HYDROPROCESSI NG USI NG BULK BI METALLI C CATALYSTS FI ELD

OF THE I NVENTI ON [ 0001] The invention relates to a
wonroeases3Bor upgradi ng hydrocar bonaceous feedsPCEaIsB006/941527

hydr oprocessi ng using bulk binmetallic catalysts. Mre

particularly, the invention-delates to a catalytic

hydrotreating process for the renoval of sulfur and

nitrogen froma hydrocarbon feed such as a feed to a

fuegy ROVESSIRPOSINGRIUIR FIMETALOIIC QATPESYSTS
The alr'yst containing a oup
VIII nmetal and a G oup V1B nmet al . BACKGROUND OF THE

I NVENTI ON [ 0002] | ncreasing regul atory and operationa
FﬁEbEgQFélﬂéiHﬁééﬂEﬂéﬂ in the need for hydrocarbons
that have | ow sul fur levels and nitrogen |evels.
Fydroprocessing whi ch invol ves treating a hydrocarbon

[Mbd 3 RO gﬁfén'npﬂtr%?l 36 scl 'éeé%ffo?u%%faﬂhﬂgshydﬂo%al%ongceous

conventi on roatom fur an

féédsfr@%@)byf lfy‘dwﬁtlocesisﬂ@ﬁém lebirmeatlic tatalystr ddessi ng
(i.e., known to those skilled in the art of

p?}gtwudmhy ,dbe 1mpﬁytmd|rﬂbyesdatea¢qgw§jc dodeotsgatingqaeessios the
V| B

rempAhLeTbh 2t aperaen Tyut by Qe e Fyeh 8F pracd B g fuel

ggqfegé §§Lﬁf§%c¥ BodaGMb?f%S nk o1 @%@éé&ﬁﬁ@;@ {#51@5@%'ao&1k%%talyst

%P Sfp VHI %ét&l"hrﬁﬁa arafp VaBPmerRt ed with a
“het a uch cobalt, nickel, iron, or a conbination

t her eof . Cobal t prormt ed nol ybdenum on al um na
catal ysts arem)st W|del u ed when the limting

prormt ed rml ybdenum on al um na cat al ysts are the nost
wi dely used for

[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.., known to those skilled in the art
of hydrocarbon upgrading) catalysts generally contain a Group VIB metal with
one or more Groﬁp 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

hydrodenitrogenation, partial aromatic saturation, as well as hydrodesulfurization.
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[0005] For example, WO 00/41810 discloses bulk bi- and tri-metallic

hydroprocessing catalysts. Where the trimetallic bulk catalysts have a
significantly higher catalytic activity than a bimetallic bulk catalyst prepared in a
similar way in a comparison where the feed contained sulfur but no nitrogen.
WO 99/03578 is similar in that a bulk trimetallic catalyst exhibits greater
hydroprocessing effectiveness over a bulk bimetallic catalyst. Another example
of a bulk trimetallic catalyst out-performing a similarly prepared bimetallic

catalyst is disclosed in WO 00/41811.

[0006] Recently, bimetallic bulk catalysts of reduced crystallinity have been
described in WO 2004/073859. The catalysts, bulk metal oxide catalysts
comprising one or more metals of group VIII and one or more metals of group
VIb in their oxide or sulphide form and a refractory oxide, are prepared by

controlled precipitation of metal compounds, refractory oxide material and alkali
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[OIOE)S] The invention relates to hydroprocessing a hydrocarbon feed by a
process comprising contacting the feed with hydrogen in the presence of a
catalytically effecﬁve amount of a bulk catalyst under catalytic conversion
conditions, the bulk catalyst comprising a Group VIII.metal and a Group VIB
metal, wherein the catalyst is not an amorphous catalyst and provided that when
the Group VIB metal is tungsten the feed contains both sulfur and nitrogen. The
term "not amorphous” means that at least one crystalline phase is present, even if

one or more disordered phases is also present in the catalyst.

[0009] In another embodiment, the invention relates to hydroprocessing a
hydrocarbon feed by a process comprising contacting the feed with hydrogen in
the presence of a catalytically effective amount of a bulk catalyst under catalytic
conversion conditions, the bulk catalyst comprising nickel and tungsten, wherein
the feed contains both sulfur and nitrogen. In a preferred embodiment, the

hydroprocessing includes ultra-deep hydrodesulfurization of the feed, more
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conversion conditions, the bulk catalyst comprising a Group VIII metal and a

Group VIB metal, wherein the catalyst is not an amorphous catalyst and

provided that when the Group VIB metal is tungsten, the catalyst is synthesized

from first and the second solid metal compounds which both remain at least

partly in the solid state during catalyst synthesis.

[0012] In another embodiment, the invention relates to hydroprocessing a
hydrocarbon feed by a process comprising contacting the feed with hydrogen in
the presence of a catalytically effective amount of a bulk catalyst under catalytic
conversion conditions, the bulk catalyst comprising a Group VIII metal and a
Group VIB metal, wherein the catalyst is not an amorphous catalyst and

provided that when the Group VIB metal is tungsten, the catalyst is a nickel
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partly in the solid state during catal yst synthesis.
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below about 3 ppmwt, preferably higher hydroprocessing pressures are used of
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[0014]t In another embodiment, the catalyst comprises at least 60 wt.% bulk

catalyst particles.

[0015]  The catalyst can optionally contain less than 10 mole % of a second
Group VIB metal (relative to the total amount of Group VIB metals), and can
optionally further contain less than 10 mole % (relative to the total of the Group
VIB metals) of a Group V metal.

[0016] In an embodiment, the process further comprises forming a vapor

product containing at least one of sulfur and nitrogen. In a related embodiment,
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DETAILED DESCRIPTION OF THE INSTANT INVENTION

[0019] The invention will be described as follows: a first section will
descfibe catalytic hydroprocessing, a second section will describe the bulk
bimetallic hydroprocessing catalyst, a third section will describe methods for

making the bulk multimetallic catalyst, and a fourth section will contain

examples.

SECTION I - CATALYTIC HYDROPROCESSING

[0020] The present invention involves hydroprocessing a hydrocarbon feed
by a process comprising contacting the feed with hydrogen in the presence ofa
catalytically effective amount of a bulk catalyst under catalyst conversion
conditions, the bulk catalyst comprising a Group VIII metal and a Group VIB
metal. In an embodiment, the Group VIB metal component is selected from

molybdenum, tungsten, and mixtures thereof; and the Group VIII metal
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[0022] Thehydrocar on feedisa matenal comprising hydrogen and carbon
that is obtained or derived from crude petroleum oil, from tar sands, from coal
liquefaction, shale oil and hydrocarbon synthesis. Hydrocarbon feeds include
feeds boiling from the naphtha boiling range to heavy feedstocks, such as gas
oils and resids, and also those derived from Fischer-Tropsch processes.
Typically, the feed boiling range will be from about 40°C to about 1000°C.
Non-limiting examples of suitable feedstreams include vacuum gas oils;
distillates including naphtha, diesel, kerosene, and jet fuel; heavy gas oils,

raffinates, lube oils, cycle oils, waxy oils, and the like.

[0023] Hydrocarbon feeds generally contain contaminants such as nitrogen
and sulfur, often in organically-bound form. Feed nitrogen content can range
from about 50 wppm to about 5000 wppm nitrogen, based on the weight of the
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
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about 50 wt.%, based on the weight of the feed.

[0025] In an embodiment, the invention relates to contacting the feed with
hydrogen in the presence of the catalyst under catalytic hydroprocessing
conditions. The hydrogen may be in the form of a hydrogen-containing treat
gas. The term "hydroprocessing”" means a catalytic process conducted in the
presence of hydrogen. The term includes processes such as the hydroconversion
of heavy petroleum feedstocks to lower boiling products; the hydrocracking of
distillate boiling range feedstocks; the hydrotreating of various petroleum
feedstocks to remove heteroatoms, such as sulfur, nitrogen, and oxygen; the
hydrogenation of unsaturated hydrocarbon; the hydroisomerization and/or
catalytic dewaxing of waxes, particularly Fischer-Tropsch waxes; demetallation
of heavy hydrocarbons, and ring-opening. Thus, "effective hydroprocessing

conditions" are to be considered those conditions that when selected achieve the
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~ depending on the feed boiling range and speciation. Generally, as the boiling
point of the feed increases, the severity of the conditions will also increase. The

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

FEED TYPICAL TEMP. | PRESS, SPACE H, GAS RATE
BOILING °C BAR VELOCITY SCF/B
RANGE °C V/V/HR

Naphtha 25-210 100- . 10-60 0.5-10 100-2,000
370

Diesel 170-350 200- 15-110 0.5-4 500-6,000
400

Heavy 325-475 260- 15-170 - 0.3-2 1000-6,000

Gas Oil 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 :




will result in renoving at | east a portion of the
heteroatons in the feed and in hydrogenating at | east
wea 2p0r050638 of the aromatics in the feed. Hydr oPCEAIS2006/041527
conditions typically include tenperatures rangi ng from
about 1000C to about 45Q0C, -1preferably about 2000C to
about 3700C, nore preferably about 2300C to about
35Q0C. Typical weight hourly space velocities ("WHSV')
range from about 0.05 to about 20hT"1, preferably from
about 0.5 to about 5lu- 1 . Any effective pressure can
[0027F i | Thegrocud upesclspdivgen by pihydrdgen-corgainingtreatbgust Treat
5 to about 250 bar. Hydrogen (H2) to oil ratio
gpe ven gomprisgrsybstantially avrutydogen apean beonistuxes pf other
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u

abeuti5 Yoy vplumiehydroges.candsmerdprbfengbly alrleast about 90% by
‘hydrogen-contaj ning treat gas. Treat, gas.gan conprjse
vz Screaen, s @ sge degiure oF stkstRntally uregfy drogen.
ot her conponents typically found in refinery hydrogen
streans. It is preferred that the treat gas contain

[0028] e, TRBhSdRIpRbEs8RIgYodtRrs fVAlF2@Ebn Stiglel dEhe rHaBtion stage
treat gas purity shoul'd be at | east about 50% by

canlcomprisgdmegermone refetoaboyreattide aenesatamint of AFhédhycomprises
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reacti on zones each o nprises one or nore

beds alcisde feilizeaf badseelulibeting batlsf lmrpnbedsatnd ysavingbeds.
| east one bed will, contain the bulk binmetallic
Tptgrsirgaseoolme ordiphingthebweeny Frastors, reaetipyy genes, or between
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generated during hydroprocessing can be recovered. Where this heat recovery
option is not available, conventional cooling may be performed through cooling
utilities such as cooling water or air, or through use of a hydrogen quench

stream. In this manner, optimum reaction temperatures can be more easily

maintained.

SECTION II - BULK BIMETALLIC CATALYSTS

[0029] In an embodiment, the invention relates to hydroprocessing a
hydrocarbon feed using a bulk bimetallic catalyst. The trimetallic bulk catalysts
of the prior art have a higher activity in hydrodesulfurization compared to the
bimetallic bulk catalysts of the prior art, but have the disadvantage over

bimetallic catalysts that, because of the presence of two different group VIB



beds include fluidized beds, ebullating beds, slurry

beds, and noving beds. Interstage cooling or heating
woebomao3s eact ors, reacti on zones, or between earaiSy®e/041527

beds in the sane reactor, can be enpl oyed. A portion

of the heat generated duringlhydroprocessing can be

recovered. Wiere this heat recovery option is not

avai | abl e, conventional cooling may be perforned
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npileisenaléicafatdlysts dif ifoemeore sgy.ovprevBrreredycinged theigonstituent

t he production process is more conplicated. A further
metelsiin easiar. s hag sateligbhay a higgh hygrﬁggwlﬁlfézaé ts

SR oS AR 53D BBl bR EIblfdrstbitual
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Separate two different group VIB netals with a high

hydfddbsuBMrivatiorohctbdtyp avhislis clodecto bulekerchetiet fin compatable
present invention can be nade by net fod at | eastI as
teimetdlochtalyss, pasticulady & Bie PISECHRS o Regttrogeh.” In Vew of the

multimetal lic.catal yst i f.
S TR b8 BBl TR B R fmesen
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pﬁ?s;hts ;Jr:v%;cigln rﬂgls% er%llJ ﬂijght ‘erl]c{ﬁvi%yhaenc% gltlgxlzvg %(t) reha% v%r;f/ Tcr)v)(r sulfur
levels in the hydroprocessing of a real nitrogen-containing and sulfur-containing
feeds. Without wishing to be bound by any theory or model, the bulk catalyst of
the invention appears to have a higher relative activity for nitrogen removal
compared to its sulfur removal activity. The ultra-deep removal of nitrogen
prevents the catalyst from poisoning by basic strongly adsorbing nitrogen
compounds and prevents a reduction in desulfurization activity, which results in

low product nitrogen and low product sulfur.

[0030] When the catalyst is a nickel-tungsten catalyst, hydrodesulfurization
or ("HDS") activity is dependent on the hydroprocessing pressure.

Consequently, the catalyst's advantageously high catalytic activity is even more
pronounced at high pressure. Therefore, the catalyst is most advantageously used

in a process for the hydrodesulfurization and hydrodenitrogenation pre-treatment



hydr odesul furization activity, which is close to or

even better than conparable trinetallic catal ysts,
weand7iosed3arly in the presence of feed nitrogenPCrusxioems1527

of the relatively low activities (as nmeasured in the

DBT test) of the nickel tunggten catal yst of

conparative exanple B disclosed in WO 00/41810, it was

surprising to find that a nickel-tungsten bul k

at.al yst de ac [.ng t e t
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wWshdat@hskldiyr 1evels in the hydroprocessing of a
real nitrogen-containing and sul fur-containing feeds.
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prevents a reductio ulfurization activity,

iviechextesuliés, i n | ow product nitrogen and | ow product
sul fur. [0030] Wen the catalyst is a nickel-tungsten

catal yst, hydrodesul furization or ("HDS") activity is
OBEGCquBires § sl ok SRy S iist o B33 Sirgpopynghcomprising o
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St PEBIAPE@UE LympEisThgl GraupPVIB @setal BY suspension in a protic liquid.
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Theeslunry preferatdy fortherdromaprissisiless thend Osnpleatn ooz s¢qend Group
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explained in nore detail in the next section.

