 500 pum, 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 about 2 to about

150 pm. 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.%,



150 pm Even nore preferably, the nmedian particle
dianmeter lies in the range of about 1 to about 150 pm
and nost preferably in the range of about 2 to about
150 pm Preferably, the nedi aﬂssparti cle size of the
wotaleudagi c particles rendins substantially peghaneR@41529
in the bulk catal yst after conpositing and shaping.
[0034] The bul k catal yst conprises at |east about 60
wt.%of netal oxidic particles (wt.%calculated on the
Riv%é gratardﬂry at least aboat 78 vatl Yoy evérPmione pieferablynai Ighét abolt 80
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[0035] Inan 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



only tungsten as the G oup VIB netal and preferably

al so having only nickel as the Goup VIII netal.

[0035] In an enbodi nent, the bul k catal yst, preferably
after conpositing and shapingg_has a B.E. T. surface

VD 27050638 | east about 10 nR/ g, nore preferabl PCOUS2086/041529
| east about 50 nR/g, and nost preferably of at |east

about 80 nR/g, as neasured via the B.E. T. nethod. The
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%BSH%“%P{’ Fan (measured on extrudates with a dianeter

of about 1 to 2 about mm). The SCS of the bul k catal yst
can be adequately increased by conpositing the netal

[0038] C PR bbtbiPeatalyshcdmpeditibns Kith higHRhéthaficabstiéifyth, it may
be desirable for the catalyst composition to have a low macmpofosity.

Preferably, less than about 30% of the pore volume of 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 HI - 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



[0038] To obtain catal yst conpositions with high

nmechani cal strength, it nmay be desirable for the

catal yst conposition to have a | ow nmacroporosity.
Preferably, |ess than about 30% of the pore vol une of
wheowasasyst conposition is N pores W th a dpawmISeros/041529
hi gher than about 100 nm (determ ned by nercury

i ntrusion, contact angle: about 130), nore preferably

| ess than about 20% [0039] The invention also relates

VdBamstal$ and dné ok knoratGrioyp (VIEbmptadls ithg balkomletal cﬁﬂﬂdj?dt being
according to the invention which has been sul fided.
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netal s and one or nore G oup VI'TT metals, the bul k
met al cat aMIBt mbtal myolanmtie ibpetwéen aboubiOnl agd abowt 5, and
reactign m xture one or nore fjrst conpounds

conpr {18 ngreastingthenspmponadsunder hydeothernaglconditions tadpsn
second co nds ,conpr.i,si ng one or nore G oup VIB

metal s in %ﬁwgkcd%{%c%? a protic liquid, wherein the
Goup VII'l nmetal to Goup VIB netal nolar ratio is

bet ween about 0.1 and about 5, and (ii) reacting the

un hitidi f al
R DpOCERL R AP ore R O OTTRE
fodlowingiprgcassateps: nore of the follow ng process steps:

(iii) separating the nmetal oxidic particles fromthe
react{ih néopagateng thei mytat omduspartln&stﬁwnrtbc s¢actiondnixture,

2o S FopPeling Bt i ereies TR o TS Fon
or more materials selected from the group of binder materials,
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,

(vil) 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



conventional hydroprocessing catal ysts, cracking

conpounds, acidic additives or m xtures thereof

before, during or after the conbining and/or reacting

of the netal conpounds, (v) smgay-drying, (flash)

VO RDoTsoass! | i ng, kneadi ng, slurry-m xing, dry PET/tiS2006/041529
m xi ng, or' conbinations thereof, (vi) shaping, (vii)
drying and/or thermally treating, and (viii)
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wat er, such as m xtures of an al cohol and water, and

pmrtie lpqed és elibsenwehieh doed\hebappreciabbridterférsg weith det redction.
protic |iquids can be used. For instance, a suspension
or solution of a netal conpound in ethanol can be added

ueous, syspensi on/ soluti on of ot her net al .
(843D . o, i imisse: tadh lic iR and serared el Campgands remain
[ does. .nQt. _appreci abl v | : R

RIS Doty T e Foha e ARBRETh Ratee MaGior e Shliba,
QREEL). Whél tTORL Himid SPalr, B shieA Ry Ritht Grolip V¥ metal
SURFESHds. and'Gro m@étaCcdrhpotirstisi whiohtae¢ at least partly in the
solubility of the Goup VIII netal conpounds and G oup
sallid stateaduringrtho pnolceseigenérally ds bess thrasabou 005 mol/(1 0@ ml water
solid state during the process generally is |ess t hﬁ,n
at 806 )-oWlsn the protisoliquid s water, ailtabgmckvh@mpﬁ@ncﬂﬁw jch are at
[iquid,is t er., itabl e nickel. conpounds whi ch are.at

st perthy o e sl siate fiing the Seaptign compry e and more Preferably
dondfst ESYRnBRITY of SkalA8S CHRARs, HatbGladY, Yiydroxy-carbonates,
hydroxides, molybdates, phosphates, tungstates, oxides, and mixtures thereof.
Nickel hydroicy-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-carbohate 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 WS5), 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.



consi st essentially of, oxalates, citrates, carbonates,
hydr oxy- carbonat es, hydroxi des, nol ybdat es,

phosphat es, tungstates, oxides, and m xtures thereof.

Ni ckel hydroxy-carbonate, nickel hydroxide, nicke
carbonate, and m xtures thereof are nost preferred.
wenerakdeas the nolar ratio between the hydr oxyPCEUSRMSE/041529
and the carbonate groups in the nicke

hydr oxy-carbonate lies in the range of about 0 to

about 4, preferably about O to about 2, nore preferably
about O to about 1 and nost preferably about 0.1 to
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the reaction does not require addition of ammonia to

betause of reduced loss of precious metals and there is no danger of explosions

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 sim,pler; 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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 derRsmifabviaaHe IB/E. Tihetgdn adsorption), MPD > 6.1 nm (as
measured by nitrogen desorption). It is

[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 pum, more preferably
at Jeast about 1 pm, most preferably at least 2 pm, but preferably not more than
about 5000 pum, more preferably not more than about 1000 pm, even more
preferably not more than about 500 pum, and most preferably not more than about
150 um. Even more preferably, the median particle diameter lies in the range of
about | to about 150 pm and most preferably in the range of 2 to 150 pm.
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 embodimcﬁt of the present invention.
However, for health, safety, and environmental reasons, the handling of such

small particles requires special precautions,



desired that the total pore volune and the pore size
distribution of these netal conpounds are simlar to

t hose of conventional hydroprocessing catal ysts.
Preferably, the pore vol une.ii®.about 0.05 to about 5

WO ta@7/050688 er abl y of about 0.05 to about 4 nm/BCT/K62086/041529
preferably of about 0.05 to about 3 nlJg, and nost
preferably about 0.05 to about 2 nlJg, as determ ned by

(053 o atheSiaup Vil e Crotls Vibimetal sePRbrA0 wskn the syathesis
f bl f | ne/ f bl
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bétwicba abaua®2 théﬂbohﬂ.sl’reiﬁﬁblg Ehébalk metad catabfse isprepared

at | east about 1 1n, nost pre érably at | east 2 pm but
fromf symdidsis minturesrcontdinimg Groupt VED 00 Gropp iWiB-metal mole ratios
preferably not nore than about 1000 m_even nore

eiropre then pbaut 0.4p preferably mese thaobawt O dnergqreferably more

BrapEPR-Y, S mRERPiACRAM e P HhenL 4 Ful st ysgerably

FAREaR 0053 Thd BgHRPMhg T ) YA el ARl

IRAvévee nBE piefafed bebdite nﬁét%?f%mqﬁqﬁeoﬁmlﬁt&ﬁ@%&tiﬁbn lbmé

reactivity. Therefore, netal” conpounds particle
mitkelcohgonnd! Thereferesit isoprefertealthat iri thettuillacatalyst the Group
principle a preferred enbodi nent of the present

YHI tonGireup mole satinischel o abant2yprefarably below about
epvi ronnent al reasons, the handling of such small

]p%rti cles requires special precautions. -19- WO

2007/ 050635 PCT/ US2006/ 041529 [0051] The Goup VIII to
Group VIB netal nolar ratio used in the synthesis can

w dely, for exanple between about 0.1 and about 5.
Iy good results can be obtained wth a Goup

[0932] t oThe pesetivh Bnixmire! is RBbmitiedto Ieydrbtiermahncaiditiong). In the
and about 4. Preferably, the bulk netal catalyst is

conteph ofthe gresentdgvention, dydiotheral cooditiingiang canditipny/under
t.Q G.oup VIB netal noJe ratios )

which the reaction mixture 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.



of nore than about 0.3, preferably nore than about 0.4,
nore preferably nore than about 0.5, even nore

preferably nore than about 0.6 and nost preferably

nore than about 0.7. Too high2@®-oup VIII to Goup VIB
weRed7/0smd3ar rati os are however not preferred BETABM6/041529
that may result in inconplete reaction of the nickel
corrpound -Therefore it is preferred that in the bulk