Group VIII metal. Most preferably, the slurry comprises only one Group VIII
metal, advantageously nickel, only one Group VIB metal, advantageously
tungsten, and less than 10 mole % of a Group V metal (relative to the Group
VIB metal) in a protic liquid. Then, the catalyst is formed by reacting the first
and second solid metal compounds at elevated temperature whereby the first and

second solid metal compounds remain at least partly in the solid state during the

entire reaction to form the nickel tungsten oxidic bulk catalyst.

[0033] Inthe embodiment where the bulk metal catalyst formed consists
essentially of nickel tungsten metal oxidic particles, the nickel tungsten bulk
catalyst is substantially bimetallic, that is substantially having only tungsten as
the Group VIB metal and most preferably also having only nickel as the Group
VIII metal. Although it is less preferred, the catalyst may contain other metals.
The bulk catalyst may optionally further comprise less than 10 mole % of a
second Group VIB metal (relative to the total amount of Group VIB metals).



[0032] First, a slurry is forned of a first solid

nmet al conpound conprising a first solid netal conpound
woanprosedssng Group VI netal and a second sol i gCmisalo6/041527
compound conprising Goup VIB netal in suspension in a
protic liquid. The slurry prélerably further conprises

| ess than 10 nole % of a second G oup VIB netal

(relative to the total amobunt of Group VIB netal s) and
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Goup VIII netal. Most preferably, the slurry

meﬁﬂm%% tla bylkoséalstorpanivises aHgFoup armr’an%lséa@%l ypreferably

neéhﬁ‘éﬁ# in 38 pgiiE Jgé%w‘?s”gny GGl GRlREE I igtal o the
hfvmfﬁlekaqs)t F‘ﬁo a8 ﬁggﬁb@ér) 011 PHRYIE 9%, domesliently

t he cata reacting the first and

bse;wmi) $ cinidcB mﬂa%,&un]m asl bdﬁvﬁn @Il emdt Erhol e frpandieveremore
whereby the first and second solid netal conpounds

 prefpeably hetwesasd. 1 gadty pola”. AdesGroup Vimetal wiasi ﬂgnd ffpincrease
AR SR RE biasl e er b @wﬁwﬂ%ﬁ&%@ﬁ satglyst may
opﬁbﬁél fﬁhﬂ{e)fsctonﬁ sgfagse%gﬁgl iy eg%ﬁﬁﬁﬂ{étél' E 18 |€%|balt If
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o

mode & (zelativedstthe teih ﬁtheme HévnﬁQISbn ityis mest irefgered that
ﬂ%qt].@l? Eﬁ}/’gitesﬁ%{‘gtl rﬁog;%{r"i%gu y Hbqu,? as (E}?rﬂgg éﬁﬁﬁme?a‘f ‘and only

t ly further conprise |ess than 10
m%ts?éng/acso? secon ‘oup VIB netal (relative to the

total amount of -G oup VIB netals). The bul k catal yst

may optionally further conprise |less than 10 nole % of
[@03@] ouplhe instaait bgllebmme;taﬁlctaatalystsmm a¢nsitive tmhezat émptment
VI B net refe odi nent, the bu
aﬁ%ﬂ%ﬁycﬁwpbﬁ%@g 91\10 it Apspted @F&%ﬂmpera'fure below a-

te%férgﬁl?g \here transition to a fully-crystalhne structure occurs. This applies

to any and all heat treatment steps in the production process of the bulk catalyst

prior to use in hydroprocessing. This applies in particular also to heat treatment
of shaped bulk catalyst particles after compositing and shaping. Preferably, the
bulk catalyst is heat treated below about 450°C, more preferably below about
400°C, even more preferably below about 375°C and most preferably below

about 350°C.

[0035] The Group VIII to Group VIB metal molar ratio of the bulk catalyst,
e.g., the nickel to tungsten molar ratio, can in principle vary between wide
ranges, for example between about 0.1 and about 5. Generally 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 can be more difficult to obtain an active



ni obium in an anpbunt between 0.1 and 10 nole %

(relative to the total of the Goup VIB netals), nore
wonref/@sedsby between 0.1 and 9 nole % conveni eRCTAS2006/041527

between 0.1 and 8 nole % such as between 0.1 and 7

nol e % and even nore preferalpdy between 0.1 and 5 nole

% The Group V netal was found to increase the

activity even when present in relatively | ow anmounts.
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catal yst should be heat treated at a tenperature bel ow
a tenperature where transition to a fully-crystalline
[6036]ct ulit evascstmpissinglyi fovadphateshem thenpetal dneleiratie & between
treatnent steps in the ﬁ(roducti on process of the bul k
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plieeaindeehpdmithernte condaionstat 3 PrédsSusnhighes thaw Bber. ahi the
bel ow about 3500C. [0035] The Goup VIII to Goup VIB
prafered easeawheretthe psetie Hguislisvaigt, diygsetheamgl condidons

PR b PRS0 i Bl aRoLE SR P o
le8lofs] GO b RREr L gl opgnd it
filoh Svater, hydrothermal conditions mean that the synthesis mixture is heated
above the atmospheric boiling point of the protic liquid in a sealed vessel and
under autogenous pressure. Preferably, with hydrothermal conditions, the metal
molaf ratio should be more than about 0.3, preferably more than about 0.4, more
preferably more than about 0.5, even more preferably more than about 0.6 and

most preferably more than about 0.7.

[0037] When the metal molar ratio is above about 1, it is not necessary (but
still possible) to use hydrothermal conditions, so it is possible to make the
catalysts both at hydrothermal and ambient pressure conditions. Provided the
active form of the catalyst is formed under the conditions applied, catalysts
obtained by the hydrothermal or atmospheric route are quite similar. It was also
found that the activity of a bulk catalyst having a metal molar ratio of about 1 or
more, preferably between about 1 and about 3 may be somewhat higher when
the reaction between the first and second metal compounds takes place under

hydrothermal conditions at a pressure higher than about 1 bar. Therefore, in one



range, two different sub-ranges were distinguished. In

the netal nolar ratio range between about 0.2 and
wahonrosds33it can be nore difficult to obtai n aRCT/US2006/041527

activebul k catal yst when the first and second net al

conmpounds are reacted under -asnospheri c pressure

conditions. In this nolar netal ratio, and under

at nospheric pressure conditions, the XRD pattern

ey bR, L B BRSPSt st
RbAMSIIReSpRbessHERIH fieadabiati the fusrmedinetond]ABEE]
It was surprisingly found that when the netal nole

coatpounids tades\pdare iabyuirothePmahcoraditons, in partigadar i process
cat al yst ood an etter in this_ context nean: a pul k
veharel Y R(Kﬁ%]fﬂ% ﬂﬁpﬁﬂS(QYeWi 1§ H\?}telrﬂflﬂf@ﬁé%?t?q}’r ﬁsz‘g%rﬁedﬁldelrj

P ] bt ai )
S fboPint G AR S ahi€ apGRE L AR R oG o
PRYA0R BRhERthanObiut 1| 028, Phe PedlfiBh S4prefbiaBledohdNarl autoclave

bar. In“the preferred case where the protic liquid is
undeeaytolgynic giressunabhnd temipdratures petsfeenaiboyt MBS ahdiabout

the synthesi's mxtures is hgaﬁi)ed above about 10 Om%
1802€asuch aschetween abent b 6gaibaRow ld9sty morqmesisrabiy between
. AP . ; h |
BBt 206h gt o REOL R Bty PR ug anc
a?BQiV fo(ee H&Hﬁﬁg&gﬁ&l%&ﬁiﬁﬁdﬂ%&h@ ‘ag%ntﬁéeéﬁé?y BppliéFwith a metal

rquird in a“sea vessel and under alt ogenous

nisles sdticebetRieeh ababi §.2 anidt dbony dr5ytpreferally betwiedn abeut 0.2 and
the nmetal nolar ratio should be nore than about 0.3
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t han ahout 5, ,eve re preferably nore than about
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Wien the netal nolar ratio is above about 1, it is not

necessary (but still possible) to use hydrothernal

i tiBrsn agRotdssicBopomyipdint 6viewkie is here attedcyistso use

both at hydrothermal and anbient pressure conditions. .
atmosphgsis resrtion conditions. Therefore, the preferred bulk catalyst according
to the invention has a metal molar ratio between about 1 and about 4, more .
preferably between about 1 and about 2 and most preferably between about 1
and about 1.5, and is obtainable by a process wherein the reaction is done at
substantially atmospheric pressure. Typically, the protic liquid is water and the
reaction temperature under atmospheric conditions is below about 120°C,
usually below about 100°C. The reaction is carried out at elevated temperature,
preferably above about 50°C, more preferably above about 60°C, more
preferably above about 70°C and most preferably above about 80°C. It was
further found that under atmospheric reaction conditions a bulk metal catalyst
having higher catalytic activity can be obtained by choosing a metal molar ratio
higher than about 1, preferably more than about 1.1, more preferably more than
about 1.2, even more preferably more than about 1.3 and most preferably more
than about 1.4. Too high metal molar ratios are however not preferred because

that may result in incomplete reaction of the nickel compound during catalyst



active formof the catalyst is forned under the

condi tions applied, catal ysts obtained by the
woydrosss mal or at nospheric route are quite sPaTiuaR006/041527

It was also found that the activity of a bul k catal yst

having a netal nolar ratio ofijgabout 1 or nore,

preferably between about 1 and about 3 nay be sonewhat
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canmpounds 0 My pacedlya thancaction G carved oyt ot tiBleohaitlgesd @ hours,

about. 1200C and about 16Q0C, .even,nD referabl
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Adttahgabh evbythe dotaieessl csvities of tho@xygen littioe vehedeinghe a and
ba;xes 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 NiWO4 phase in the preferred catalysts of the invention have lattice

parameters a=2.92A, b=2.93A, and c=4.64 A, all being +/- 0.02 A.

[0040] At high temperature, the hexagonal phase is transformed into
"regular" orthorhombic NiWO,, which can be identified by comparison with the



substantially atnospheric pressure. Typically, the

protic liquid is water and the reaction tenperature
wanagrosedssrospheri c conditions is bel ow about 1POD@S2006/041527

usual |y bel ow about 1000C. The reaction is carried out

at elevated tenperature, preferably above about 500C,

nore preferably above about 600C, nore preferably

above about 700C and nost preferably above about 800C.
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[0042] In an embodiment, the catalyst is a nickel tungsten oxidic bulk
catalyst. In a related embodiment, the first and the second solid metal
compounds used in making the catalyst both remain at least partly in the solid
state during the entire reaction to form the nickel tungsten oxidic bulk catalyst.
The term "at least partly in the solid state" means that at least part of the metal
compound is present as a solid metal compound and, optionally, another part of
the metal compound is present as a solution of this metal compound in the protic
liquid. This process is referred to as the solid-solid process and is described in
WO 00/41810 as one of several possible preparation routes to prepare trimetallic
bulk catalyst. The bimetallic catalysts described in comparative example B in
WO 00/41810 was prepared in a process in which only the nickel compounds

remained at least partly in the solid state during the entire reaction. It was found



hexagonal (cph) oxygen lattice with al nbst random
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lattice in the cph structure and wherein the ¢ axis
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tfrlgtytﬁ S?fl&' 51@%‘ @RoRKE YGitY rré‘ﬁlﬁlﬂeﬁ 1h%1%§8%’g S}eﬂ)\ﬁé}%tivities as

I ons O Ot her crystalline co are

exehmplididd ial thy eahsids iepedfted d¥serdyeddi ffraction pattern,
al t hough an anor phous phase may al so be present. Wile
not w shing to be bound by any theory or nodel, the

IBOF31R Bl she BraChoR s> ik e R e SRR BEBIY hive a
il PafiI sER B e a’ﬁ%* I963E B0 E 5 LA ABPHE FrchbrabliFar
l@é&% %Bglit[ I3 Bl% 2&‘@% ér@i’e??ﬁlg Qp l%gi’ ﬁoé t2It fu@z bﬁ?ﬁ?é}‘gfag[}égot more

thAP468utA00p ,gﬂﬂ hﬁﬁ@ Ec%fﬂb@y nbhﬁxohsmomiut nbes eam Seven more

t ransf or med 'i nt regu ar"™ orthorhombic N WO ,

peéfierdtdy inde midre Iﬂ@@h Byout 300 airhs &id widsh ptdfesibinder ﬂ&ore than about
powder diffraction database: JCPDS-1CDD PDF card

159 -1015 Even mdre fdre8&ably, i Mé8ln pdrticke diamieterliestindhesange of
"ni ckel tungstate oxide". The X-ray diffraction

abaet bimabeut Y pu sndinest priefergblyainadhg sangsr eflrasd 2ite about

accordancfe with the inventj on IS gfﬁgeral ly si m | ar f

15Agix. Fag eaﬁtblyf@@tm@@apwﬂ&ﬁsaﬁ qiHe pqtaloxiflic particles

/ No/ W bul ,k bed
roipp i saps ety CRetatede IR Bk REA AR G oqlibg and
oL ti tt h t k doubl et
b About 60 and about 68 20and, the met ast abl e

hexagonal phase structure of the nickel tungsten
catal yst of the invention shows a S|nale reflection at