008 5\ ThE Seacism g phdstp ShENBPURIE ©ysubStadtiafl icomplete
[tﬂg ?o +ibie lﬁal‘éhé él} {é‘nc?si)ﬁ-h’]%lﬁte ﬂhéﬁ*con%(é@? cﬁi?‘r%cﬁion ICPratte:rn pf the

erna con esen

's@FEﬁlédJﬂletél Ystidie ?ﬁftﬁ'ﬂés &6iididtisRBw rRffeciendof the ifredtged

the reactionh mxture is heated to a tenperature

abartiag tcomprinds.pTepioallypthiel reagtigioisrdarxiéd dbefopradime of at least
liquid used in the reaction mxture. Typically, this is

aboutd hours; peeforshile dt leasiottionh 4\lmma=.lmon@rpieferablvcaj denstigbout 6
ressur that .is wthout _ap i ng external pressure.
opEhand,mos |, preferably Q‘gﬁ%ﬁttabéﬁgéiﬁl}fsegenous pressures

are typlcally above at nospheric pressure, i.e. above 1

bar . [0053] V\henthe protic liquid is water, the

(66831 PR ST e BTGBl OBl A3y aimeralic
'th %ataws@,rthe *éﬁtb‘l st Hagh- mdtaStabRALHaB BnalSsuRichire rrﬁbgig an X-ray

done I n an aut ocl ave under autogeni'c pressure an

déffpetioh pattermbwithessingleqefledtitiChetntenlabotit 60B&Ed aboist65°26

as between about 110C and about 170C, nore preferably

beiffreetion amgla20) 20 mainl refientions detveayahoutd28 and about 36°20

preferably between about 140 and about 160C. In an
deatwiean: abouh §0F aadtabgut 5&"29@&111&&&%%@&@@ Whe AC-ray

di
g@%ﬁ”@tﬁﬁf@ﬁ@@i ol ihisBiosin 2 dinse packed bxagpnal (cahl: i lattice
P AIFGRE bapfioh? B GutotP gt ‘?‘?‘é‘na‘*él"ét“%% hSiEr e Sgtahedral
Gé\flﬁéﬁi@f t}&rbﬁ}fg'eh%t@lcefwﬁé?@m the a and b axes have a length conforming

to the distance between two neighboring oxygen 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 NiWOQ, phase in the bulk
catalysts have lattice parameters of a=2.92A, b= 2.93A, and ¢=4.64 A, all being
+/-0.02 A.

[0056] At high temperature, the hexagonal phase is transformed into
"regular" orthorhombic NiWOy,, which can be identified by comparison with the
standard powder diffraction database: JCPDS-1CDD PDF card 15-0755 or 72-



separated netal oxidic particles does not show

reflections of the unreacted starting conpounds.
Typically, the reaction is carried out for a tine of at

| east about 2 hours, preferably at |east about 4

hours, nore preferably at |eadl-about 6 hours and nost

WP 20053y at | east about 8 hours. [0055] For &&AHFRW6/041529
in an enbodi mrent where the bul k catalyst is a

bimetallic N Wcatalyst, the catal yst has a netastabl e

ITNGUP 2048, Yokt B 1S telhsdRickel Binesins URED Phe Xopay
aifpattibe ggucﬁf"%f ek Bﬁn&ﬁﬂic%a%&?ﬁ%gﬁ@dﬂn raeé&:%hg%%m the

bet ween out 32 and about 3620 tween about
aventibnus géﬁé’t@]lylsﬂhﬂ&‘ to thedpedy diffidetion phtert-ofalie prior art
powder diffraction pattern shows a cl ose packed
trexelglicaNiQdpAY bulk getalyst desdribed ini WO 60/4d 81 0,rwith dhe

g,i tribution of nickel and tungsten over the octahedral

renessthet theprienary diftagtion patiepmashows tvaepepks hdowblekey

ve a lLength, confopdd n o _the di,stance between 't
BB A0 b0 S0 S AL AR the misticshie heRggonaE eSS, ithure of
R iS4 i B BRRLAS OF B lyBiticn Binds e HTb}abn o oo
639 4cib 64Pt is preferred that reflections of other
crystalline conpounds are substantially absent in the
X-ray diffraction pattern, although an anorphous phase
may al so be present. While not wishing to be bound b

el e St et it
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transformed into "regular" orthorhonbic Ni WO4i whi ch
can be identified by conparison with the standard

O Bt R R PR e it e
reaction step. Although not required, basic material may be added to increase the
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.



1189 or 72-0480, where it is listed as "nickel

tungstate oxide". The X-ray diffraction pattern of the

bul k binetallic catalyst prepared in accordance with

the invention is generally simlar to the X-ray
diffraction pattern of the prdbr art trinetallic

W 20B/0FI6B%I| k cat al yst described in WO 00/ 41810PCWH°°6"“41529

the difference that the prior art diffraction pattern
shows two peaks (doublet Q between about 60 and 6520

sﬂeg’i't-fe nmet ast abl e hexagonal phase structure of the
tungsten catal yst of the invention shows a

Elm:l ar P@ﬁ#@ﬁk'ﬁ?ﬁtﬁ@uﬁgﬁg& e&%S&g ﬂ{{ﬁe ?ﬁlét arhﬂ?& %“ i ot
paticksitafi'be sephiated frohi e llicﬂ.uéségg'v@d ﬁﬁrdﬁdﬁ‘oﬂ sﬁﬁay drymg In

presence of the netastabl e hexagonal phase
onef hltarhatives enﬂmdlrgent, butH a sl fantairit ofprotie hq{:ia/ﬂﬁhdsecbthat no
| ess than as opposed to_conventional bul k N M

bqwdmgdgto hhsmrated the selid rea[cugasarowtelhc wet rcacélon
Pkt G ety e 5 tﬁ%‘ppifeﬁa.”c?o‘éﬁé@s'ag& adhiora

%ﬁ%%@%@ﬂeﬁs@ E St B8 5 %ﬁﬁﬁﬁbﬁﬁwm% oxidic

ﬁzg'}l%?fiﬁ mlé %xﬁoﬁﬂﬂlc{ Qegaa%uélﬁ E‘?:aﬁtb%tﬁsegz"{he

e pre era out 3 to about

s%gdra@oﬂfbaﬁﬂfeed@ieﬁlﬁﬁbﬁ@bﬁaﬁér Bdi'@g cempesiedd Withuidditidrl

out 8. The anount of protic liquid is not critical
tnateriatsn Atfter solid-liquid separationnoptivnably] g wishiegstep can be
sufficiently high taq %dt a sl urr% t hat can be, stirred,

laﬂ]@ edrFurthes, §tip possibledo thermaally, Teatdhe byllceasalyst after an
Gl Y S S BSR4 ¢ Bafosica
\%/ﬁﬁtﬁéqfdcﬂﬁﬁﬁﬁrxﬂﬁfé?fa](’f the bul k catalyst according to
e

inventon n particular the reaction tenperature
and pressure, the netal nolar ratio, the hydrothernal
reaction conditions and the reaction tine are
S:tepgivl)bed above in nore detail in the description of
bul k catal yst. -22-
[0061] If so desired, an additional material selected from the group of binder
materials, conventional hydroprocessing catalysts, cracking compounds, 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



WD 2007/ 050635 PCT/ US2006/ 041529 Ste iii [0060] After
the reaction step, if necessary, the obtained netal
oxidic particles can be separated fromthe |iquid,
e.g., via filtration or spra23dying. In one

W4} 2087080635 ¢ enbodi nent, such a small amount of POFY1086/041529
liquid is used that no |iquid needs to be separated
fromthe solid reaction product. The wet reaction

radu an directly be shaped,after Lanad . .
Bistirablv. S (R (b6 Hrathog? oh Ao Lo BB Ao R bisdimararen he
| i he netal oxidic

@%?W@Fée]ssq{ekgg} Pﬁgepﬁé]ﬂfﬁy ggl%lb E rsg{?f{j separation

techni que can be used. The separation can be done

before or after being conposited with additional

[e063] | alCompdsiting she irsktdli oxidid paeticleswithrsaid pdditonkl mateaial
washi ng step can be included. Further, it _is possible

tullonieamarsting dhe motesia) duking e pssperatiare! G mofpl Puike
particlsailealls 8RR cea st partigulasy ieh Sheabanisal sirenetbain,
bartibTRE I (b imodial RIS iR S e S iR s in the range
GOR IR BAOR 0,300 RIRE BrtABIL &' oot X A, AL BrcHrably at least

RN P RS PEReERRPRITADRES bR 2(TR P, HP gfefepebly not

particles or to

Iglggg%‘:%?tabﬁﬁt 100 ﬁr}?’,reg?hhoﬂe réfefdtily bof Aitlre 1B4EL506 urd, Sand

ded to the slu ter the preparation of the netal
BYsthrefeRabIyindt 8o aR kb&iit 150 LACESER Midrei fRBferalilp, thethedian
in any case prior to the shaping step. It is noStly

pitele didmefer liee in dRaramge ©f abo@ tdgbdutdodumnaridfost

m xi ng/ kneadi ng step. anpl es of other additional

prefezablalis théednpeasf dbout 2aonbeutt EX) pint h t he nmetal oxidic
particles in the catal yst according to the invention

are described in WO 00/41810. [0062] In all the

e-degscri bed proce alternatves,, the term .
(BB6i0 s £hé cgmnostin pidhe uelhl Sxidig Btislstavith g matesighsesulis
ih rﬁ‘ri'étalt %d%aerﬁ'cféls én‘i’bead?:lgﬁqn HBs trrrfa%eﬁﬂl clfr 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.