[@sdl: ~ 6Bhe bulkpwetal satadyst pan bgicompaspse sed shapedin combination
2 Og'a{tgl P Porinuvl\htlgnh agéen s’ nbéeusch éja%%tﬁl%tcla alyg/t particles comprise at

least about 60 wt.% of bulk 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 catalyst
comprises at least about 70 wt.%, more preferably at least about 75 wt.%, even
more preferably at least about 80 wt.% and most preferably at least about 85
wt.% bulk metal oxidic particles, the remaining 0 to 40 wt.% being one or more
‘materials selected from the group of binder materials, conventional
hydroprocessing catalysts and cracking compounds. Typically, after compositing
of the bulk metal oxidic particles with a binder, the composition is shaped,
preferably extruded, to form shaped bulk metal catalyst particles. The invention
also relates to shaped bulk metal catalyst particles comprising the bulk metal

oxidic particles. Accordingly, in one embodiment, the bulk metal catalyst is in



anor phous Ni Mo binetallic catalysts, it was observed

that the high catalytic activity of the instant
woat@loged33i s associated with the presence of tReT/US2006/041527

net ast abl e hexagonal phase. The catal yst of WD

2004/ 073859 i s anorphous as-ghown by an X-ray

diffraction pattern having no well-devel oped main

reflections having a full width at half naxi nrum [ FWHM

(B o B ST il {of e P wBAREY Y Rl of
c%rﬁﬁcisﬂic%jc 19in§B(HE métﬁ)leoilﬂfcﬁﬁarﬁﬂlés tand abear0go abbmdto wt.%

compou I n maki ng the catal yst both

(telamvartcathel teted tweightt dfithe rbuilhmesa:ll dathlystaoE axl addrtg)nahmaterlal
entire reaction to formthe nickel tungsten o
ih plarticdara Yader maserialy /A bulk metakeatalyst | atﬁt@gp}saed

eSO

RARHRE TR HothDEx B Els 1HOTRALAGANIS BREANE, At B,
‘ so utron o I's metal conpou in the protic |iquid.
sﬁBSt&nﬁﬁl ﬁéﬁlngsorﬂﬁftmgs%h dsothe Griong EIB inektslodridipreferablysalso
and is described rn WD 00/ 41810 as one of several
having @ily nickgdasdhe 6moup MIBsmewlpr epare trinetal lic
bul k catalyst. The binetallic catal ysts described in
conparative exanple B in WD 00/41810 vvas prepared in a

[pggilssslﬂ ﬁ@ﬂ{b‘bﬁ Qﬁtytlfé‘@xlﬁlc Fﬁ{rs&u? e B aft& @ SkiBhg and

par yln sta e entire

sh8pitki B a BLEVRSuffue didaaif dt st pbbwy 1(ani’/gs phord-profertdy of
rout e resulted in significantly |ower actiyities as

ab tensp50 ’égl and mbst pefarpblyoilat deast eboutdk oy /% @8 measured via

Rl S B b e i
s, Syl S99 B TgrmeR et

pre
abblit N@Eﬁélﬁgymﬁohldf@ efeftibly ab@unt 5 &9@60&1’“15 iy @etermined by
preferably not nore t an about 1000 mm even nore
Ny dserptiny. The totel porehenrtumbmftths oetalngxidindpartisles preferably is -

referably not nore tha
atp least about%) 05 ml/g and morg pak%graﬁ)ly at least about 0.1 ml/g, as

determined by N, adsorption.

| [0046] In an embodiment, the pore size distribution of the bulk catalyst,
preferably after compositing and shaping, is approximately the same as that of
conventional hydroprocessing catalysts. More in particular, the metal oxidic
particles preferably have a median pore diameter of about 3 to about 25 nm, as
determined by_nitrogen adsorption, a pore volume of about 0.05 to about 5 ml/g,
more preferably of about 0.1 to about 4 ml/g, still more preferably of about 0.1
to about 3 ml/g, and most preferably of about 0.1 to about 2 ml/g, as determined

by nitrogen adsorption.

[0047]  Generally, the bulk catalyst after compositing and shaping has a

mechanical strength, expressed as side crush strength (SCS), of at least about 1



150 mm Even nore preferably, the nedian particle

dianmeter lies in the range of about 1 to about 150 mm
wanameeds3pref erably in the range of about 2 teCcalsi6/041527

150 mm Preferably, the nmedian particle size of the

nmetal oxidic particles rema 2&-substantially unchanged

in the bulk catalyst after conpositing and shapi ng.

[ 0044] The bul k netal catalyst can be conposited and
11%712;% dnd pré%efé%w ¥ h%a%&b'?)u@ Qtlpé/}‘;ﬁh (haBedidrP&ktrudates with a

n such’ case e cata articles conprise
di’dmét@ﬂ@f aBRaUt tobiboit 2%maf). The IS(]ﬁébﬁthed)ulki icatapyst tcant lbes
(wm.%cal culated on the basis of netal oxides relative
atlequatelytincrehsedeby homppsiting thamketabexidicspartigles with a sufficient
di sti n?g%ged from supported catal ysts that have netal
agIut @ Eited on a support material in anounts
significantly I ess than about 60 wt.% Preferably, the
bul k catal yst conprises at |east about 70 wt.% nore
[0045]er abb Ybbeiin b@@%}‘st abfipositionstwith hiptemethardical strength, it may
preferably at | east about 80 w.% and nost preferably
batdebialsle fabthet cagtlysit comlmmomf the imventien &E@V‘ta dew
the remajning O t

nm@mrealwrgrﬁ fernd Bgrléi%tﬁ’é% PhER0 el 8 ?.Pgégoparﬁg ot fhe’

onvent | on y.dr
cE NS Sl PoRASH R AR s i RS R
! labotih B3 Bfd prefitabl
(AR ’%F“é‘?‘é? e s e S o e
l¢setthin abdw|2086. particles. The invention also rel ates

to shaped bul k netal catalyst particles conprising the
bul k netal oxidic particles. Accordingly, in one

gi nﬁggr mvt@ P‘ﬁgbléhsg’rrnﬁgﬁlﬁcig@ﬁ@%} ugk gfpét | % né?rlsmg
ugl%gegél' d)h@itféocfagﬁgﬁ' \%hféﬂ HaR®eBR il fidd. d}eqaepﬁm ltl@é fifedian

.% (relative to the total

pagtiddb dispheterseofithe kotalt sa.ilﬁda:t prtiskep mftheasulﬁdddﬂmu&inmetal
material, in particular a binder rraterlia dA
catielyst asxidsnijeal tpsheser given abpke forghe sneal oxidic Partlcles

SECTION III - MAKING BULK BIMETALLIC CATALYSTS

[0050] The invention further relates to a process for the manufacture of a bulk
nickel tungsten oxidic catalyst comprising:
(i)  forming a slurry of a first solid metal compound comprising Group
VIII metal nickel and a second solid metal compound comprising
Group VIB metal tungsten in a protic liquid, the slurry preferably
further comprising less than 10 mole % of a second Group VIB
metal (relative to the total amount of Group VIB metals) and also
preferably further comprising less than 10 mole % of a Group V
metal (relative to the total of the Group VIB metals), and
(i)  reacting the first and second solid metal compounds at elevated

temperature and for a time sufficient to form bulk nickel tungsten



froma supported catalyst in that it does not conprise
a preforned carrier material. The bul k netal catalyst
wOo00mste3pr ef erably binetallic, that is, substaariuakdogo41527
havi ng only tungsten as the G oup VIB netal and
preferably al so having onl y-2lickel as the Goup VIII
metal . [0045] In an enbodi nent, the bul k catal yst,
preferably after conpositing and shaping, has a B.E. T.
o cf or abi o Rl OPRgsBR SN AL U SeoRFtaid metal, o
g, Iy
at | east gbmpbubds retain addeasepantiyedd the solidhstabe Buiing the entire
met hod. The nedi an pore di aneter (50% of the pore
vol une i srésstionte foun thebwlkarckel fengster pxBhopaBiples. i t)
of the netal oxidic particles preferably is about 3 to
about 25 nm nore preferably about 5 to about 15 nm
0G5 P TR R Ept R Bt BEL oDt OB, oo Pl lowing
pﬂj@@ggstep@g m/qg ang gorﬁlzprgferably at[loce)izr_tl about 0.1 -
as determ ned by adsorption In an
ermbofiiye nsgparatingihedudk nicksl sungstan pxidioparticlesyoon the slurry,
catal yst, preferably after conpositing and shaping, is
approximately the sanme as that of conventional
hydr ocC r :
ot ot ; OB ot balCnichH EpEReR BAAE foftfclel With 0 o 40
di amet er @i, o8 pRWtive toahaberd! wébsHiBf the boR! @ersl raadlljfsy) of one
ni trogen adsorption, a pore volune of about 0.05 to
about 5 nbr morermatenrlekeleatsdyfram thbgmumoﬁbmﬁleabmmrlals

m/g, still nore preferably qf about 0.1 to about

Mg and%\gepnen@lflafdiepgpcsfm%aataﬁjﬁtsla% CEsHHRE gormpounds
n/g,

General | ygglioﬁé 'Héxgﬁ% fﬂ%rttﬁg g&ﬁb gaplh/(")ogr}tea&t%pgdﬁ the metal
shapi ng h@&n?oﬁm;shanl cal strength, expressed as side
crush strength (SES), of at |east about 1l bs/nm and

pr ef @)abl gpraf- daymlgeeﬂashakdoyingsmiliiﬂg;dmémﬁagusleﬂyamixing, dry

extrudates wth_ a
or wet mixing, or combinations thereof,

(vi) shaping, and
(vii) drying and/or thermally treating at a temperature below a
temperature where transition to a crystalline structure occurs,

preferably below 350°C.

[0052]  The solid-solid synthesis is described in detail, as one of the various
different bulk metal catalyst manufacturing processes, in WO 00/41810, which is

‘herewith incorporated by reference.

Step (i)
[0053]  The protic liquid to be applied in the process of the present invention

can be any protic liquid. Examples are water, carboxylic acids, and alcohols
such as methanol, ethanol or mixtures thereof. As the protic liquid in the process

of the present invention, preferably a liquid, is used that comprises water, such



di aneter of about 1 to about 2 mm. The SCS of the

bul k catal yst can be adequately increased by
woanpasidssng the nmetal oxidic particles wth aPCT/US2006/041527

sufficient anount of binder. [0048] To obtain catalyst

conpositions with high nechap2zecal strength, it may be

desirable for the catal yst conposition of the

invention to have a | ow nacroporosity. Preferably,

A

n

pPRedIliqiiag cﬁmbécbg;)ﬁéﬂisﬁﬁﬁilt&%dﬂiﬁr}ﬁiWMe ipRbEeds oPthe RReheoh. For
angl e about 130), nore preferably | ess than about

irxpance] (104 ppssibke toraddrat suspension of almetal compausd iid edhadol to an

bul k metal catalyst_ conprising a bulk netal oxidi )
agReQHS,ISDGII M O arothelemetal compayndebi CoYFsey 2 Prpfic fiquid must

. . i | A
bB bR BfcH oot BB GEc B hEReliioR, T o bidt tiouid s
wa@anmepﬁhubi@ig beaR GfdﬁMQMﬁ-ﬁ@dleH?@taﬂ&hﬁtoﬁMsddrﬁ Group
parficles. SECTION I'l| - MAKI NG BULK BI METALLI C
VIBTARMEESnpodhad whieh arevetrieaso paftly inhthe sobidastas ducing the
‘process for the manufacture of a hul k njckel tungsten
penaess ef tetiavgation sepsrally igless thanahaut Q) Samel/(F Q4 md fwager at
lggdést solid nmetal conpound conprising Goup VIII netal
[ A{el and a second solid netal conpound conpri sing

Goup VIB netal tungsten in a protic liquid, the

slurry preferably further conprising | ess than 10 nol e

[0054] a elopebtieligiid W Warer] sdit{ble hidkiey eotnpotihds thicH are at
amount. of Goup VIB netals) and al so preferably
lemst partly indhepolid pigte during Hiereadtion cempyise, andaneuppieferably.

C(gr%a&l esgén%a?ltyi ot O}Ea?attesh,%ittrgtteg,l ca?{)ortleﬂgs,(ﬁy%lfgx%t:aBl'b%%%%s,s )
hydroxides, molybdates, phosphates, tungstates, oxides, or mixtures thereof,
with nickel hydroxy-carbonate, nickel hydroxide, nickel carbonate, or mixtures
thereof being most preferred. Generally, the molar ratio between the hydroxy
groups and the carbonate groups in the nickel hydroxy-carbonate lies in the

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

[0055]  Suitable tungsten compounds, which are at least partly in the solid
state during the process of the invention, comprise water-insoluble tungsten
compounds, such as tungsten di- and trioxide, tungsten sulphide (WS, and WS3), -
tungsten carbide, ortho-tungstic acid (H, WO,4*H,0), tungsten nitride, aluminum
tungstate (also meta- or polytungstate), ammonium phosphotungstate, or
mixtures thereof, with ortho-tungstic acid and tungsten di- and trioxide being
preferred. Preferably, the reaction between the first and second metal compound
is an acid/base reaction and the first or second metal compound is a basic solid

~ and the other metal compound is an acidic solid compound.



(ii) reacting the first and second solid netal

conpounds at el evated tenperature and for a tine
weubd7isisat to form bul k nickel tungstenoxi di CPCT/US2006/041527

particles whereby the first and second solid netal

conpounds remain at |east paRfty in the solid state

during the entire reaction to formthe bul k ni ckel

tungsten oxidic particles. [0051] The process

[00861°Natd ¥n Ebodfhe O TRE QAR cOAd SBE nR¥tall d¥npound are free

fol I'owm ng process steps: (Ii |r3 separating the bulﬂ

frim bérogemgeheramixthdiproppatitiuid sepafatednioetisd teacted reta)

conpositing, the bul k nickel tungsten oxidic particles

oxidif particiesm step di) sse-ased at lesst imeparbtoaformethgisiursy in igp i).