catal yst or vice versa and the resulting conposition is
m xed. Mxing is WO 20071050635 -23- PCT/ US20061041529
preferably done in the presence of a liquid ("wet
m xing"). This inproves the -##echanical stren
WQWQT”‘?@Q%I yst comnposition. [0063] Conpositi n%&ﬁggmbg&lsm
nmetal oxidic particles with said additional materi al
and/or incorporating the nmaterial during the
Sr!eEEr;ati on of the netal oxidic particles leads to
atal ysts of particularly high nmechani cal
ot . H : i i . i of
1096619, " g ORI by ne SbbichAgiora,
alaeetiald can BEsubRCRdt0S Ei;bin t(flashpdrying) millifig, kneading,
preferably at Fjggst aggt)? mg_(bqt )?rhgf egrnably %ot m)reg
sluary-mixing, G806r wehmixingeopecaheinatioys thereofywith 4 bembination
about 1000 gm even nore preferably not nore than 500
fivehmixingrand keading.or slurrymixing.and spraxpdnying beingipreferred.

e _ . :

Thess @ﬁaﬁ%f&%{g85’éépa%ﬂ%m“&qieigrg@ﬁ%[fféz%b?@%tﬁﬁ”zﬁﬁ&emer)
BB addil e 08N oM Noid st rBHBH vl e
A e o FO By, s Normal Iy, the

nor phol ogy of the netal oxidic particles is essentially
mai ntained in the resulting bulk catalyst. [0065] The
Stepd@i) materials to be applied may be any materials

conventional ly applied as bi,nders in hydroprqcessi.ng '
064] ystlgf."o desirgs, dhe oxidic particle opuanally miked vatcmy of

s conventional _siliga-al unina i lLi.ca-goated aluym pa.
5 #DRPY AsRARL pierbi pily VR fiBned oplinRafiy 3Rer sidp ) Réving
o} it e . ; i A 5
SRnARALE SRIRNE cofpriteS BRirkon, pellchint, Heh i PSIXHEEY
d@ying 2apnadditiveethich are copventichalliamed! tbtfaciditate shaping can be
hydrotalcite, or m xtures thereof. Preferred binders .
a%leds’l"hemdcﬁﬁw:maylcompﬁsg ahiminiwn, stearateysarfactants, graphite,
titani a-coated alum na, zirconia, bentcgni te,

siarehymethyl weHulgse, hentanite)ipedyvatbyleng ghye %mqlléﬁiﬁ)r’]&ﬂe Sxides, or

r%fxt&gets Hher2SE TE AR él?ar;]ﬁng 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.,



WD 2007/ 050635 24 PCT/ US2006/ 041529 Step (y) [0066]

The slurry, optionally conprising any of the above

additional materials can be aﬁubj ected to spray-drying,

(flash) drying, mlling, kneag&fng, slurry-m xj
“G?ZWPgOﬁ?% ng, or conbinations thereof, with ainl?gms%Mm1529

conbi nation of wet m xing and kneading or slurry

m xi ng and spray-dryi ng being preferred. These

§ h IfRedigd HeterOn the!
HAESRAHEE gt R HAVCH R PRI A g Yo
fmh €5 ab&ti 160! LAY bt deBafeI §6m thef géreralradfé Bfe Fossible.
hermal treatnment, and subsequent Yo re-wefting. Step
(vi) [0067] If so desired, the nmetal oxidic particle
optionally mxed with any of the above additi onal
Step(viRl s may be shaped optionally after step (ii)
having been applied. = Shaping copprises extrusion,
Mé%t i Z\Hgr ameptipRg fhmgﬁtep,mraiﬂmf&m%ﬁy? apayt 100°C, the

Sl o SR MR S 185
Bl e Roh G Sy AR TS0 Aot s, (5 e lltoed bove, o
BRI @AY R i h‘iéﬁge%ur_e@eﬁiﬁﬁ/@?nétEﬁﬁ@l@fhexhgoﬁa{l?hase which

shapi ng” conprises extrusion, beading and/or Spra

tiadlilparansforiiss toreésstatiing Staictites asdprefergblt kgt itreated at a
carried out in the presence of a |iquid, such as )
temperature belemas tgmpemturexvhersisuch transition he adully crystelline

FpARs ooy Wibor QRS PR 1R 15T B XBEORIG R mscked
BB AR e DA G AR TS BB 400, even

b b JE0% PiRFably Bvbn BALOW BRUERC. This
thefifial trevtthedy inBipidatlyodorrsomiitifinad bullotatabisesaftérasompositing
instance tri- and quadrul obes. Particles resulting from
and shaping Thetheeadi tregting timed Cart Vary fosmaboyt Advie about 48 hours

di apeter ,in the range of apout 0.2 to about 10 mn and
Qf#delsrdqnérl@taﬁ inent &aF Such as pirages, PRGN SXYgMLeentalnang gas, such

a%bﬁy br %grenggl(ygyﬂ?ﬁe 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



particles are generally preferred. Powders, including
those resulting from e.g., -25 WO 2007/ 050635
PCT/ US2006/ 041529 spray-dryi ng generally have a nedi an

particle dianeter in the rangd-of about 1 mto
WIDODOTPS0bIt devi ati ons fromthis general range %?@Bg%t%m“s”

possible. Step (vii) [0069] After an optional drying
step, preferably above about 100C, the resulting
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st having a tenperature sensi e
dubtimgetivyl. IrRadso podsible to ealfiderthe paddiice inrthd gasaous phase by
crystalline structure, are preferably heat treated at a
comtaeting it mdttbe solfurcontajming gas HkedhSeFinatly, itrisalsotpossible to
to_a fully cr%/stal line structure occurs (i.e., not a

swdfide the eatalyst by eontasting, it with agokar-contasring fideerarbon feed,

L3t e AR bRl Sng Bl B hh dompound
{180 o R AT NIPIT Dbttt O the Bofhod SEH R fcine,
i@ ! cﬁfntﬁﬁﬂg&ietéafﬂﬁst% 8 @ﬂﬂil%ontyﬁgnﬁ %}nsﬁdilﬁﬁf EdiPbé cARied
can vary om about 0.5 to about 4 our and i s done

dut iaBitiaadiorgaimm @orﬂsothi%ﬂnq&odu@trwitn agseous sulfur
oxygen-cont ai ni ng gas, suc as air or pure oxygen. The
comepongnt suchnasHpy cambe idone axsitedrantsifunConacting s product

of water steam, Ste viil [007%]ci6The process of the .
with 3sniiur-¢patainias hydyogaghem fgeddis preferably done i sifit Corfacting

15 FRtabes gt Pl SoEPSF Hatts ifid S ojSHiv e suifiy compound
o8 E8CHiBq S wll perBFaity DOt ox B I cdle, Rich b6 Hsired,
hovRiver,abl sibjdct e dllfursdbnibdifihgl Batetia$ he e dctividtion step with

catalyst, wth a sul fur-contail ning conpound such as
hydeogent Jhg activhtien withyitrdrggen san be dene BBy ovnin situ. It should

i nor gani c_or organictpol ysul fides, Catalyst = . .
be noted that in the context of the present specification the indication in 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 refersto 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:



sul fiding can be acconplished in any way effective for
meki ng the catalyst in sulfide form i ncluding
conventional sulfiding nethods. For exanple, the

catal yst can be contacted w-t)f-one or nore of the
wakdomosmsasipounds, such as a sul fur-cont ai ni ngPCTAE2086/041529
Such liquid may be the liquid formof a sulfur WO

2007/ 050635 -26- PCTI US2006/ 041529 conponent. It may
al so be a solution of a sulfur conmpound. For el enent al
sul fur, it is possible to incorporate the sulfur into

a A f sublimation. It is also

@:%'1%5 %ﬁ%ﬁpﬁtﬂnﬁ# o pE} Wuct in the gaseous phase by
contacting it with a sulfur-containing gas |ike H2S.
Finally, it is also possible to sulfide the catalyst

[P 78PNt Fist,tHe lléngthblf @%S%Ema@tetlﬁtﬁaegwﬁ/ﬂwﬁﬁé@%d then

e.g., a hydrocarbon feed that has been Splk d

ﬂvetehtradsuel particleomassubjegied topempressivedbading (25 1bs in 8.6 sec.)
di mret hyl di sul fide (DVDS). Depending on the nethod used,
bya maiahlg pistors Thecforeerequived therushithe partmlﬁ: wasaneasured. The

b TR ol s il i Yo
SR A o o b T,
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di ssol ved sul fur conpound as described above w ||

generally be done ex situ. In this case, it may be

(Be Poresimettyowever, to subject the sul fur-containing
material to an activation step-with hydrogen. The
activation wth hydrogen can be done ex situ or in

b ted that th t t f .t he
et THREGHS oot B b b B b o
it
A WieBF 30T CRHEIGH, Ahabficdl Metidak i Rk b alticl S Retiffofogt™
Mices@erties ms‘tﬁﬁﬂém @ﬁg&%ﬁ%ﬁ' Nor%s§'GA U&@r P977° ISBN 0-
process carried out n i nsi de such unit.
96667 83-0eX. Wikdretrhedian pote/dikmetay D) is mennened; Ivf'e rbfef to the
both ex situ_ and in situ. [0071] A preferred process of
poreesipe disdribution extraetad domp thesdesorpiion branshiaf gge nitrogen

SRS eang 1T B BLSR3 Bublindl o i £

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.