ARy A b LS P T

QR | ' :
g e e B s S .
of the metal conpounds, (v) spray-drying, (flash)
drying, mlli kneadi ng, slurry-m xing, dry or wet

[085d1ng, This m‘@ggd(;l/ﬁaﬁﬁ aflg@nt&i@r)u@fqr fevieyal sbagoinag Apantifrom the
fick st A Bt i By B Flan s the seaption
IFEYRAIEHLIE SHTAELY O s ST MR

silsfitiallyafie® £ nitfodehartonns] Phigreds hbaiceminubitidh d®4lRn ions like
cat al yst manufacturing processes, in WO 00/41810,

amma@tivitsandoenittate imthempotialiguidon refeateheeyclhugmnd there is

no need for washing the obtained separated oxidic particles. Moreover, there is

a reduced loss of precious metals and less risk of undesirable ammonium nitrate
salt formation. Further, because the catalyst is bimetallic, the chemistry in the
reaction step is simpler, because there is only one group VIB metal.
Consequently, there is less composition drift in the group VIB metals on
recycling of the separated liquid after reaction. Because the compounds remain
at least partly solid during the entire reaction the amount of metals dissolved in
the protic liquid is small and hence losses are smaller. Furthermore, the spent
bimetallic catalyst is easier to recycle to the constituent metals than the
trimetallic catalyst because there is no need for the difficult separation of two
group VIB metals. Conventional processes for the separation of nickel and
tungsten can be used. This is advantageous in terms of reduced recycling process

complexity, costs and increased metal recovery yield.

[0058] To obtain a final catalyst composition with high catalytic activity, it is
preferred that the first and second solid metal compound(s) are porous metal
compounds. For the first metal compound, preferably Ni hydroxy carbonate, the
surface area (SA): SA > 220 m%/g, the pore volume pV >0.29 cm’/g (measured

by nitrogen adsorption), and the mean pore diameter MPD > 3.8 nm (measured



[0053] The protic liquid to be applied in the process

of the present invention can be any protic |iquid.
waxenTplses3ar e wat er, carboxylic acids, and al cebooius2006/041527

such as nethanol, ethanol or m xtures thereof. As the

protic liquid in the process2df the present invention

preferably a liquid, is used that conprises water,

suchas mi xtures of an al cohol and water and nore
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process of the invention generally is |ess_ than about

me@@bbbbf 2han 095 imakoutad ml/go@d njqsd prgferably phoyrBbo? to about

suitable n
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25003 4% EY by eiRurs o AT par SR Ssuf%“érﬁﬁséwefaﬁe area
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pfbféifably @taeastrabbubslahﬁg, Rhiesansihes vid thed3 BaT emethod.
oxi des, or m xtures thereof, with nickel

hydr oxy- car bonat e, ni ckel hydr oxi de, nickel carbonate,
her eof. bej.n d. Genera

(@t o e hagion RN SIS ARET B A 5oL PGSO ol el

carhb ar
oFbORRTS ERgeBBolsta i el Pt 57 L WRAR Hrrerde
IBEOLERT 2y D f2rdhlf BE1IRPS L LB BEFErBL ngt HOrOtfin 3000 .

fe)féfet‘aBl}I h6t 98kd thanl FO0D [l bEh hitRe Pr&TeRbIy Abt hidee than

i nvention,” conprise water-insol ubl e tungsten
500 pm, and most preferably not more than 150 pm. Even more preferably, the
median particle diameter lies in the range of 1 to 150 um and most preferably in
the range of 2 to150 um. Generally, the smaller the particles size of the metal
compounds, the higher their reactivity, though they can be difficult to handle in

view of safety and environmental risks, and may need special precautions.

[0060] In apreferred embodiment, the bulk metal oxide catalysts synthesis
mixture contains no organic agent R, selected from the group consisting of (i)
aromatic amines, cyclic amines and polycyclic amines, such as aromatic amines,
conveniently C4 to C20 aromatic amines, of which pyrrolidine would be an
example, (ii) ammonium and phosphonium ions of the formula RiR:R3R4Q7,
wherein Q is nitrogen or phosphorus and wherein at least one of R, R, R3 and
R, is aryl or alky! of from 8 to 36 carbon atoms, e.g. —C;9 Hz1, -Ci6Hs; and —

C1sH34, or combinations thereof, the remainder of R;, R, R; and Ry beihg



conmpounds, such as tungsten di- and trioxide, tungsten
sul phi de (W52 and W53), tungsten car bide,

wonwdtwseasngsti ¢ aci d (H2ZWO H2O), tungsten nitr PA&US2006/041527
al um num tungstate (al so neta- or pol ytungstate),
amoni um phosphot ungstate, -@54mn xtures thereof, with
ortho-tungstic acid and tungsten di- and trioxide
bei ng preferred. Preferably, the reaction between the

. _ . :
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aR@8bmbafitiods «'agemts.h NeH-letitingeahmptuspfisndhidirezting aigdnis
solid conpound.[0056] I n.an enbodi nent, the first and

irbadencktylotime thd emimardnpo @gtyhaimethY@élOﬁPMﬁinm, rogen
ofedesyIGnete ephor g G dpBRO T Py TS BLBg Ao um,
0 : ' : i). Mbst
ARy b S Bt plloBhBE, L) D00 g
dé@lﬁixﬁé&&ﬁm&ﬁnﬁﬁﬁz&ade%gltﬁ%mﬁaﬁﬁﬂoﬁihm agdond net al
conpound”i s tungstic oxide or acid. [0057] This
dimnethghliideddcyladmaniwge die dompamdefram whichdths abggar t

- fromithe fact that the pefal conmpounds do not confain |,
AFMOTE U OrRIsphoBIIE 19This degiyed iy B® rﬁ6?n]ﬂ°i“cq i baroxide,

ddi ti,on,of a ni a, to tthe reaction mxture so the
h?a,lllcgee&lgca]tqg °§ﬁl5n{§r¥lgﬁﬁpﬁlielo free of nitrogen atonms. There
is no ac_cumJI ation of alien ions |ike amoni um and/ or

nitrate in the protic liquird on repeated recycling,

Sedpl(if)here is no need for washing the obtained

separ at ed oxidic particles, Noreover, there is a a
[00sdiic e Dwidrg and/op éier thedr #diHPE, tglﬁ §lyreg i imt@t ghe reaction

e RS RPE PR F  erigth el R oty B ptlow the
rdallfioh ?@E&é&e@?g@éﬁg’egéal% TRE SlurryPRARYE 8t it ﬁ_ﬁﬁlr%ilsplq uying the

one gr nsequently, ‘there is | ess

reaetipp stepl. D paitticular] 8s bpposgdao V@ BI0W0EB 5% preferghllyimy
of the separated | iIqui d after reaction. Because the

amorpounds addedi ThepH) prafaralplyris iy theorange @f apagt ¢ e about 12,
m%?é iplr'e%erra%?)s: }ri he rtaplge %%g(%t P Io eﬁ%u%lf agh %%81'1 \fr%jrei pq”eferably in
the range of about 5 to about 8. As has been set out above, care must be taken
that the pH and the temperature are chosen in such a way that the metals are not

| fully dissolved during the reaction step. 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.

[0062] The parameters that are important for the performance of the bulk
catalysts, in particular the reaction temperature and pressure, the metal molar
ratio of Group VIII to Group VIB metal, the hydrothermal reaction conditions
and the reaction time are described above in more detail in the description of the
bulk catalyst. As described above, when the metal mole ratio of Group VIII to
Group VIB metal is between about 0.2 and about 1 and the protic liquid is water,



the protic liquid is small and hence | osses are

smal l er. Furthernore, the spent binetallic catalyst is
weasi7@sod’s recycle to the constituent netals thRanuSkmwe041527

trimetallic catal yst because there is no need for the

difficult separation of twd-géoup VIB netals.

Conventi onal processes for the separation of nicke

and tungsten can be used. This is advantageous in

hERFR B S NSO I RER AN Lhifont e
réddidn teRiRkMEte SURAMJut Q00 bhd i Fbsshaé Aigher @han about 1 bar.
activity, it is preferred that the first and second

Whei d}qﬂm?wl mcoimratl?ds( ahovar abouid il oﬂw mlast @ﬁmgmag also be
F

aesinonsRisly preduserader By URiesmal capditiohs gh el 1S Hhable
ST eI T

SR ROV Wb 1 SiREATRIYDAAE e0tlomARDITRE pi'é'&s§ ﬁﬁ@mothe bulk
msta conpound, prefefably tungstic acid, SA >

catilgst cal be (Bnd prefetibdy (Symamufectubyd imi 4 png:eas whereln the

-adsorption), and MPD_> 6.1 nm (neasur ed nitro
r@mmnps idong at sebstantipdly] 4t€u>SPh%nlc P??ésv@taal &P@P@gqtﬂﬁ?ebelow
tﬁﬁ, ore size distribution of these metal
are simlar to those of conventi onal
hydroprocessi ng catalysts. Preferably, the pore vol une
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S@e'ﬂﬁlﬂo about 4 m /g, nore preferably of about 0.05 to
abou and nost preferably about 0.05 to ahoqut

[0063]/ gsA?@ﬁga@a?ilmatepyl Recessepy. g}ﬂe \ﬂhfaéne%m%%h% icy .
paEiales ¢in hosepaghter drorm e GRUGE otk e Qpéﬁ%ﬁt@ﬁ&?@ég In

SHEFERY i et HAIon ot AR R e o

lighid heedsitove s%pdra%ﬁtﬁbﬁh ﬂml sodhdrreaahomprmhmndnaa wet reactlon
preferably is in the range of at |east O.

poodafot cabidireatly besbapad afer epjianap cemposiing mth| aélaistﬂorzﬂl
materlaﬁtas c{e?j El%b lIB/WnOtd tHD en grlegag‘or Qhe semnratlon of the metal oxidic

particles in principle any solid-liquid separation technique can be used. The

separation can be done before or after being composited with additional
materials. After solid-liquid separation, optionally, a washing step can be
included. Further, it is possible to thermally treat the bulk catalyst after an
optional solid-liquid separation and drying step and prior to its being composited

with the additional material.

Step (iv)

[0064] Ifso 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
bulk metal oxidic particles or to the bulk metal oxidic particles after their

preparation. Preferably, this additional material is added to the slurry after the



nore preferably not nore than 1000 nm even nore
preferably not nore than 500 mm and nost preferably
waabo7mses3t han 150 mm Even nore preferably, tReTisioan41527
particle diameter ties in the range of 1 to 150 nm and
nost preferably in the range2dt 2 tol50 nm GCenerally,

the smaller the particles size of the netal conpounds,

the higher their reactivity, though they can be

t

Pl br U R ol QU AISIHBAT] e spmppion ep b
ih @AY Chsd priar r tht shagidgedp di isanbstlyt Hdddddfkerrtht aépal'atldﬁ from

cat.al ysts synthesjis nixture contajns no organi c agent

ﬂr@ lg‘élldelélttb@ mm/km@dgrgaﬁspoﬁmmqsmg‘ Qﬂner(a@dﬂa@m%anat@rlals
m.nes an c.anin
B R e S olposiie el Bud Pl ot S g bl £t 28
desariied inoW oMo &N 8 ﬁ)ﬁrrol i di ne vvoul d be an exanple, (ii)
ammoni um and phosphoni umions of the fornul a
RIR2R3RAQ+, wherein Qis nitrogen or phosphorus and
wherein at |east one of R, R2, R3 and Ris aryl or-

| (@065} i glf the above- cta@cmbeixbprngocasmﬂtqmeuges , g teri ’Lco,mposmng
' O 8H37
tnei}aﬁa@y%fw%a@ateﬁg R S ke btk
c%&ﬁ?oﬁ?% \%arl%i]dgndj{ %%lﬁgg ngJ %iorf){aorﬁf)%@mfvt[&%ggr’ls

peofarplyedod 1r§ﬂﬁ>fpr€$drﬁ§ lofadiaae (et ﬁ@ilﬂ%e) This improves the
cetyl trimethyl ammoni um cetyltrimethyl phosphoni um

mechauiealystrangtie ofi hepfival wataly stroonyeusytigay.r i di ni um

nyristyltrinmethyl anmoni um decyl tri met hyl anmoni um
dodecyl t ri met hyl anmoni um decyl tri nmet hyl anmoni um

| :
(88T OB e AR TR, particles withysaid additignah material
alﬁU@Nﬁlo@thﬁglﬁﬁe?é R femmgrfhe 9Bepa?aﬁ’@r!i bY fife ARal RRidic

for exanpl e, hydr oxi de, "halide, silicate, or
particlasreadstormdk cadiysts ¢f particularly hlgh mechanical strength, in

particular if the median particle size of the metal oxidic particles is in the range

of at least about 0.5 pm, more preferably at least about 1 pm, most preferably at
least about 2 um, but preferably not more than about 5000 pm, more preferably
not more than about 1000 um, even more preferably not more than 500 um, and
most preferably not more than about 150 um. Even more preferably, the median
particle diameter lies in the range of about 1 to about 150 um and most

preferably in the range of about 2 to about 150 pm.

- [0067]  The compositing of the metal oxidic particles with the material results
in metal oxidic particles embedded in this material or vice versa. Normally, the

morphology of the metal oxidic particles is essentially maintained in the

resulting bulk catalyst.