i nvention: contacting and reacting the first and second
conpound in a slurry wth protic |iquid as descri bed
above, slurry mxing the obtained oxidic netal

particles with, e.g., a binder, isolating the particles
via filtration, wet mxing the- filter cake with a
WRLHT08635such as a bi nder, kneadi ng, extrudi n@CT/US2006/041529
drying, <calcining and sulfiding. [0072] The catal ysts

are characterized using the foll ow ng nethods: -27- WO

IR AR R bt 5 20, 5

extrudate particle was neasured, and then the
extrudate particle was subjected to conpressive |oading

[03’@' ng) ! lﬁtlﬁaﬁﬁé -]jeteﬂiiilf’aiﬁﬂe/:a%@ pRiseh&8of gmgfé"taqe

require crush the parti was” measur ed

cBfifpoReds ﬂuﬂiﬂ% the priviessic i dsilytbd @asited Bysnisudldadiection at least

particles and the average was calculated as force

if theshetakcompoundeagtpregentin theformesfypeadtiples fveitlabdjametsr larger

applied to shaped particles with a | ength not exceeding

thanthe wayjelength of visible liglo7Qf conesenmethodsisyeh @s quasi-elastic
d.in:  Paul

b e AR S 0r BeaRippY R ERRG JTch ¢ KO PIEF ¢
FEER ST cam oo TR RR Gy A b EERhisiBRGhe iy the

phoees&all ﬁ?étglscﬂr fif thRB1te sf@é‘.ﬂ‘i’[?&ﬁﬂ’paﬁgclgesﬁfé whealsh e

pore size adistribution extracte romt esorption

deteamixtedovith Nighio st dtteaing (near firward semteieig according to
the BJH nethod as published: P. Barrett, L. G Joyner,
P. P. Hal enda; The determ nation of pore volunme and

R 5 i S d BB ESS1 spennwhich r
LRy 0 Bl B Spe o
ol Vo nof 960 R HRES 4 Rt ation
of the suspension(s) to be added under the conditions which are applied during
the addition (temperature, pH, pressure, amount of liquid), in such a way that all
solid material contained in the suspension(s) is collected as solid filter cake.
From the weight of the solid and dried filter cake, the weight of the solid metal
compounds can be determined by standard techniques. Of course, if apart from

" solid metal compounds further solid compounds, such as a solid binder, are
present in the filter cake, the weight 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.



[0075] WMacropore volune determ nation, typically for

pores having 60nm or higher pore dianeter, was carried
out by nercury (Hg) porosinmetry as described in e.qg.

Paul A. Webb and Clyde Or, “Malytical Methods in Fine

W 2QO705035 Technol ogy", M croneritics | nstrunenPCI/US2006/041529
Cor por at i on, Norcross, GA, USA, 1977, | SBN

0- 9656783-0- X. The contact angle used was 140 degrees.
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inspection at least if the metal conpounds are present
in the formof particles with a dianeter larger than

(MEXvRye IClagidtegdtio/Fsll Wiith apHalf Mexirawnse, net hods
such as quasi-elastic |ight scattering (QELS) or
near-forward scatteri ng whi ch are known to the
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e conditions which are applied during

sft&tﬁ:la@d @btwdw difiepmnetet (€g., Philipy ERS056) eqmppaﬂ with a graphite
quid), in such a way that all” solid materi al
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dried fi The anount o
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



nmetal conpounds in the filter cake can al so be

determ ned by standard techniques such as atomc

absor ption spectroscopy (AAS), XRF, wet chem cal

anal ysis, or I1CP. [00781 If 430s netal conpounds which

VEO 2005988635 at | east partly in the solid state RCEUSAN6H41529
in the wetted or dry state, a filtration generally is

not possible. In this case, the weight of the solid

S5t BB S Sl i i
el B o o AR BB e

_ el b ’
:g&nﬁéﬁedggﬁﬁgalﬂlgggg&ggéﬁyestt g?ixﬁlbﬁls Wase;%*ag@ﬁxgga glrmér dydfothermal

asi s, oxi des.
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characteristic full width at half maxi nrum (FWHM of the
hydraprocessing tast resulia sreigivenin labloh whereindd V4 aid RAWKA are

X-ray diffraction pattern of the catalyst. The
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855tk iy BRGas BUEIEAGERT A fo2 vokre pefofieisile (v BftEeint
t%hhfd@&e@ﬂ@%@&ur@%@hﬂﬁﬁﬂsm drid 2 THeépstfif 1 or 2 (for example in

ochromat or can be used. The neasurenent conditions

RWA | and RWHL)abfese o the teftaondition Kand{ rgspentively. The RWA
settings: 40 kV and 40 mA; wavel ength of 1.5418 |
HiahHtresuls arti netrshemamcbegauseiheinitregen taveld intthe reartion product

S o bt el st
SRl 10§ e ol PR FARRREHerie AV
sﬁjnpgés? Fusthe£thé %l%gd]mwgﬂﬁg 1§v§lg ?‘lﬁgf‘ the hydrotreatment

refl ections near ctiorfs In

wdre détoraiined hd givenan Teblé 6undepyeludnids 1, S2ari N1aln the tests
hal f maxi nrum (FWHM) of |ess than about 2.5. SECTION {V
diffepentvidiesel test procedures were used indicated as D1, D2 and D3. The
RWA/RVA values of the reference 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-Mo0.5-W0.5 R3 90°C)

[0081] 14.4 g of MoO; (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 2ZNiCO;*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



[0080] The invention will be further illustrated by the
Exanpl es described below R3 neans a reaction process
wherein both the first and second netal conpounds are

at |east partly solid duringihe reaction. R2 nmeans a
w@aen7ises3srout e wherein either the first or se®QmiS2006/041529
metal compound is at least partly solid during the
reaction; if nore than two netals are present in the

E(é_nthes m xture, the nﬁtals ot her thantheflrst and
ofil6 benpsolavamight) with @nufmo%tshmagt At therand,of this
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excedt where menti one nmeani ng that cata

thertota sicightost the rcfaml d: ngdﬁmdm&drm mwredontmtrtmtm fatisture
CBD rreans conpact ed of the catal yst. The
madjustddwurm'demtm&ammn extru i, andethgimixtuierwasbl e
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postfix | or 2 (for exanple in RWA 1 and RWA2) refers
to the test condition 1 and 2 respectively. The RM

Eihpled(iNi0 57 5aME]l RAtHEHSOAChecause the nitrogen |evel s

in the reaction product were all so |ow that the
measurenent is |naccurate and di fferences between the
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di es test procedures vve ed i ndi cated as

tam?eﬁhuerfel Sm%ﬂ\mat/ﬂieuesctwn tilne way sbb@an <6€hc§1ﬁ‘s al. 96 fgsof Ni
Re and Ref 2 obtained under testing conditions D,

carbenate (8015 smles Ni)why pdded to Hilsictafavatey aldagi wishi 4:89 grams
o]f tungstic acid (0.02 mole W). The suspension was put into a sealed Weflon™

vessel of 275cc total volume and heated at 10°C/min to 150°C and held at that

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 (Ni1-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



Al'l other RWN RVA values are calculated relative to

these reference catalysts for each series of tests
performed under the sane conditions. Reference Catal yst

1 (Ref 1: Nil-MbO5-WO.5 R3.9C) [0081] 14.4 g of M3
woR20d7/0896385 Mb, ex. Aldrich) and 25.0 g of tungsPE¢BHUSWIE041529
HZWM (0.1 nole W ex. Aldrich) were slurried in 800 m

of wat er (suspen3| on A) and heated to 90C. 23.5 g of

rﬁégﬁgéﬁe%ér%;yzg oRTaPRery Fheal Nistikta () 42 B0 et pvas
AR 30, 0 55 ier A1 Gng it 92 AR BF elpE AR G 8 mate W.
%el%pgnﬁoﬂ was-Bdtdhfd @E&%cggvmw&scl%{%@é t6Xal Polfite and

suspensi on A m nutes, and the resulting

lidaxéd/4tel Wm’i@tdﬂ 509Cah BheldQf that kemP€radite bP B Modles with
PCT/ US2006/ 041529 for a period of 16 hours (overnight)
cuntinuous siming)sThe samplegwasitodled terabm tempéeratureiamd, the belid
suspen3| on was filtered. The yield was abogve 98%{based

ﬂ;ltﬁrcd@n dhieghoveraightat 132{1°Coﬂ"h§|qbtame¢émaé@midﬁm@l eted, th
o ers Gusiel 0RO RasTneriord wat THlBef 00 S URBo BB
r&&?g%%%hﬁiﬁi Ufiafd ghd fesfe ﬁ*ﬁ‘ézlgéﬁlé%% b 200 DIERE test,

% Wfpedyy extrudable mix, and the m xture was

sequently extruded. The resulting solid was dried at
120C for 16 hours (overnight) and calcined at 300 C
for 1 hour. The catal yst was sulfided and tested using

Example JHoNiPS-W ORI EIH0°Cest procedures D 1 and D2.

Exanple I (N 0.75-W R3 HT 150C) [0082] A catal yst
having a NN/Wnolar ratio of 0.75 to 1 was prepared in

(BT o catGRY Broplred FadsPultEd i RGOS, picsih i e
NI o6 (B 853UTIET T B HNPHEBGAAY £ 01 AoleE g Wl

tenperature the reacti tinme

addedito 600 6Pwatkr Eﬁ) with4,99 Fﬂid?@ﬁﬁm gbfic Bdid (UCOZGﬁwM W).
was added to 100cc vvater allong with 4.99 grans

The suspension was put mto a sealed Weﬂon vessel] of 27500 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 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
to 0.025. 1.17 g of Ni carbonate (0.01 moles Ni) was added to 100cc of water
along with 4.87 graﬁls 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



of tungstic acid (0.02 nole W. The suspension was put
into a sealed Weflon'' vessel of 275cc total volune

and heated at 10C mn to 150C and held at that

tenperature for 6 hours with 33ontinuous stirring. The
WOBI007/85068% cool ed to room tenperature and theP‘g'EfUS%P"ﬁm‘”S”
filtered and dried overnight at 120C. The obtai ned

mat eri al was pelleted, the pellets were crushed and

el el et B 6B S S SGTHIE T Sample was
SPGB pE I apli 3t s ekt Lot gt BYBlfal at 120°C.

RS 6bt ARtEPA Srasisdnided (RAHCIPRESs birrier), Wiedlcalcined and
except that only one Goup VIB netal conponent was
suifiled ds destritidiain Réferenea Bxiamplevd andatested disingt Dieseletest
aut ogeni c pressure in an autoclave at a -32- WO
poogdaedd3ds PCT/ US2006/ 041529 reaction tenperature of
150C. 2.35 g of NI carbonate (0.02 noles N) was added

s s /Y.L LICYaR IS it~ 1 vol unme and heated
at 10C¢ mn to 150C and held at that tenperature for 6
hours with continuous stirring. The sanple was cool ed
86POMA eafaffsRwesPrépited MatSNE te!Md id WehAardatodr tofls to
%@er]rii ght at B?LZOC. ebThe obtai ned material was pelleted,

0.5e 2.3 lof 06 ouebenate (.02 tnelos NAYwae addeditd 100dc afiwates along
i solated by sieving. The material was then sulfided
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R el Rined & 1Sl G0ty Bt b Bcrapts bogh
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tofroémIempepdtate ared thesoliddiltered and dried overnight at 120°C. The

obtained material was pelleted, the pellets were crushed and 40-60 mesh fraction

was isolated by sieving. The catalyst was sulphided and tested using the Diesel

test procedure D2,

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

[0087] 188 g of nickel hydroxycarbonate 2NiCO3*3Ni(OH),*4 H,0 (1.6
mole of Ni) were suspended in 8000 ml of water and the resulting slurry was
heated to 60°C. Subsequently 115.2 of MoQ; (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 mixturg was subsequently



heated at 10C/ mn to 150C and held at that tenperature

for 6 hours with continuous stirring. The sanple was
cooled to roomtenperature and the solid filtered and
dried overnight at 120C. The gptai ned material was
woloohsoest wiwth 10 wt. % bi nder, extruded, dri eRCT/US2006/041529
cal cined and sul fided as described in Reference

Exanpl e Ref 1 and tested using Diesel test procedure

D2. Exanple IV (NiQ.5 - W, 975 - NbO, 025
o Khegesliivg salid viaseitiodat 126°Adon 6 boars (overishiyand

"né%8X°jsb@“ﬁ5|1£A&a CegidEe o g
N
DRGSO piastafh 8. of 0Bl e acid (00005 ol es
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heated at 10C/ nun to 150C and -33- WO 2007/ 050635

Eempe DAL R3 MCY at that tenperature for 6 hours
with continuous stirring. The sanple was cooled to
roomtenperature and the solid filtered and dried
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sulphided and tested using the Diesel 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 275cc 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



obtai ned material was pelleted, the pellets were

crushed and 40-60 nesh fraction was isol ated by

sieving. The catal yst was sul phi ded and tested using

the Diesel test procedure D235 Reference Catal yst (Ref

WO 20¢7/030635/). 5 - Mp0.5 R3 95C) [00871 188 g of RCEMSPO06/041529
hydr oxycar bonate 2N CO3*3Ni (OH) 2*4 H20 (1.6 nole of

Ni ) were suspended in 8000 mM of water and the
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PRt T8 atitial s ollaroifhyied 308 e BERNTEE Diestd Bt
gl%cgdﬂi‘éll%w were added and the resulting slurry was
eated to 95C and mai ntai ned at that tenperature for a
peri od of about 24 hours wth continuous stirring. At
the end of this time, the suspension was filtered. The
ByampleeWIH i(Ni br WAIRS FESO0€T)- i xed with 10 wt % of a
bi nder (based on the total weight of the catalyst
conposition). The water content of the m xture was
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mesh fraction was isolated by sieving. The materi al
toak)Och @f veatepalorg dvitind, Wegranss oftangsiict dwid () 62aholecWl). The
procedure D3. Exanple VIE}Ni I T%{\l R3 90C) [00881 50.0 g
ISpenaion Was pat intorpssaled Weflomo! aveggel @i 75rei iatakbvolumenns
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this time, the suSpension was filtered. The resultinhg
ROCdTheebtainédthadérial 2045 pedletdd; theopeliets overe cngshed andldd-60
resulting solid was pelleted, the pellets were crushed
mesh fractgm was iscdaigdttiyesievingt Themaderial svasthen calcined at 300 °C

for 1 hoUf, 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 275¢c 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



The material was then calcined at 300 C for 1 hour. The
materi al was then sul phided and tested using the

Di esel test procedure D3. Exanple VII (Nl - W1 R3 HT
125C $0089] The cat al yst wasS6pr epared under autogenic
WG 84030635 n an aut ocl ave reactor heated with ﬁ?’E’g@m%‘“s”
radi ation at a reaction tenperature of 125 C and

reaction tinme of about 6 hours. 2.35 g of Ni carbonate

0. 02, nol Ni ), wa d 00 f 0, W .
rhatal Vs Sien talgiiR o 300 fof o Wy TG miril i thién Yulphided
i i Wefl onT"" 1 vessel of
@ggggggggﬁ@%l@%elgﬁé}%rﬁga e%lﬁv%'t h m crowave radiation
at 10C/ mn to 125C and hel d under autogenic pressure
at that tenperature for 6 hours with continuous

Extamplie (NThe Wah®T7$— Nia §.025dR2@08@) r oom t enper at ur e
and the solid filtered and dried overnight at 120C.

The obtained material was pelleted, the pel lets were
(GO mg 287 o ingstia o R Ueid Bl Bow S tkiedin one
IR G WAt Yaetiniith 23 R B GRS Byl Rusdrlle | n0° b ese

* | ' .
PO PN R TR Rl g Bramy ST aibbiheit0l005
moles Nb)e The aspension bfidee 3 s6lidy was hesteé to 900 anil held @that

radiation at a reaction tenperature of 150 C and

temaperatune for apenidd af 2dth@irs fovernightBwith continiovnstining: At the
b b el G ot n Rl ond R
1302367 L Bt eioish e S50l id 9 08T, af nstipts ere
cﬁgshéﬁ Gl 40-60 nieif GandiHe E'%'cﬂoﬂ BRTis ﬁ{eﬁ‘-]lﬁf‘éievingf §%e thiterial

at t cont | nuous

at tenperature for ours w

wilsithén balcinbdeat SO0 Cefor iekor0The thdteridloas theanelptidédand
and the solid filtered and dried overnight at 120C.

tester wdingitheDiesel tast procedurgBBl et ed, the pellets were
crushed and 40-60

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

[0093] 47.4 g of tungstic acid H; WO, (0.19 mole W) was slurried in one liter
of water together with 23.5 g of nickel 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 XTI (Ni1 W0.925 Nb 0.075 R3 90°C



mesh fraction was isolated by sieving. The material was
then calcined at 300 C for 1 hour. The material was

t hen sul phided and tested using the Diesel test

procedure D3. Exanple I X (Ni437-W R3 HT 175C) [0091]
W20 st was prepared under autogenic pres®GAAIS2006/041529
an autoclave reactor heated with m crowave radi ation

at a reaction tenperature of 175 C and reaction tine

Rlosafos g8t nediRi iR gk (G187 3Bk Y Bl S4B ore
fler DEAE EERRic] ith 255 BoEnilkel EREoxFLEBERRLOD 10° hd
NSHCO 30 (02T, M FL, 001 oleof Niphad 214 frasds éfadpbicaicid €0.015

for 6 hours wth continuous stirring. The sanple was
moldsadb). Thesuspersipe ofither 2 selids wae heated do 9070 and bdldatdthat
dri ed overnight  at éfoc. The obtaj ned materi al

isEmestar: fanrperiad p£28 harsdoy e gk VaRtCORSITIOUS SEFIng. At the
ST BE0ENE: Bierusneaten s dateredThe Fespligs0idawes dried at
ofH 1 i
EAEL g 1 R 0 3 58, s wer
%ﬁs S RPL6-68 MBER and Welfractiom Mas Bdlded BZ st g [BOhhterial
8. FHOWO4 (0. 195 mol 2 W Was

g of tungstic acid
whalthenanldined ae300 PC dor bhovntFie inageiah evasthémsilphided anid
ni ckel hydroxycarbonate 2N CO8*3Ni (OH)2*4 H20 (0.2
tested using\ihe Iieseloest proeedireDXi obi ¢ acid (0.005 nol es
Nb). The suspension of the 3 solids was heated to 90C
and held at that tenperature for a period of 20 hours
‘”..“ !.\ JaJar e IRIARAY At the end of

A e, e—SHSPensSton Heas™ ed. The resulting
solid was dried at 120C for 16 hours (overnight). The
resulting solid was pelleted, the pellets were crushed

P oot ottt M i
reactor haited withemieriowaxs radiation at phreatdibnaterhperature of 150 °C and
reaction time of about 6 hours, 2.35 g of Ni carbonate (0.02 moles Ni) was added
to 100cc of water along with 4.87 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 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 calcined at 300 °C
for 1 hour. The material was then sulphided and tested using the Diesel test

procedure D3.