[0061] During and/or after their addition, the slurry

is kept at the reaction tenperature and pressure for a
woent7ases3g and sufficient) period of tine to al PowusSh®e/041527

reaction to take place. Generally, the slurry is kept

at its natural pH during theZ2Beaction step. In

particular, as opposed to WO 2004/073859, preferably

no ammoni umis added. The pH preferably is in the

[0668fc oThabinderQniteriale aobe bpplisB neayPbehey akttyrials t he
range of about 3 to about 9, and even nore preferably

cpnvemieonaélyg@phedmchmd@s umhyd:m;uro&ssmg dataly$te cixamples are
ci gﬁove care t betakenf ? e pH apd the ,
st RS, SURD 88 AORYESBAl & I Wi, shisargopigdalumina

aﬂﬂ %llﬂ@ﬁn:{ E'(l)a{tg%l g lﬁsﬁ%ﬁﬂ fiin: oy Hﬁé}l‘g%s @}gy{i@?ﬁghﬁﬁté éﬁ Bﬁl%ﬂg

tl@cnﬁa ht@tfaﬁla-waté@ AUSRING nilkdorﬁﬁ‘ Q,%@lr(bnfdléfﬁw bf Hﬁianchd:lQ?s 5%h as
get aslurrythat can be stirred, and, on the ot her

sammte ibentomteckaalir, Isypmhbssenhysdnfotalc:te,mrl pixtoses thergofii d
%ﬁ% I‘?ari)épgssary reatjon of waste Iliquid., [0062] The
Hivet CT8 |35 Siice, ﬁli%%?}(“zﬁlﬂﬁlaf @l,urrpﬁ@ Wéma@ fitaesoated :
u t [ c .
{‘;ﬁﬁ%@# s fthiue o8 S idbal ThepE BT g be appicd

a$S@dPoVAfér peptizateR, VI B met al , the hydr ot her mal
reaction con itions and the reaction tine are

descri bed above in nore detail in the description of
the bul k catal yst. As descri bed above, when the netal
ratlo of Goup VIIl to Goup VIB netal is between

d_ab d the t
l‘@’é‘?i f f06a¢ PetopdnrGibhSaBatl efihs Hote addidopal
|
A Eﬁ‘éﬁ‘? SR ARy St n AR i RN Y Fcading,
slirtrgrmixihgndtyher wet mixing) er ¢c&hbmat1©n§ﬂmreoﬁ leith a Eondblivgation

catal yst obtai ned can al so be advant ageously gr.oduced
OfJWé'émlW@raeﬂdﬂéﬁeﬁdmg:@'rﬁiuw GRing) and gpraytdrybeg being preferred.

Tﬁ%s?:i tgglge}p her Ct I ﬁqutcg?lﬁwm (or qq#e\ﬂngvg%ﬁe agove further)
mtﬁhegﬁgéuﬁgt éﬁd%ﬁctlft eﬁ%ll?,caq{&%ﬁﬁ-l?&ulﬁ @gpﬂraﬂﬁﬁf’ﬁefo}ec' 6t Lfter a

thermal treatment, and subsequent to re-wetting.

Step (vi)

[0070] Ifso desired, the metal oxidic particle optionally mixed with any of
the above additional materials may be shaped optionally after step (ii) having
been applied. Shaping comprises extrusion, pelletizing, beading and/or spray-
drying. Any additives which are conventionally used to facilitate shaping can be
added. These additives may comprise aluminium stearate, surfactants, graphite,
starch, methyl cellulose, bentonite, polyethylene glycols, polyethylene oxides, or
mixtures thereof. If the shaping comprises extrusion, beading and/or spray-
drying, it is preferred that the shaping step is carried out in the presence of a

liquid, such as water. Preferably, for extrusion and/or beading, the amount of



catal yst can be (and preferably is) manufactured in a

process wherein the reaction is done at substantially
wanoasissi ¢ pressure and at tenperature bel owrab@stoo6/041527

1200C. Step fiii) [0063] After the reaction step, if

necessary, the obtained netaf9exidic particles can be

separated fromthe liquid, e.g., via filtration or

spray drying. In one alternative enbodi nent, such a

R YR P ol oS} (000, i e onee
of BBoe20 teasdhit®0o%pr oduct can directly be shaped after

optional conpositing with additional material as
defi ned bel ow and then dried. For the separation of

[@‘gﬁ] 0 |t ﬁa% Bﬁi@@%@‘f %&h&%@é@iﬁfﬂ 4 aly %ﬁ% lugsg iR the pregent invention

7 i . . . i .
HERB 1B PP NSRS Mo btinBiBRpic o ol
sB&pesAntlude ipdvaRPAISPhERS, cyditidet) irlg, armd Y@achGc o 8fmmetric

can be included. Further, it is possible to thermally
polydalest fier instakce ati-adnd quairnmbesnPaticlesmesulting ifcbrh ieytrusion,
and prior to i bei

separation and drying-step, t »

b@@fﬁﬁsgﬂrﬂo@élem wswally Batei 4 Aigmgicin Berange of @aptttirzﬂ%to about 10

[ 0064] .1 £ SO Lred, . 1] tek |

o PR TROER R Ch AGtabe L odBGE N rpAR AFAE These
RIEPIRRAE FRTUB POwdRERGHEIREipORBe PelaltifY from, e.g.

p?nﬂxturég%t%ﬁere flﬁ?an be added dur i nlg t he ltifg from, e.g.

splagudryttas gendrally haepa naddiamparticld diamdtér imsthelrangé of about 1

particles or to the bulk nmetal oxidic particles after

uithts abqutdP8riami but deviatiensalisom, thisrgenesaldange aeg possible.

material is added to the slurry after thepreparation

of the bulk netal oxidic particles and prior to the

529}%2@@“ on step, but in-any case prior to the shaping
—1t is nostly added after the separation from

[0072]  After an optional drying step, preferably above about 100°C, the

resulting shaped catalyst composition may be thermally treated if desired. A
thermal treatment, however, is not essential to the process of the invention. As
~ described above, the bulk catalyst, has a temperature sensitive metastable
~ hexagonal phase which readily transforms to a crystalline structure. Therefore,
the metal oxidic particles are preferably heat treated at a temperature below a
temperature where such transition to a crystalline structure occurs, preferably
below about 450°C, more preferably below about 400°C, even more preferably
below about 375°C, most preferably even below about 350°C. This thermal
treatment is typically done on the final bulk catalysts after compositing and
shaping. The heat treating time can vary from about 0.5 to about 48 hours and is
_done in an inert gas such as nitrogen, or in an oxygen-containing gas, such as air

or pure oxygen. The thermal treatment can be carried out in the presence of

water steam.



the liquid in the m xing/ kneadi ng step. Exanpl es of

ot her additional materials that can be conposited with
woOher7st@aB oxi dic particles in the catal yst areCT/US2006/041527

descri bed in WD 00/41810. [0065] In all the

above-descri bed process alteBbatives, the term

"conpositing the bulk catalyst with a materi al" neans

that the material is added to the bul k catal yst or

[Wﬂ Ve’!‘ﬁé‘bﬁg?bﬁlfkﬁ?ﬂﬁsééltély&qs AeQyhised ih§?ma&%dfom

Xi'ng 1s pr done” i n e présence o I'i'qui d

(ataest sulfding'dan Haﬂa@ommfshw $n bhye wacéﬁmtmi fosntiakigg the
of the final catalyst conposition. [0066] Conpositing .
cetady sat %Mlﬁdﬁlfdm‘.i, imgtuding eenventioneh pal fisddag megheds. For example,

17 eabt rdnbe porieteRobih Soecdreols AEthE bl ¥ g%%'ggﬁlaés Such s
abs'ﬁllfﬁr—%@hﬁilﬂﬁkshcﬁﬁd p@'h‘:h? ?c% hﬁéym&ﬁﬁeqﬁgﬁ gf a sulfur

strengt trcular i medi an Si ze of

cbiiporehnrllt @y dill§o Pea kbhities dfsa smmrrtsa)nﬁmﬁﬁi %r dlerh@asl sulfur,
about 0.5 mm nore preferably at |east about 1 mm

itnis possiblsf terinbosponate [tha sulfabinto tike catalybtiviapneltiogair y
SEpLHALRG Tsi‘g]@g%%g;mgsoom%ﬂg,@p LS&” b'aas?e?isepri? SRy
cgg&c% A0 fn I:cflos?ltl E]gi{lﬁl}?ll eﬁq k 1%{5/ alll?%]%l %gtsmble to

n nore pr era n par

shlfﬁﬁ: the chﬁé@yﬁ %?’%n@ictﬁfgqt' twn:h 4 Qumbloeksntar}ﬂnmaf&ami feed,

preferably he range of about 2 to abo 50 nm
[g),()dsﬁj'dr“ﬁh&rb@nrﬁeed thatgs been bpikedtveith axutfuc-cpatainiagemmpound
with the Haterllgdresultsm metal oxidic . particles

Hd

suehaydiseet frEbMPR). Blepgnding,aay thg mehodgised, sulfiding,

e BRI ARY s PRI ¢ RRRECoRENS hiTpline, can be carried

oﬁgi@éﬁﬁénd/gp@@l‘ztﬂ_ heoBtdefigk tH@P%dlfﬁt SvittPa Bas@RR! suflr MY

y materials conventionally applied as bi nders in
componanteneh ais iy Scernalbey domse exExiampt éssizm.eContacting the product
with a sulfur-containing hydrocarbon feed is preferably done in situ. Contacting
the catalyst with elemental sulfur or with a liquid or dissolved sulfur compound
as described above will generally be done ex situ. In this case, it may be desired,
however, to subject the sulfur-containing material to an activation step with
hydrogen. The activation Witﬁ hydrogen can be done ex situ or in situ. It should
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 referstoa -

process carried out not inside such unit. It is preferred that the catalyst

composition is sulfided both ex situ and in situ.

[0074] In an embodiment, the following successive process steps are used to
prepare the bulk catalyst: 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,



silica, silica-alumna, such as conventi onal
silica-alumna, silica-coated alum na and

walwriosesssoat ed silica, alumna such as PCT/US2006/041527
(pseudo) boehm te, or gibbsite, titania, titani a-coated
al um na, zirconia, cationic*l-ays or anionic clays
such as saponite, bentonite, kaolin, sepiolite or
hydrotal cite, or mxtures thereof. Preferred binders

wRf gigidg the ﬁlﬁr'obﬁ@mﬁiW@hﬁ@erlaﬁ' I8 a binld@P léheading, extrusion,
titani a-coated al um na, zirconia, bentonite, or
rymg,w&anhigemubﬁulﬁﬁlh@e bi nders nmay be applied as such
or after peptization. Step (v) [0069] The slurry,
opti onal | y conpri sing any of the above additi onal

ri be sub ect t n flas
(PST g 2 NG o bGP Rl et ligWhos (oo
m Xi ng, or corrbl nations thereof, with a conbi nati on of
wet m xi ng and kneading or slurry m xing and

(ApSale Crugh SirdpettnDepurafinatiad. These techni ques can be
- applied either before or after any of the above
(further) materials are added (if at all), after

1P G SRR B O R ?a%el?ﬁlﬁ " bR, and then
thb%%%a{ %a?ﬂcfée\%g eét@& t&?&ﬁ‘fﬁ) lbaﬁgfg 0(2‘5' 1Bs i in 8.6 sec.)

opt1 ona m xed W OVG 1 ona

bﬁatxﬂwaaile 1¥eon. Hmesmﬁbquhedaﬁ @hhssh thbtpakticleapas(inkasured. The

havi ng been applied. Shaping conprises_extrusion,
prosedureiwasugpeated avitly atledstot0 ¢ partiplesiand ateca\tqrmwas

caleise B3R 1071 URdERE oy oS LD GRPN TS
RSB BAEIANn e A ’exéé@q@g 7 LY

pol yet hyl ene oxi des, or m xtures thereof. If t he
shapi ng conprises extrusion, beadi ng and/ or

[0077] The N, adsorption measurement was carried out as described in: Paul
A. Webb and Clyde Orr, "Analytical Methods in Fine Particle Technology”,
Micromeritics Instrument Corporation, Norcross, GA, USA, 1977, ISBN 0-
9656783-0-X. Where median pore diameter MPD is mentioned, we refer to the
pore size distribution extracted from the desorption branch of the nitrogen
sorption isotherm according to the BJH method as published: P. Barrett, L. G.
Joyner, P. P. Halenda; The determination of pore volume and area distributions
in porous substances. I. Computations from nitrogen isotherms, J. Am. Chem.
Soc. (1951), 73, 373-380. Total surface area is determined by the BET method:
S. Brunauer, P.H. Emmett and E. Teller, Adsorption of gases in multimolecular

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

[0078] Macropore volume determination, typically for pores having 60nm or

higher pore diameter, was carried out by mercury (Hg) porosimetry as described



it is preferred that the shaping step is carried out
in the presence of a |liquid, such as water.

weénef/@sed3by, for extrusion and/ or beadi ng, therPamwsmios/041527
ofliquid in the shaping m xture, expressed as |oss of
ignition (LA), is in the radge of about 20 to about
80% [0071] The bulk metal hydroprocessing catalysts
used in the present invention can be forned into many

f tol
11‘1i le! gp Z’?ﬁp%&c i’géd!g(?g%c\il\m OR, A'?ﬁlﬁl%éaw&go% 1I§Fiﬂeqbc{rﬁcle

spheres ers, rings, and

]&y;lmelogyb MlcrameritivsIhstrpoknt Cogsorafion, Nosirassc GAUSA, 1977,
and_quadrul obes. Particles resulting from extrusion,

I5BRLOR9 561 8pd)-Keilhagontach pngleniogd vaasdl 4hdegees.n t he
range of about 0.2 to about 10 mm and their |ength
likewise is in the range of about 0.5 to about 20 mm

EhaSRoRd df £HEST 8bRd 846] Eblnpde@ker red. Powders,
9., spray- drylng

general ly have a nedian particle dianmeter in the range

of about 1 mmto about 100 mm but deviations from

[007Y getikQualitatiye lhterrpbwmn eThepegsenot of solod nrital

‘After an tignal dr st.e eferabl abgve a
compoendt ASRE s ProRG S AERBInEERy it SR deigr Ay visual
%@ew&{ gPielaXt ﬁ"ﬂ’?@hl%gal cfonﬂfrﬁinrd? Qre ﬁlr'ésgﬁf ﬁaﬂhgtfpﬁﬁt%cles

not es ocess O

with'g ﬂldrﬁ’é’cer ﬁ?g@i&hﬁﬁ 'tllP@Wa&BIéﬁgth bﬂﬁsﬂﬂé KighatQf tz’@lirse hasthods

a tenperature sensitive netastable hexagonal phase
suth ahquasaaildsyictlight s€attering (QBLS) vs nedt-forwasd scattering, which