Example XTV (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



tested using the Diesel test procedure D3. Exanple Xl
(Nil - W.95 - Nb 0.05 R3 90C) [0093] 47.4 g of
tungstic acid H2W4 (0. 19 m)l_ %V\) was slurried in one

wat er together with™23.5 g of nickel
%6%&r7xycar bonate 2N COB*3Ni (OH) 254 H20 (0.2 bl & of rot4s

Ni) and 1.6 grans of niobic acid (0.01 noles Nb). The
suspensi on of the 3 solids was heated to 90C and hel d
aeactioattihe mfabettié hofus: 235 gef Nodarkfonat: (0002 moles Ni) was added
&overnl ght) with continuous stirring. At the end of

0180eg aﬁwatqrméo@m@r&% Bragps; of tlmtgéf:l@ @cidr(fe0 }9emlq Wiand

Hola rafico Sejobie ad (G001 afdles Nblothe svisiedSion: dat birdpiite
$lof fchan e ISR i 150
?ﬂghgd&,{e E@{eﬁ!is[% procleJre %%bgﬁfhﬁ%*ﬁ? %ES%’P]C

Mais@ogled 1830dR{Aempetaturagd the/ @ﬁ%ﬁﬁe@@"ﬂnﬂﬁ&i&ﬁé%@&@ at
[0094] 46.2 g of tungstic acid H2ZW4 (0.185 nole W wa

4208C. Bt obtaimed mhbferiet was pﬁﬂtted thegedlets weret d:ruﬁlmcﬁa.rg:l 4)@ 60
ni ckel hydroxycarbonat e, Ni *3Ni (OH) 2*4 H20 o
msish feactinn)waghigolated Yé’@é’lllﬁ dnateriak pas (daﬁroqaécmﬁé |aé§00 C

Kot o 3¢ TBREREP Raf et SuphiaRg nnd B84 UGRlthe i st
E)ﬁaﬁ%a{ﬂe%g) wi th continuous stirring. At the end of

t he suspension was filtered. The resulting
solid was dried at 120C for 16 hours (overnight). The
resulting solid was pelleted, the pellets were crushed

Bramale XV (dHlh Wi825 haNb 10205 BB HER 4 S0%0) at ed by

sieving. The material was then calcined at 300 C for 1
hour. The material was then sul phl ded and tested u3| ng

IR N R R TR X
FUALRY Biahfe dRURR THTcFow AvéthafitoRh 3R action temperature of 150 °C and
reaction time of about 6 hours. 2.35 g of Ni carbonate (0.02 moles Ni) was added
to 100cc of water along with 4.62 grams of tungstic 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 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 XTI (Nil - W1 R3 90°C 7 days)

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



reactor heated with mcrowave radiation at a reaction
tenperature of 150 C and reaction tinme of about 6
hours. 2.35 g of NI carbonate (0.02 noles Ni) was added

to 100cc of water along with3%-87 grans of tungstic
WEL08793963195 nole W and 0.080 grans of ni obllgCHU§73°6’°41529

(0.0005 nol es Nb). The suspension was put into a
seal ed Wfl onTM vessel of 275cc total volune and heated

R 2ol QONEF e 80tof of tné A S0GFHRE RA Ao o0 B
14 OGPy B i RIS it SRR Sfin g AL he

ériﬂeomlid fine, YRS SispERkibe SvasTiltedéld. 6lhe ﬂi&BﬁlmnngMidl was dfed at

i solated by sieving. The material was then calcined at

BOCdor fl 6rhouirs Gavernipht). The eesultingvsclid vas pelietsd, thedpedtetis were
tested usin the Di esel test procedure D3, Exanple XV
qrshed andy@50npesh aud the frctionowgs isoled bysicviag. aterial

v e, Cald ﬁ?@é{‘&ﬁé 1@ o2 F B FHeRRETAL s fhon FuREIdRdand
R BeBohF s aesd o BB B of mbout Ogsﬁour 5. 2.3

g of Ni carbonate (0.02 noles Ni) was added to 100cc
of water along with 4.74 grains of tungstic acid (0.019

MIXEHANI0]. 36 Wiias HY 150°¢)i ¢ acid (0.001 nol es

ND) . The suspension was put into a sealed WeflonT
vessel of 27500 total volunme and heated at 10C/ mn to

t that t t f 6 h th

585, e v o s o oo

d.t I d and d
ré?%aé%%% B BitdY8 et o= RSt oSt “%Vq?%f“i SHRE and
rPRH R SR abeuts %S%#E*%?Sﬁlgmm aid (1203 HILERD g added
tSQoo& of watek dions withv 999irahi af tupstit facﬁggosm ﬂiuléexﬂ) af[fﬁe
tested using the Diesel test rocedure npl e XV
spspransith $asputinte a(SEEleRSWbﬂonggassel 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 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



[0097] The catal yst was prepared under autogenic

pressure in an autoclave reactor heated with m crowave
radi ation at a reaction terrp:eé)ature of 150 C and

reaction tinme of about 6 hourdd- 2.35 g of N carbonat
%?Wi’oﬁ%f’%s Ni) was added to 100cc of water aPGF@ISWEﬂ“SE
4.62 grans of tungstic acid (0.0185 nole W and O0.24
grans of niobic acid (0.0015 noles Nb). The suspension

{85t 53] KGO HaBaR 13k Bidpin v
WeIRRed Y630 Riindtel Wik thetémperatiréweassmaintained at 90 The

sanple ( was cooled to roomtenperature and the solid

thiterial easdiltered hetland dried ghairat 120%0overhightoThaiobtained
material was pelleted, the pellets were crushed and
matesia! waa pelleteds theopellats wesnerashed ayd 4060 mesh fiaetion was

SR 0 15 S S e 0 e
3bia) Waf UG8 oo P Bhinihs i 551 arbbegfu )

slurried in one liter of water together with 23.5 g of
ni ckel hydroxycarbonate 2N CO3*3Ni (OH) 2*4 -39- WO

00105003 ENRILY - Y62 QOB 150°) H20 (0.2 mole of Ni).

e suspension of the 2 solids was heated to 90C and
held at that tenperature for a period of 7 days with
continuous_stirring. At the _end of this tine, the -

[001QHnsi onlheeatalyst waeprepered wRdar alOgENAG PresSURES N Aoclave
rfatoreated St pigtoane Sedilioh 8% kead B semirapfel P and

. r ,. . I . ) . .
s tEenEc:og(I%3 ylﬁghd ai' Tﬁgg@hﬁ%%@bﬁ/‘émh@%ten a vvlé%
(Oltse rﬁélemigsdﬁq 0006 of Wetéredad/added 9.86 g\%ﬁﬁﬂi‘nohﬁ&h
procedur e . Example XviI (N 1.5 - | R3 HT 150C)
méenaksthte( (64 atgle tWivasd pa.cpal ef atmneniuavhpdenxide solution
(Bressure in_an autoclave reactor heated with m Gfowave

n

H8imoledNHaOIh. rectuspensioneas pul ino @ s vessel of
275cc total volume and heated at 10°C/min 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 (NH,)gH, W04 (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 ZNiCO3*3Ni(OH),*4 H,O (0.2 mole Ni) were
suspended in 200 ml of water, and this suspension was heated to 90°C

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



reaction tinme of about 6 hours. 3.53 g of Ni carbonate
(0.03 noles Ni) was added to 100cc of water along with
4.99 grans of tungstic.acid (ﬁboz nole W. The

n was put into a sealfed WeflonTm vessel of
@3@%?@% volume and heated at 10C/mn to 1365%%‘5’6’041529
held at that tenperature for 6 hours with continuous
stirring. The sanple was cooled to roomtenperature and

theresalting suspehsion vasngaisdtdined avo090 filta iriod28X 6 Ro@s with

obt ai ned rraterlal was pelleted, the pellets were
contitiechisestiiriag: The nesultiig salid was deiediat d26%@forol6 hours

SI evin The materi aL was then cal cined at 300 C for
NAmIghk): The reFulang e diwrspelleterhitbe pelfets were 68isbgd and 40-60

BT R o b B3 AR 4t
B PP MY, 50, 1 20

solution, 0.4 noles of amoni um hydroxide (ca. 30 m)
was added, resulting in a pHincrease to about 9.8.