Ther ef or e, tal oxidic rticles ar referably
apgcRowWR é‘éf}%?osqﬁllg‘ipﬁli@ﬁﬁe?a&t o8 Deaissthia verfpHatetng pont in
U0 I BT I YUY AR P
ﬁ’fY(\:’péﬁfBl'é 5148 s al§Y BérerMifedOwRhal |s¥atbe§ﬁ IﬂJapférward
3750 nmost preferably even bel ow about 350 C. This

statterimg). treatnent is typically done on the final bulk
catal ysts after conpositing and

[0080] (ii) Quantitative Determination: If the metal compounds which are
added at least partly in the solid state are added as suspension(s), the amount of
solid metal compounds added during the process of the invention can be
determined by filtration of the suspension(s) to be added under the conditions
which are applied during the addition (temperature, pH, pressure, amount of
liquid), in 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.



shaping. The heat treating tinme can vary from about
0.5 to about 48 hours and is done in an inert gas such
wag0aTioseagen, or in an oxygen-contai ni ng gas, BATWSaA®6/041527
air or pure oxygen. The thermal treatnent can be
carried out in the presence-38B-water steam [0073] The
bul k binetallic catalyst is generally used in sulfided
form Catalyst sulfiding can be acconplished in any
way effective for making the catalyst is sulfide form
i ncl udi ng conventional sulfiding nethods. For exanple,
[0081]cat H the metaihncdmpowntsavhiet ane ttldedat leastrpardy df thdw:mlid
sul fur npounds, such as a sul fur- contalnlng li
staie Arq afgiﬁddnﬁhsf wsstedios dry gtate & BHratiom genstalhyis no pOSSIble In

R TASHIRE vesebidPiinE ol Rkl GRnbbRR I8 boBuRiied Yayal to the
WESRI M@%rﬂe@ﬁoﬂhé %‘iltlhﬂ&% oﬁl@y@&h@té’l%ﬂ{ GurfB! &h Adry basis.

- or subl i mation s al so possible to sulfide the
Tivectdtat twéight dfealharerd conppoames iy thecarhawiti ofgll el tcongpounds
sul fur- contalnlng gas |Like H2S. Finally, is also
ipitigHy sepleped inf & dey basds, calculgted asyn@i@ﬁmécs ng it with
a sul fur-containing hydrocarbon feed, e.g., a
hydr ocar bon feed that has been splked with a
(YN Ray (AL R} G FAMPIHRM o3 LEAF il hy! di sul fi de
(DVDS)~ —Dependrng on the netnod used, sulfiding, i.e.,
contacting the catalyst with a sul fur-containing
co ound, can be carried out in situ and/or ex situ.

act Theycharecisrisde el width at hpdbmeuimum ofithe oxidicreatalysts
\w ebqarﬁaﬁ'% of e i BF s XesdnlFRfonp P aT B cotelbat. The
chﬁaﬁfeﬁl 13(719 Haﬂf fﬂa'i(ﬂnuﬁpﬁttrlé tﬁhlﬁ‘ %a{he P*n’é%&num (in

fur or wt
te?ﬁisfdme?é&m%biﬁ ?lé} QT¢hé pesk adome 5/3 64 (ﬂﬁm raﬁh'al‘ 2be=35°
done ex situ. hi's case it may be desireéd,

(¥R 7By &or the dsmmtldnlw thy X-way diffitaetion patten, arstaidard
an activation step with hydro The activation with

powdendidfractamedier @@gxePbbhp@RngﬁO) equipped with & graphite

monochromator can be used. The measurement conditions can, e.g., be chosen as

follows: X-ray generator settings: 40 kV and 40 mA; wavelength of 1.5418

~ angstroms; divergence and anti-scatter slits: v20 (variable); detector slit: 0.6
mm,; step size: 0.05 (°20); time/step: 2 seconds. As discussed, the bulk catalyst
has at least in part a hexagonal structure characterized by an X-ray diffraction
pattern having a single reflection between about 58 and about 65° two theta and
main reflections near about 35 and about 53° two theta. The main reflections in

the X-ray diffraction pattern have a full width at half maximum (FWHM) of less
than about 2.5° two theta.

SECTION 1V _- EXAMPLES




be noted that in the context of the present

specification the indication in situ refers to a
wonrow@ses3gsarried out in the unit in which the earaiSy®s/041527

will be eventually used in the hydroprocessing of

hydrocar bon feeds. Conversely4-ex situ refers to a

process carried out not inside such unit. It is

preferred that the catal yst conposition is sulfided
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and second conpound in a slurry with protic liquid as
coapountedredtdeast palrilly sglidiluiing théeeastioni R2 dneanisdi reaction
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Side Crush Strength Determ nati on [0076]

paithstolid Herihg igs reaotion er dissobwedeRl rmeatsen pencessvliens all
measured, and then the extrudate partic)e

nagib @unp@rkl)elrrm amﬁms&@ycd/m rmasensn@w(l% m%‘éum:ﬁalgug thgregction.
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112%‘1 c d eggnﬁféfth%@ﬁtﬂygﬁéﬁtﬁéﬁvﬁg %eH*EB?m@H ?Enl%gﬁh thermal

orce per unit | engt

cORiftRs PCBIRfahY coapasiedbulld densighafihe qawlystc Ths dm:steh
a length not exceeding 7 nm grﬁngorosr rretr [ 0077

hTtlmpmgesgmgr@sr wesulis aka gisem in ¢ wiherein Ko A apd RWA are
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HBS$ Rp@ddey@fiigifion. Thehests were performed using two different
temperature and pressure conditions 1 and 2. The postfix 1 or 2 (fof example in
RWA1 and RWA2) refers to the test condition 1 and 2 respectively. The RWA
HDNI1 results are not shown because the nitrogen levels in the reaction product
were all so low that the measurement is inaccurate and differences between the
samples are too small to identify differences in catalytic activity between
samples. Further, the residual nitrogen and sulfur levels after the hydrotreatment
were determined and given in Table 9 under column S1, S2 and N1. In the tests
different diesel test procedures were used indicated as D1, D2, D3, D4 and DS.
The RWA/RVA values of the reference catalysts Ref 1, Ref 2 and Ref 3
obtained under testing conditions D1, D2, D3, D4 and DS, 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.5-Mo00.5-W0.5 R3 90°C)




pore size distribution extracted fromthe desorption

branch of the nitrogen sorption isothermaccording to
woOher7B3éd438et hod as published: P. Barrett, L. GPCT@gmme/041527

P. P. Hal enda; The determ nation of pore volunme and

area distributions in porous355'ubst ances. |.

Conmput ations fromnitrogen isotherns, J. Am Chem

Soc. (1951), 73, 373-380. Total surface area is

determi ned by the BET nmethod: S. Brunauer, P.H Enmett

and E. Teller, Adsorption of gases_ in multinolecular
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conpounds which are added at_|east partly in the solid
suhsaqeendhyeexinedad. dhegasyiingisolid syas drgd sirkARSE 1F 16 hours

(overnight) and calcined at 300 °C for 1 hour. The catalyst was sulfided and

tested using the procedure from Diesel test procedures D1 and D2.

Example A (Nil.5-Mol R2 90°C)

[0085] 35.3 g of ammonium heptamolybdate (NH,)sMo07024*4H,0 (0.2 mole
Mo, ex. Aldrich) 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). 35.3 g of nickel hydroxycarbonate 2NiCO;*3Ni(OH),*4 H,O (0.3
mole Ni, ex. Aldrich) were suspended in 200 ml of water, and this suspension
was heated to 90°C (suspension B). Then suspension B was added to solution A
in 10 minutes, and the resulting suspension was maintained at 90°C for a period
of 16 hours with continuous stirring. The yield was about 85%. The obtained

filter cake was extruded (with 10 wt.% binder), dried, calcined and sulfided as



solid netal conpounds added during the process of the
i nvention can be determned by filtration of the
weuspaiei3sn(s) to be added under the conditi onBCTuSEZI06/041527
are applied during the addition (tenperature, pH,
pressure, anmount of liquid);36n such a way that all
solid material contained in the suspension(s) is
collected as solid filter cake. Fromthe wei ght of the
d%?érit%d%g Ryfé fled Ua%%&stw nd tdifedBdifl 'th@fordc’é@u&ofrbﬁl Diesel
conpoun S can be determ ned by Standard
tése phodeduesD20f course, if apart fromsolid netal
conmpounds further solid conmpounds, such as a solid
bi.nder, are present in the filter cake, the weight of
his st L e Qﬁu&nder nmust be subtracted from
g} /= and dried filter cake. The
anmount of solid netal compounds in the filter cake can
al so be determ ned by standard techni ques such as
[6088]i C Ahfaidl?itl Wik pﬂé@ﬁtdd%&tdsynbé‘d\ﬁi Ex¥iple Wetxcept that the
chem cal anal ysi s, | CP.[0081] If the netal
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at half"maximumis the full width at half maxi mum (in

terms of 2Qscattering angl e) of the peak at 2Q= 53.6

(0.7) and_at_2 35 (Q. (). For the deternination of
14 ' ttern, a standard

[0087] A catalyst was prepared as described in Reference Catalyst 1, except
that only one Group VIB metal component was applied: a catalyst was prepared
using 28.8 g of molybdenum trioxide (0.2 mole Mo, ex. Aldrich) and 35.3 g of
nickel hydroxycarbonate 2NiCO;3*3Ni(OH),*4 H,O (0.3 mole Ni). The yield
was about 98%, based on the calculated weight of all metal components having
been converted to their oxides. The obtained filter cake was extruded (with 2.5
wt.% binder), dried, calcined and sulfided as described for Reference Catalyst 1
and tested using the Diesel test procedure D1.

Reference Catalyst 2 (Ref 2: Nil-Mo00.5-W0.5 R3 90°C)

[0088] A catalyst was prepared as described for Reference Catalyst 1 except

that lower amount of Ni was used. The catalyst was prepared using 14.4 g of



powder diffractoneter (e.g., Philips PW 050) equi pped

Wi th a graphite nonochromator can be used. The
worewEsesent conditions can, e.g., be chosen aBCT/US2006/041527
follows: X-ray generator settings: 40 kV and 40 nmA;

wavel ength of 1.5418 angstro¥b: divergence and

anti-scatter slits: v20 (variable); detector slit: 0.6

nm step size: 0.05 (2Q; time/step: 2 seconds. As
MbOSEE.3 §olelNIB, Bkl Alderh! 250 ghﬁstuﬁ%stiflﬁﬁ?( HWER/(0. 2mole W,

hexagonal structure characterized by -ray
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both the first and second netal conpounds are at | east
partly solid during the reaction. R2 nmeans a reaction
T out rai \ﬁ eOJ e first or second netal

=t tly solid during the reaction;

if nore than two netals are present in the synthesis

m xture, the nmetals other than the first and second
[0089%! cAarmepsisyaaprepered dshivscebed éasCatabyst Exaagile d, except
during the reaction or dissolved. R nmeans a process
thetenty anaGroveVAB wetal semmosent wagl useds aeatalyst was prepared

L e G Sebi 5 B S5 b
YRR chlibnd P RHCORS (TR AL 10,3 (b MD: TREHiNAS
abOWIFESY, ePaded! dn Wetaldutated vidighicef 41l pftal chhgpasliedschaving been

hydroprocessing test results are given in Table 9
cotresrtadtorbair anxadd RWAT ler ebtaiedtfilter cakleovas exdrudeid (witnd.5 wt.%

binded), dried. ealdihed and sulfided ss dRerbed $h RefORneS EXAmplS R1 and

tested using Diesel test procedure D1.

Example E (Ni0.75-W1 R3 HT 150°C)

[0090] A catalyst having a Ni/W molar ratio of 0.75 to 1 was prepared‘in a
manner analogous to what is described for Reference Catalyst 2, except that the
reaction was carried out under autogenic préssure in an autoclave at a reaction
temperature of 150°C and that the reaction time was about 6 hours. 1.76 g of Ni
carbonate (0.015 moles Ni) was added to 100cc of water along with 4.99 grams
of tungstic acid (0.02 mole W). The suspension was put into a sealed Weflon™
vessel of 275cc total volume and heated at 10°C/min to 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



total catalyst anmount |oaded in the reactor. HDN is

hydr odeni trogenati on and HDS i s hydrodesul furization.
woheotosed3s were performed using two di fferent PCT/US2006/041527

tenperature and pressure conditions 1 and 2. The

postfix 1 or 2 (for exanpl e-388-RWAl and RWA2) refers

to the test condition 1 and 2 respectively. The RWA

HDNI results are not shown because the nitrogen | evels
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catalytic activity between sanples. Further, the

residual nitrogen and sulfur levels after the
e _deterym ned and given in Table 9
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di esel test procedures were used indicated as D, D2,

D3, D4 and D5. The RWA/ RVA val ues of the reference
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of 16 hours (overnight) wth continuous stirring. At
thenerogpdurerfremiLdiesel test procedure D3.
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Example G (Ni0.5-W1 R3 HT 150°C)

[0092] A catalyst was prepared as described in Example D, except that the
Ni/W molar ratio was 0.5 to 1. 1.17 g of Ni carbonate (0.01 moles Ni) was
added to 100cc of water along with 4.99 grams of tungstic acid (0.02 mole W).
The suspension was put into a sealed Weflon™ vessel of 275¢c total volume and
heated at 10°C/min to 150°C and held at that temperature for 6 hours with
continuous stirring. The sample was cooled to room temperature and the solid
filtered and dried overnight at 120°C. The obtained material was wet-mixed with
10 wt.% binder, extruded, dried, calcined and sulfided as described in Reference

Example 1 and tested using Diesel test procedure D4.