]Ehhm@]}@(] (@i Iway INR2EEH 150°G0C (solution A). A second
solution was prepared by dissolving 52.4 g N nitrate
hexahydr at e (O 18 nmole Ni) in 50 m of water. The
fﬁ)lsl% ion wa tai ned at 9%0 (solution, By. Sol ution

3 pcotal bﬁo’e@aarpp,qrﬁ SPGB ABOEEDIS PrésRIERIN an Butoclave
dr opwi | ution A at rate o The °
el e i ticsate Aidic s Bactof b nge 6 150 °C and

SR A e ——
VES(UcH¥ watth aldpt with g0 gg amrﬂbmwnﬂﬁdﬁgstﬂe (0103 mole W).

pel l ets were crushed and 60 nmegh fraction was
Thekaspenision waspuhigto dlsealed (Weflah Wasssthef 2 75icdbtad ohime and

300 C for 1 hour. The. material was then sul phided and
heated withsmierowvave madigtion ab §0°Gimia dad 58°and heldwnder apfogenic

{FESHF ol A JEPPETRTEAAT € HOPES BRI oS itcink Dhe sample

gﬁ%@@ig Eﬁ 26 01?1 t%@%tdﬂé{]er O;HW%% softd! ffitdr aftl afiell DYEHAISHt 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.



reaction tinme of 30 mnutes. To a solution of 10.48 ¢

Ni nitrate hexahydrate (0.036 nole Ni) in 100cc of

wat er was added 9.86 g of amrﬁll um metatungstate (0.04
%2@5)&0(13@ ca. 6 M of amo m hydr oxi de sol g2 06,341529

NHACH) . The suspension was put into a sea

ed at
lid was
mesh
has - t hen
cedur e
he

[erl dal
test pro
[00103]

Wefl onTM vessel of 275cc total volume and heated at
10C/ nmin to 150C and held at that tenperature for 30

m nutes with continuous stirring. The sanple was cool ed
to room tenperature and the solid filtered, washed and
dried overni ght at 120C. THEabledk ai ned materi al was

pel | et ed, the_‘ﬁeu_et_s_ue:_e_u_ushed—a.nd_m-_ﬁo_mesh
fraction V\Elsﬁ SOH: EEEPPTHEK ng. The |material was
then cal ci ne¢—at-—306-Cter—t—heur—the mm‘m' was

t hen sul phi c&(vétné’jt est ed usi ng the Di gsel pest
procedure Dj Exa e (N W96 Tm)lOZ]
49.2 g of arr%ﬂ?mﬁwet atungst ate (NH4) SHZW3010 0[(0.2
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solution with a p!4 of about 5.2 at room tenpenature.
The sol ution o heated t0 90k ¢ soljution
A. 23.5¢g g}‘ﬂgl ckei Eﬁggﬂ'/@yycar bonat e 298

2Ni CO3* 3N ( chéd® (Girdmatice NPN e 13uppended in
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5 vol.%

218°C

10 vol.%

231°C

30 vol.%

265°C

50 vol.%

287°C

70 vol.%

310°C

90 vol.%

345°C

Final boiling point

374°C

n an
on at a

[00105]
Table 2.

The catalysts were tested under the two conditions shown in



reaction tinme of about 6 hours. 3.52 g of Ni carbonate
(0.03 noles Ni) was added to 150cc of water along with
7.40 g of ammoni um netatungstate (0.03 nmole W. The
i@ﬁ@g;&g@g was put into a sedt¥ed Weflon vessel of 275

me and heated with microwave radiat IPSHWOOG’O“SE
10 mn to 150C and hel d under autogenic pressure at
that tenperature for 6 hours with continuous stirring.
The sanple was cooled to roomtenperature and the
solid filtered and dried overnight at 120C. The
obt ai ned material was pell efglsle 2t he pellets were
crushed and 40-60 pesh fracfion was isaolated by
sievj ng. The material wasPreselfiding ¢ Conditien 30@Cdndition 21
hour,_The paterial was then sulphided and tegqted using
t he ﬂ‘@@pﬂﬁ@@t("Cbrocedure 320 Di esel 338t Prloceddfe DI
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Tabl € I which had been spiked wth dimethyl disulfide
to a total sulfur content of 3.7 w.% The presul fided
catal ysts were then tested in the hydrotreating of a
di esel feedstock having the properties shown in Table
DieselPest Wooaaluzeé OR635 PCT/ US2006/ 041529 Table 1 GAS
OL FEEDSTOCK S (WMt.% 1.2 N (ppmat) 84 total
aromatics (Wm.% 27.8 polynuclear aromatic (PNA) 11.7

[%)MO% The catalysts were tested as described in D1, except for another

space velocity in the 1* condition, as illustrated in Table 3.

Table3
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
liguid 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.%.



nono-aromatics (w.% 16.5 di-aromatics (wt.% 10.8
tri+-aromatics (m.% 0.8 Sinulated distillation

ASTMD 86 Initial boiling point 184C 5 vol.%218C 10

vol . % 231C 30 vol . % 265C 50%ol . % 287C 70 vol . % 310C
V2003050638 45C  Fi nal boi | i ng point 374C [OOlOSfCTW§2°°6’°41529
catal ysts were tested under the two conditions shown in
Table 2. -43- WD 2007/ 050635 PCTI US2006/ 041529 Table 2

THE P Ge ERaRsls RRrc R i B hylRoRele'ofy iidal
deHétbbkh@Om@Qﬂe%@ ertie®yhévih i Tabley:2. 00 1. 50 D esel

Test Procedure 00106] The catal ysts were tested as
described in D1, except for another space velocity in
t he 1st condition, as illustrated in Table 3. Table 3

Presul fiding Condition 1 Cofableidon 2

GAS OIL FEEDSTOCK

S (wt.%) 1.1969
N (ppmwt) 102
total aromatics (wt.%) 28.3
mono-aromatics (wt.%) 16.5
di-aromatics (wt.%) 11.0
tri+-aromatics (wt.%) 0.8

Simulated distillation ASTM-D 86

Initial boiling point 178.4°C
5 vol.% 211°C
10 vol.% 224°C
30 vol.% 261°C
50 vol.% 283°C
70 vol.% 309°C
90 vol.% 348°C
Final boiling point 372°C
[00108] The catalysts were tested under the two conditions shown in

Table 5:



Tenperature (C) 320 330 340 Pressure (bar) 40 40 20 H2
to oil ratio (NI/1) 300 300 300 LHSV (1/h) 3.00 1.50
1.50 Diesel test procedure D3 [00107] The catal yst was
| oaded into the reactor in a-f@nner anal ogous to t

WQ 200859438ed in D1. Before being tested the catPQT{}'Yg}@OG’O“S”
were presul phided via |iquid phase presul phiding using
LG&O feed descri bed below in Table 4 which had been
spiked with dinmethyl disulfide to a total sulfur
content of 3.7 w.% -44- WO 2007/ 050635

PCT/ US2006/ 041529 The presqigppd §ed catal ysts were then
tested in the hydrotreating of a diesel feedstock

havi ng the properties shown in Table 4: Table 4 GAS

O L FEEDSTOCKS—(Wt 9171969 =i troromut - 103 *u*ﬁrl——L :
aromatics (w.% 28.3 m,ﬁ@%ﬁlﬁf] c‘§°?4&19%11 1@% ition 2
di-anomatics (w.% 11,0 tri+-aromatics (w.%9 0.8

Si nul Seanpedatare (IC3t i on ASBROD 86 | ri3d0al boi |3 poi nt
178.4C 5 vol.% 211C 10|vol.% 224C 30 vol.% 261C 50

-~

vol . 7p283lre (bar) 45 45 20
[ to oil ratio (NVI) 200 300 300
LHSV (1/h) 3.00 3.00 1.50

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

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



70 vol . % 309C 90 vol.% 348C Final boiling point 372C

[ 001081 The catal ysts were tested under the two

conditions shown in Table 5: -45- WD 2007/ 050635

PCTI US2006/ 041529 Table 5 Presul fiding Condition
w&andiosicas 2 Tenperature (C) 320 320 340 Pr e?§[§ﬂl§2“06’“41529

(bar) 45 45 20 H2 to oil ra#io (N 11) 200 300 300 LHSV

(1/h) 3.00 3.00 1.50 [00109] The full w dth at half

maxi mum (FWHM was neasured for all exanples and was

found to be below 2.5 in all exanples. WO 2007/ 050635
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hydrothermal synthesis conditions allow the preparation of catalysts with acceptable
activity with Group VIII to Group VIB metal mole ratios as low as 0.5. The results
obtained under conditions D3 show that hydrothermal conditions allow the preparation
of very active nickel tungsten catalysts from a synthesis mixture containing nickel and
tungsten at a molar ratio of about 1. The catalysts obtained under hydrothermal
synthesis conditions are more active than catalysts obtained under atmospheric

conditions from synthesis mixtures having the same nickel/tungsten molar ratio.
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0 -47- WD 2007/ 050635 PCTI US2006/ 041529 [00110] The

results obtained under test conditions D1 show that

hydrot hermal synthesis conditions allow the

preparation of a catalyst with better activity than

at nospheric synthesis condiigg ons. These results also

show t hat hydrot hermal synthesis conditions allow the

preparati on of active catalysts having a Goup VIII to

GrouE VB netal nole ratio of I or less. The results
C ned under test conditions D2 show t hat

hydr ot hermal synthesis conditions allow the preparation

of catalysts with acceptable activity with Goup VIII
1.t 0 @ propesyEds hydioprocessing o lnidraxarbaa féed)the prétess contpeising

result obt ai ned under _conditi ons D3 show t hat
com?mtﬁ%feﬁgw@gwg{%%ﬁsﬂlsm%ww REa pAtalsugallyielisctivsrampupt of a
B BRI i o X G Rl oBessed
prodakct, thedfulkainetat catalysficemprsing ystab oxidic piarteetes ¢nnkeining niobium as

drof hermal. s hesj g conditions are nor ctive_ tha

o @hih SyBeel Bul g0 o B maleioih Y ope Geophl I Gl 18 polk
m&YThRR3L Seif MbaE e having the same nickel /tungsten

nmolar ratio. -48-" CLAIMS 1. A process for

hy di( p rc eersbimingan ayeactiommixturefope dr motecfinst coogrynds comprising

conpri sin cont act t feed with hydrogen jn the .