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




time, the suspension was filtered. The yield was above
98% (based on the cal cul ated wei ght of all netal
woaogasessss havi ng been converted to their oxi #eTS200b041527
obtained filter cake was wet-mxed with 2.5 wt.%of a

bi nder (based on the total we$ght of the catal yst
conposition). The water content of the m xture was
adjusted in order to obtain an extrudable m x, and the

m xture was subsequently extruded. The resulting solid
was dried at 1200C for 16 hours (overnight) and-
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900C) [0086] A catal yst was prepared as described in
Exanpl e A, except that the only one Goup VIB netal
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[0094] A catalyst was prepared with Ni to Mo to W molar ratio 1 to 0.5 to
0.5. 2.35 g of Ni carbonate (0.02 moles Ni) was added to 100cc of water along
with 2.5 grams of tungstic acid (0.01 mole W) and 1.44 g of MoO; (0.01 mole
Mo). 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 under
autogenic pressure 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 catalyst was sulphided and tested using the Diesel

test proceduré D3.

Reference Catalyst 3 (Ref 3: Nil- W0.5 - Mo0.5 R3 95°C)

[0095] 188 g of nickel hydroxycarbonate 2NiCO3*3Ni(OH),*4 H,O (1.6

mole of Ni) were suspended in 8000 ml of water and the resulting shurry was



(NH4) H2W 2040 (0.2 nmole Wb ex. Strem Chemical) ) and
35.3 g of nickel hydroxycarbonate 2N CO3*3N (OH) 2*4
wol2W7(080633mol e Ni ). The yield was about 97% bacEasee/ 041527
the cal cul ated weight of all netal conponents having
been converted to their oxidé8- The obtained filter
cake was extruded (with 10 w. % bi nder), dried,
cal cined and sul fided as described for Reference
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citodrd naaline s oS o RS e SR P
90C : r '
REHAHEG Bl EbOY Tne i BRER SR FOURSTE APOpitsn
RBoH AL isdREe By Mevile. G maRHal fds WdmanlpHidéd@nd tested
of MOG3 (0.1 nol € My, ex. Aldrich), 25.0 g of tungstic

vainigdthelDie¥el (t6st provddar\Dex. Al drich) and 23.5 g of
ni ckel hydroxycarbonate 2Ni CO 3*3Ni (OH) 2*4 H20 (0.2
mol e of Ni, ex. Aldrich). The yield was above 98% The

Foxg a’llnzzlﬁj Iyszzrgg’cg@]v\as dried overnight at 1200C. The
Gtarh s wet-mxed with 10 wt. %

bi nder, extruded, dried, calcined and sulfided as
described in Reference Exanple R | and tested using

[009Giel 3®E6tg of mogstic acidE3, WY (D2 mole W) was slurried in one liter
of water together with 23.5 g of nickel hydroxycarbonate 2NiCO;*3Ni(OH),*4

H,0 (0.2 mole of Ni). The suspension of the 2 solids Was heated to 90°C and
" held at that temperature for a period of 20 hours (overnight) with continuous
stirring. At the end of this time, the suspension was filtered. The resulting solid
was dried at 120°C for 16 hours (overnight). The resulting solid was pelleted, the
pellets were crushed and 40-60 mesh and the fraction was isolated by sieving.
The material was then calcined at 300 °C for 1 hour. The material was then

sulphided and tested using the Diesel test procedure DS5.

Example K (Nil - W1 R3 HT 125°C)

[0097]  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



Exanple D (NU.5-WL. R3 900C [0089] A catal yst was

prepared as descri bed for Catal yst Exanple 1, except
wohei7/080d3y one Group VIB netal conponent was UBEWUS2006/041527

catal yst was prepared using 50.0 g of tungstic acid

(0.2 mole W ex. Aldrich) and;;35.3 g of nickel

hydr oxycar bonate 2 Ni.CO3* 3Ni (CH—|)2*4 H20 (0.3 nole N ).

The yield was about 99% based on the cal cul ated
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floeedwsdefisi on was put into a seal ed V\éfl on(tm vessel
of 275cc total volune and heated at 10C/min to 1500C
and held at that tenperature for 6 hours with
ont i t T npl e was cooled to room
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r%%%@a{ fslm;?\%aisa[lﬁ)él? %q{o%gs 32539 gso%fﬁlbc%gbonatgi((? HB moles Ni) was added
to 100cc of water along with 4.99 grams of tungstic acid (0.02 mole W). The

suspension was put into a sealed Weflon™ vessel of 275¢cc total volume and
heated with microwave radiation at 10°C/min to 150°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

for 1 hour. The material was then sulphided and tested using the Diesel test

procedure DS.

Example M (Nil - W1 R3 HT 175°C)

[0099]  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



Ni /Wnolar ratio was 1 to 1 and that the reaction was

carried out under autogenic pressure in an autoclave
wabko@/oseasst i on tenperature of 1500C. 2. 35 g of POr/US2006/041527

carbonate (0.02 noles Ni) was added to | OCcc of water

along with 4.99 grans of tunggtic acid (0.02 nole W.

The suspension was put ‘into a sealed Wflon(tm vessel

of- 275cc total vol une and heated at 10C/ min to 1500C
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Veef | on(tn) vessel of 27500 total volune and heated at
enperature for 6
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[081001 xed 48.7 B ofQungsti dvid $BW OgX0.196 edoledWi) @ehs slurried in one
cal cined and sul fided as descri bed in Reference

litgraeipwater tegetheroyith @ 3w B od nixleod diy drasstcaghanséiur e D4.

2R ?ﬁ%s&‘&éﬁﬁ“g‘ﬂ&w@gw? qﬁ?ﬁra}nﬁ@%@ éﬁ& BikA2RP0.005
J5ER e AR U SO B g

t&thpefati@arfbpa pefiod OfQD aure §oMérhighay wittidemtinaohOskigiry. At the

wat er
end of this time, the suspension was filtered. The resulting solid was dried at

120°C for 16 hours (overnight). The resulting solid was pelleted, the pellets were
crushed and 40-60 mesh and the fraction was isolated by sieving. The material

was then calcined at 300 °C for 1 hour. The material was then sulphided and

tested using the Diesel test procedure DS.

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

[00101] 47.4 g of tungstic acid HyWO, (0.19 mole W) was slurried in one
liter of water together with 23.5 g of nickel hydroxycarbonate '
2NiCO3*3Ni(OH),*4 H,O (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 resulting solid was dried at

120°C for 16 hours (overnight). The resulting solid was pelleted, the pellets were



along with 4.87 granms of tungstic acid (0.0195 nole W

and 0.08g of niobic acid (0.0005 noles Nb) (ex. CBBM
woOnrgsed3es) . The suspension was put into a seBCEMS2006/041527

Veflon(tnm) vessel of 275cc total volunme and heated at

10C/ mn to 1500C and held at43 hat tenperature for 6

hours with continuous stirring. The sanple was cool ed

to roomtenperature and the solid filtered and dried
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M to Wnolar ratio 1 to 0.5 to 0.5. 2.35 g of Ni
carbonate (0. 02 nmoles Ni) was added to | OCcc of water
g = AGH acid (0.01 nole W

The suspensi on was

put |nto a seal ed V\éfl on(tn) vessel of 275cc total
vol ume and heated at 10C/ mn to 1500C and held at that

[00303¢r at uré.2up oétunpstiogeid Hr WRs@ul & mele 8V hwes slumried in one
h?e@%%%’ﬂ?oéﬁi%%ﬂyégf af‘%'&_’l%'fsﬁh SRR over ni oh
Sie2 B TR #1181 0P LG 2 PobR ShiPaci 0.1

mo%é bR ArHysus P@Hélﬁﬁ ofﬁ‘&% ¢alidd wab heaedy I9|om: %@ IiwMd at that

tested using the Diesel test procedure D3. Reference

tegteahtyst f@ o ﬁmﬁod%of R0 hou(oFernijght) vﬂt}R@omqmmmgsat the
ni ckel hydroxycarbonate 2Ni 3*3
eqqo%%rlw%ihqupmlen mp@%é The 9 maogifcf s died at

A R e PPN e e o

cﬁlb}H&f’ hhe 49-‘60%1% {1 BadmdrLwhk idtated YASEyiABIThE taterial

resulting slurry wa
was then calcined at 300 °C for 1 hour. The material was then sulphided and

tested using the Diesel test procedure D5.

Example Q (Ni1W0.975 Nb 0.025 HT 150°C)

[00103] The catalyst was prepared under autogenic pressure in an autoclave
reactor heated with microwave radiation at a reaction temperature of 150 °C and
reaction time of about 6 hours. 2.35 g of Ni carbonate (0.02 moles Ni) was added
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



heated to 95C and mai ntai ned at that tenperature for a
peri od of about 24 hours with continuous stirring. At
woheo7@aek3sf this tinme, the suspension was filteceas200he41527
obtained filter cake was wet-m xed with 10 wt % of a
bi nder (based on the total wd#ght of the catal yst
conposition). The water content of the mxture was
adjusted in order to obtain an extrudable m x, and the
foi Khoue, TiRsSmatdd s GHethéy sxﬁ?h{dé@%d t&hied fu@ﬁié ﬂ'l'&r]:gle§61| test
was dried at 1200C for 16 hours (overnight)
peegedune®S5at 300 OC for 1 hour. The extrudat es vvere
crushed and 40-60 nesh fraction was isol ated by
si-evi ng The materl al was then sul phided and tested
J : b Example J
: p or—t ungstic acid H2WH
(0.2 m)le W was slurried in one liter of water
together with 23.5 g of nickel hydroxycarbonate 2N CO
[ 1] ( OH) Thedcakid@st(Waprephredaindsic putopeaicpiesansiinanautoclave
t he é_'sol | ds_was heated to 9C0C and hel d at that
reacHp eIt Withonicaoaye eadisionat aeeackion demparageme)ofi X0°C and

 rGRBBhR e dhatns RlwsersSHef M sfbonls @97 Bkt R vagadded
1 00 DEVhRE aﬂctﬁ@e%% 14 n% Sﬁfu)ngsﬁg ol f@%{g @gﬂé@h&d

was pel | eted, peIIet were cr

0d6dzrahs dffrobicaitide® 00 b avaleeNb)yThe evipegsiohhead plitShich
was_ t hen %JI cined at 300 OC for 1 hour. The materi al
segded Wedlons | yasseleef 2id¢citetsl mlum nlgd hh@tedmaéé 87Cmaigtto 150°C

okl B R or Bt R B St i & %‘EﬂtHﬁ’é’Hﬁé PRk < 18 Sfnple
S e B R BB
217°Chﬂ“¢mtotﬁalhed meatetlalBvagpelletdd, marﬂeue@tx@en(eocra%éméxﬁmo 60

g was added
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 D5.

Example S (Nil-W0.925 —Nb 0.075 R3 HT 150°C)

[00105] The catalyst was prepared under autogenic pressure in an autoclave
reactor heated with microwave radiation at a reaction temperature of 150 °C and
reaction time of about 6 hours. 2.35 g of Ni carbonate (0.02 moles Ni) was added
‘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



to | OCcc of water along with 4.99 grans of tungstic

acid (0.02 nole W. Thesuspension was put into a
woeal7adoddef | on(tm) vessel of 275cc total vol unmeCcaws2006/041527

heated with m crowave radiation at 10C/ mn to 1250C

and hel d under autogenic pregSure at that tenperature

for 6 hours with continuous stirring. The sanple was

cooled to roomtenperature and the solid filtered and

) B AR A R A 8T RS e
p&@@dﬁk@]ﬁs\(\as |soI ated by sieving. The material was

then calcined at 300 OC for 1 hour. The materi al was

t hen sul ph| ded and tested using the Diesel test
- W R3 HT 1500C) [0098]

‘ / < : nhder aut ogenic pressure in
an aut ocI ave reactor heat ed with mcrowave radi ati on
at a reaction tenperature of 150 OC and reaction tine

[ommout @ofwglrcﬁ‘tu%)C &I@HZWOWG DbongleeW() dvdd%iRiedsin one

was added to water along with 4.99 grans

hdrfr afumatst tagetldrdvith 265 gnlf aiokel hjrdmmalpk@nnateon was put
' n 275cc total, volung

zﬁé&%ﬁi@ﬁ&*ﬁcﬁ (é)&dn%‘él\ér%}iﬁét 1148 suspansapRPf they solids was

T S Y e R e P

céﬁ‘ﬁ&ﬂlcﬁlsvﬁﬁnﬁg OAgthd éhd SO GRS TR éifsgeﬁiénwh% 9igdred. The
filtered and dried overnight at 1200 The obt ai ned

resalting solidwvas deicdett d@0°C fier behbetsy owermglet) LEhe cesattihg solid
40-60 nesh fraction was isol ated by sieving,

Th
vageHeted, hespellsis wese erushed and 400 bmesh and %h% ﬁiagti% avas

REE b i, DRE R SRS TR 10U e The

nﬂa?é@a@)wa{sol%%ﬁ]sugl’ﬁdé&ﬁﬂ i@ied"\?ssmgﬂgoﬁ‘i&@l #3€lBfocedure D5.

aut ogeni c pressure 1 n an aut ocl

Example U (Ni 1.5 - W1 R3 HT 150°C)

[00107] The catalyst was prepared under autogenic pressure in an autoclave
reactor heated with microwave radiation at a reaction temperature of 150°C and
reaction time of about 6 hours. 3.53 g of Ni carbonate (0.03 moles Ni) was added
to 100cc of water along with 4.99 grams of tungstic acid (0.02 mole W). The
suspension was put into a sealed Weflon™ vessel of 275¢cc total volume and
heated 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 DS.