o1 ebence ot GO R V1P meff phepF mitSeoiRsfbies ShpFsing

met al  cabalyht GOEEVIE fethl, Yohil Gn& S 6re Shifconftthd sprishg

forma hydroprocessed product, the bul k netal catalyst

conpr i si Ripbitm a3 a Gxdvei & meted in the prssenen pha piotig ligridhwhersiaghe

a Group ﬁrorqﬁ);?m rsn%&k to Gidtip k@'rﬁ Wetaf l'm%lé}er‘éﬁ"i‘é Is b%ﬁvdeeg %Lé’utgge

G oup VI catal'yst being na
by: (i) efdibidut NG, dnd wheréla el GraupVhetalconttat iBrat [East@bout 0.1
first conpounds conpri sing onloy. one Goup VIII netal,

one or nBkY%sEddas uhifsmelofpandsi ng
(ii)  reacting the compounds under hydrothermal conditions to form metal

oxidic particles,
wherein a corresponding atmospheric product is obtained under identical process
conditions using a corresponding atmospheric bulk metal catalyst having identical
ingredients and an identical method of manufacture as the bulk metal catalyst except that
the compounds were reacted at atmospheric conditions instead of hydrothermal
conditions, and wherein the hydroprocessed product has (a) a lower sulfur content than
the corresponding atmospheric product, due to the bulk metal catalyst having an
increased hydrodesulfurization activity compared to the corresponding atmospheric bulk
metal catalyst, (b) a lower nitrogen content than the corresponding atmospheric product,
due to the bulk metal catalyst having an increased hydrodenitrogenation activity

compared to the corresponding atmospheric bulk metal catalyst, or (c) both (a) and (b).

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.



only one G oup VIB netal, and one or nore third
conpounds conprising niobiumas a Goup V netal in the
presence of a protic liquid, wherein the Goup VIII
netal to Goup VIB netal nolar ratio is between about
0.1 and about 1.5, and wherein the G oup V netal
content is at |east about O4¢l. nol % and | ess than
about 10 nol % and (ii) reacting the conpounds under
hydr ot hermal conditions to formnetal oxidic
particles, wherein a corres ng at nospheric product

ondi
3.1s. e arasess alstem 1 wherpindhe hysiretbersul conghtiins inshude eping the
C in rj ul k metal catal yst having
reﬁcgé{ﬁfn ?%}g{éq"fgaﬁédgggﬁi@ Jgrgsgpan i dentical method of
manufacture as the bul k nmetal catal yst except that the
conpounds were_ reacted at atnpspheric conditijons

4. i nstlhaarosessiof glaimH ewheein thepratie ligwid is wetar anddhereactiqnds done
r t | f i,
R IR M 1ol e Wi ol fogRC e
autvigbic présure inad sthigd vedsalvi ng an i ncreased
hydr odesul furi zation activity conpared to the
correspondi ng atnospheric bulk netal catalyst, (b) a
|l o i t |
5 ot mare Reb AU afAT, @Rt IREGHAR AR FSABTAPAIVIE metal mole
rativais ibetgveam about 02amd dbbutdrlodeni t r ogenati on activity
conpared to the correspondi ng at nospheric bul k net al
catalyst, or (c) both (a) and (b). 2. The process of
6.Cl ami isroc\éﬁ%f @hof 8DV, Wk HERhe 6PMB} firefReta {8 nds
heating the reaction mxture at a tenperature above
and te ant 9o shesecondowetial sognpouidstremaintah keagtrpatt]yoin|thepolid state
d -49- 3. .The Jrocess of claiml1, wherein the
uFpg s At RIS ndi t i ons i ncl ude heating the reaction
m xture in a sealed reaction vessel. 4. The process of
claim1l1l, wherein the protic liquid is water and the

7. r eadthie process ddghwm luwhereinttheimotahexidigipagishegiare dyied and/opheat
reactipon tenperatur about 100C and under

treﬁﬁé?%g%f?f"é’%"?‘g é@?‘é’ al%ﬂagjol\ég%l ed vessel. 5. The process
of claiml1, wherein the Goup VIIl nmetal to Goup VIB

netal nole ratio is between about 0.2 and about 1.0.
The process of claim 1, wherein the metal oxidic particles comprise nickel as the

only one Group VIII metal and tungsten as the only one Group VIB metal.

9. The process of claim 1, further comprising the step of treating the bulk metal

catalyst with a sulfur-containing compound.

10.  The process of claim 1, further comprising the step of combining the metal oxidic
particles with one or several binding materials so that the bulk metal catalyst comprises at

least about 60 wt % metal oxidic particles.

11. 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 to form a hydroprocessed

product, the bulk metal catalyst comprising metal oxidic particles containing at least



6. The process of any of claim1, wherein the one or
nore first nmetal conpounds and the one or nore second
net al compounds renmain at |east partly in the solid
state during the entire reaction. 7. The process of
claim1, wherein the netal oxidic particles are dried
and/ or heat treated at a tsnperature bel ow about 375C
8. The process of claim1, wherein the netal oxidic
particles conprise nickel as the only one Goup VIII

| h | G VI B | .
abem ﬂpg]cg%g Eq%sfhemgﬁgﬁf%tloe Pedia @gwﬁ W égﬁb w}yﬁé&f’é@ asf
Gré\fﬁe?tﬂ R@tal, ARd BHY gmméf & GmgﬁWIYé&%Vﬂnﬁhh@mole ratjo Q nickel to

ur - cont al n| conpoun € process o alm 1,

tun‘gsnen ischretwecenmbowi Ondjartdebost kf wieran abomcspgndﬂmammlaﬂeric
i ith one or  several blndln%dnaterla

di ticl
et i Sbtafiad vyl ientital roob sppd Bonsatriie Ahomesoadiig aiospheric
buFl:k}ﬁ’éiﬁl a1yt haﬁﬂ?ﬂ@ﬁtlc‘ﬁﬁhgfeﬁleﬂl@ lahd & ﬁi%ntlé]ai- methoR 0P AfASfaltife

hydr opr ocessi ng a hydrocarbon feed, the process
as therpu ki metakcatatysh exaept that thteonipaddsvers r¢pgtbd @y atmaspherige

oo e of Byt R St SRR epetiee P ot

ha:f @) MNdwer ¥elfdRoARAEEATIthe @mehpsﬁdmg fithobpHekic pRidatt, &ad @lvst
conprising netal oxidic %artl cl es containing at | east

bulkgnetal gatalist avingasl inoreased hydrodesuumizatipn activity comipars @er tha

S 1 B B B e
coﬁts@lﬁﬁhng Stmobphegis pestlucts dielowkebuli hﬁtﬂl cﬂal&st&ﬁdm@hﬁ%ﬁcréas&l

wherein a correspondi ng atnospheric _ product Is
hy@@dwlwnermeqctlv%eﬂmw torthrceosisspandingtataespherdg btk metal

°mﬁﬁéﬁﬁﬁ@§ﬂghﬂ§ spherlc bul k metal catalyst having

nts and an identical nethod of
manuf acture as the bul k netal catal yst except that the
ted at atnDspherlc condi tions

unds wer.e rea
12 ng%gaaroefssw;ahaav Pﬂﬁr\hlwle Sieanele &g o £ Bickel ipdvngsin g hetween
ab(glﬁ _ %&ﬁsle@ product has (a) a |l ower sulfur content
t han t e correspondi ng at nospheric product, due to the

bul k metal catalyst having an |ncreased

hyd desul furi zatio ct|V|t ared tq the
3cor &E%B’é’ﬁ%ﬁsﬁé ét%s £ comp llE‘g g 2Bodpstsontainie 5

hy&l%%ﬁoﬂ‘éﬂdré?%ﬁ SRk Sl Fur bh@RitbBén, and then separating the hydrocarbon
product.

14.  The process of claim 13, 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.

15.  The process of claim 14, wherein the catalytic conversion conditions comprise at

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

16.  The process of any of claim 13, wherein the separated hydrocarbon product is



correspondi ng at nospheric product, due to the bulk
nmetal catal yst having an increased

hydr odeni t rogenati on activity conpared to the
correspondi ng atnospheric bulk netal catalyst, or (c)
both (a) and (b). 12. The process of claim11l, wherein
the nole ratio of nickel tostungsten is between about
0.2 and about 1.0. 13. The process of claim1, further
conprising formng a product containing hydrocarbon
and at | east one of sulfur and nitrogen, and_ then

usegtarat enrhlengded remakent deast ensiof (i p depheil. ()2 diesploilpfitess of
gbon feed contains

lubg-lrcgeéﬂ;g (?:lgl’of mf{) Eiétnlgl Flu(rzgé%ﬁ) organi cal | y- bound
ni trogen, and mhereln the catal ytic conversion
conditions are hydrotreating conditions effective for
converting at |east a portion of organically-bound
sul fur and organi cally-bound nitrogen in the feed to
hydrogen sul fide and anmmoni a respectively. 15. The
process of claim 14, wherein the catal ytic conversion
conditions conprise at |east one of (i) hydrocracking
and (ii) hydrogenating the hydrocarbon feed. 16. The
process of any of claim 13, wherein the separated
hydr ocar bon product is -51- used neat or blended to
nmake at |east one of (i) a fuel oil, (ii) a diesel oil
(iii) a lubricating oil, or (iv) a lubricating oi
basest ock.