Example V (Ni0.9- W1 R1 90°C)




reactor heated with mcrowave radiation at a reaction
tenperature of 175 OC and reaction tinme of about 6
woaw795063335 g of Ni carbonate (0.02 noles N ) P@@aIS2006/041527
added to | OOcc of water al ong with 4.99 grans of
tungstic acid (0.02 nmol e W-4Thesuspensi on was put
into a sealed Weflon(tn) vessel of 275cc total vol une
and heated at 10C/ mn to 175C and hel d at that
[Mﬁm?r at ure. @of AniRoHiGmnkthtGRstate 0 2Smdld W) Wwere dibsdlved
e was cooled to roomtenperature and the solid
irf 80 mlelf veatdr gdiviiegl a(sohltmngifta pH af2000t 5 Phd oothisasoleton, 0.4

igkBol HEEORMRINI AR SCH S5 b G € s ng e 8 PH increase
FRREES TES DRESTrEhPRR B ad e el 49,8 tkgnd SBtution

r
Vgl dent aoren £ VBT R s 0N 405 e

nlef vesendihe stjlutiars wab mnaintathddnat8CI (sokrtionfB wattodation B was

toget her  with 23.5 of nickel hydroxy carbonate
@dfzswr@m)lsezﬁmsqlnmq 3 at mt%og? ml%jnnan DSUSPERSIRE éat formed

vl St T S0 Sotn B oTRaE R mpellfng N B ERb Al G The
mafdridd vPa%rﬁl?&eefho@ AndQviea lﬁ (ﬂi’lea[trl'ZQ)hC)ov‘%ﬁlﬁhF OHe GWiaitRd

stirring he end of he sispensi on was

nfatdria&m pe]]’wed eheiptilety vmi:é cmsﬂwael addl4ékd6@me‘shcw&tfomrwas
16 hours_ (overni ght% The resulting solid

isplatedby élthﬂl@ T metesiahvas then salsincdrat 399 Bblarelshouindhe

e. fractj SI e teri,a S
mpiigial saie AR RIS EA st i Bigsdl ol Biebn RS
t hen sul phided and tested using the Diesel test
procedure D5. Exanple O (Nl - W.95 - No 0.05 R3

EQ486)e ZWOQLUD9 - AV1 RIgHAf 1509aystic acid H2WD4 (0. 19 nol e
W was slurried in one liter of water together with

23.5 g of nickel hydroxycarbonate
[00109] The catalyst was prepared under autogenic pressure in an autoclave

reactor heated with microwave radiation at a reaction temperature of 150 °C and
reaction time of 30 minutes. To a solution of 10.48 g Ni nitrate hexahydrate
(0.036 mole Ni) in 100cc of water was added 9.86 g of ammonium

metatungstate (0.04 mole W) and ca. 6 ml of ammonium hydroxide solution
(0.08 mole NH4OH). 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 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 D5.

Example X (Nil- W1 R2 90°C)




2Ni CO 3*3Ni (OH) 2*4 H20 (0.2 nole of Ni) and 1.6 grans
of niobic acid (0.01 noles Nb). The suspension of the

w0 2elosas3was heated to 900C and held at that PCT/US2006/041527
tenperature for a period of 20 hours (overnight) wth
continuous stirring. At the-4nd of this tinme, the
suspension was filtered. The resulting solid was dried
at 1200C for 16 hours (overnight). The resulting solid

el | et t e@k}ﬁ
[Qﬁgl(ﬁhe fr@g% fgodr}]ea \E\Iggb#lsgl?gﬁ%}ﬁ%&gée [ n‘ggnggn%{(g%%gIOle W)
W@ did¥elvedah@ores] dlater08ivikg heblutidnowith aljig ofabeni S at room
was then sul phided and tested using the Diesel test

tmgpc%aﬂmee'gbg solﬁxi%a)npva fubspiuenity. lozsedy E7GRBIGOAN)23.5 g
skt iy g cArbopale TRRaDs SUEIDe S bt gy Rif ke

sHanchl it 200 RS PP AT R Rebbhii iR e e s
(SBpeAsiDRIB). Then SHSRABRINOB vods dd#edIoselutién Mda loeaimdes, and
to"900C and held at that tenperature for a(gerl od of

tROrdsaltine {uspension iwds maintainedai 9QR6Lrst periacngfl 1@houtsevith
end of this tinme, the suspension was filfered. The
coatinneysgirsiaei Thosesuitingsolid wes dpiedrat 1208 (fo%,} § hours

over ni T resul.tin L ] I

(BRI eresri ot ARt bR PelE oSl gna 40-60
SR wos RY1EEBY Abvidd eriBhatdrll WishéRShlphided and

cal cined at 300 OC for 1 hour. The material was then
testedphsidg dhaDdedeb sdsepracedage De Di esel test procedure
D5. Exanple O (N IWD 975 Nb 0.025 HT 1500C) [00103]
The catal yst was prepared under autogenic pressure in

nalit \1e_ aj ted with mcrowave radi ati on

f 150 OC and reaction tine

of about 6 hours. 2.35 g of Ni carbonate (0.02 nol es
Ni) was added to | OOcc of water along with 4.87 grans

[001X1Jngst ThearialytOvaxlSizparddeunter antbgenic pressure in an autoclave
reactor heated with microwave radiation at a reaction temperature of 150 °C and

reaction time of about 6 hours. 3.52 g of Ni carbonate (0.03 moles Ni) was added

to 150cc of water along with 7.40 g of ammonium metatungstate (0.03 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 150°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

for 1 hour. The material was then sulphided and tested using the Diesel test

procedure D5.

Diesel Test Procedure D1




0. 080 granms of niobic acid (0.0005 noles Nb). The
suspensi on was put into a sealed Wflon(tn) vessel of
wazbwoseasal vol ume and heated at 100/ mn to 1BOD@Sa06/041527

held at that tenperature for 6 hours with continuous
stirring. The sanple was coe#&d to room tenperature

and the solid filtered and dried overnight at 1200C.

The obtai ned material was pelleted, the pellets were

(68141°d antheAnA0sRNThEAE] PR dUAR-OW @b acter. Bach

SI eving. The material was then calcined at 300 OCior 1
réqutor tubbeontingd B nast dabeinstanixeldiwithl an I&Qualeﬁhednmﬂi Si¢C
the Diesel test procedure D5. Exanple R (Nl - W).95
pridenand smdwichgbbewgendayerp 0f|$écm1ét¢19%tBQ@§e being tested,

o AR AR RGPS RO I E o
I e e

saldgedoritent 6133 ¢ vaf Yondthe prédudfidedvcatalystsidet then tés‘ted in the
tungstic acid (0.019 nole W and 0.16 grans of niobic

hydiadreating®f andibss] fagrjstocknkaving pampiopertissshewn imEablg 1.
‘seal ed Weflon(tnm) vessel of 275cc total vol une and
heated at 10C/ mn to 1500C and hel d at that
tenperature for 6 hours with continuous stirring. The
sanpl e was cool ed to room Tablect ature and the solid
filtered and dried overni ght at 1200C. The obt ai ned
mat er ifal— wWas pelteted, the pelfers I T

40- 60 {mesh fraction was isolated b %@?ﬁhﬁﬁﬁﬁ%ﬁeg
mat er i zgulm%oh A (%atg! ned at 300 0C for 3 hpur. The
materijal was then sul phided and tested using the

Di esel| Nitwigep contedt (jgprst) Exanpl e (S (Ni | - W6925 - Nb
0. 075 |[R3-HT 150C) [00105] The ¢

under |aut ogeni c pressure in an autlocl ave reactor

heat eclﬁﬁ—h—m—erowa(dc adi-atton—atT—a reactizon
t enper MORQ AFMAUIS BWhhnd 16.5

Di-aromatics (%owt) 10.8
Di+-aromatics (Y%owt) 0.8
Total aromatics (%wt) 28.1

Simulated Distillation ASTM-D 86

Initial Boiling Point 184
5% Volume ("C) 218.6
' 10% Volume (°C) 231.1
20% Volume ("C) 250.9
30% Volume ('C) 264.8
40% Volume (°C) 276.4
50% Volume ("C) 286.8
60% Volume ("C) 298.1

70% Volume ("C) 309.7




reaction tinme of about 6 hours. 2.35 g of Ni carbonate
(0.02 noles Ni) was added to | OCcc of water along with

wa 262/0g0a38s of tungstic acid (0.0185 nole W ardT@s2606/041527
grans of niobic acid (0.0015 noles Nb). The suspension
was put into a seal ed Wefl o%1) vessel of 275cc.total
vol une and heated at 10C/ mn to 1500C and held at that
tenperature for 6 hours with continuous stirring. The
sanpl ‘—80@@ aghe@ o room tenperafure angjghe solid
filte dried overnight at 1200C. The obtai ned
materi 8 [)%/\Ns)lmﬁbl(ﬂ)ed the pelletd were @4fshed and

40-60|lnesh fraction was isolated Ry sieving. _The

mat er | Qﬁ%\HglumeﬁQ)al ci ned at 300 |0Cf or ﬁ@@ijr. The
nat er II\- uuu uﬂﬂl tf\DL CU u LII'C

Di ese F@@%P ?&H}té . Exanple|T (N | °§73\,§ R3 90)C
7 days)y—{061661—500 g of tungstic acid FH2WoA—< 0.2
nmole W was slurried in one liter of water together
[0811B]-23. 5The chtahystkwlerdtastaakyndearthe trarbecopitas  ikiviOs) Table
2*4 H20 (0.2 nole of Ni). The suspension of the 2 -
250l ids was heated to 900C and hel d at that tenperature

for a period of 7 days with continuous stirring. At

the end of this tinme, the suspension was filtered. The
resulting solid was driedp{pd30C for 16 hours
(overnight). The resulti ng'm‘l'd vvas peI I et ed t he

pe' et s—were—erushes U1 l.lu t Fack-on
wa$ isol ated by sieyi desﬁﬁgl%t ef{ t|h&rpndition 2
calgine gCfjor—t T ralwas en
su@ﬁ‘ ed&gﬁgtbpgst ed usi nggll%?he D esg? ?est procg gre
D5, PRRIRI @ (N 1.5 - VBoR3 HI| 15049 [00107] Jdine

catal yst was prepared under autopeni c pressjure in _an
aut Bk lta\vél madiaqNif) heat ed 200t h ni crowd0@ radi ati 800at a
reaction tenperature of 15Q0C and reaction

time of
abpLHSV Kbls. 3.53|g of WO carbpnat @Q0. 03 nol ds5Ni)

was—atded

Diesel Test Procedure D2

[00114] The catalyst was loaded into the reactor in a manner analogous to
what is described in D1. Before being tested, the catalysts were presulfided via
liquid phase presulfiding using the feed described below in Table 3 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 3:



to | OCcc of water along with 4.99 grans of tungstic

acid (0.02 nole W. The suspension was put into a
woeeeal7@doddef | on(tn) vessel of 275cc total vol uneCaE2006/041527

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

tenperature for 6 hours w tdo@onti nuous stirring. The

sanpl e was cooled to roomtenperature and the solid

filtered and dried over ni ght at 1200C. The obt ai ned

mat eri al was pell et ed, GT@ o$ts were crushed and

40- 60 nesh fraction was i by sieving. The
mat eri,al _was then calcined at-300 0C for 1 heur

mat er i aI vvas t hen suI phi ded and t sGé&Q@F\%E]PwCK

DBl

Di esel EAQIIPIT\VI (Nl O ; W—R
6&3
(

9000) [ @Iﬁ@]comnﬁéiw anm)nl um neft at ungs 0.2

nol e Wapere i 800 m o}{’—l_‘_vva er gsving a
sol utl\g\gﬁrgfgegcﬂf}fegﬂﬁ out” 5.2. To this sol gti on, 0.4
nol es [of amoni um hydroxi de (ca. 30 m) was added,
resultfing in a pHincrease to abo 9.8 _This solutilon

was heaedo ko4 @swtution A). second 16 uti on wWas
prepaned by dissolving 52 4 g N nj

(0.18 rBlI-arOMa)tlcSrﬁ%Wt)m of vvater

mai nt a-ped—at—900Cc{solut+on—Br—Seotut+ unn(?‘,uzvvab acdded

dr opwi 5@4'1'@0&?}"19@\(@( at a rate (‘;}f 7 m/ The

suspef § wWas - stiTred for 30 ut es
whil e tbft?zjt atlc?&!&‘% S maintained at 9 ép The

he sol ddibn” was

)

mat erifal was filTtered hot and dried in air at 1200C
overni ght. The obtained nmaterial was pelleted, the
pel | et SiuRMNLtedr DEMhtRMASTMIDB&Eh fraction was
i sol atted by sieving The material | ' at
300 O(‘IﬁmalenhngPomte material wals then S]Lﬁophi ded and
t est ed '0'°' .n” the-—pPresel—test—procegurebB5fxanpteV
(Ni 0. 9 5% \No mnerﬁéisoo(:) [00109] The catal was
pr epar togeni cpressure N an a [ave
react ¢ Wéé’l"z‘a%* ﬁym crowave radigtion atL%e?Cr eaction
t enpernaiuy Qlo%m%@cpc and 250

30% Volume ("C) 262

.40% Volume (°C) 273

50% Volume ("C) 284

60% Volume (°C) 295

70% Volume (°C) 307

80% Volume (°C) 321

90% Volume (°C) | 341

95% Volume (°C) 345

Final Boiling Point ("C) 354

[00115] The catalysts were tested under the two conditions shown in

Table 4.



reaction tinme of 30 mnutes. To a solution of 10.48 ¢
Ni nitrate hexahydrate (0.036 nole NN) in | OOcc of
woavErseas added 9.86 g of ammoni um net at ungst aCE/US00441527
nole W and ca. 6 ml of amroni um hydroxi de sol ution
(0.08 nol e NHAOH). The suspefkion was put into a
seal ed Weflon(tm vessel of 275cc total volune and
heated at 10C/ min to 1500C and held at that
tenperature for 30 mnutes with continuous stirring.
The sanpl e was cooled to roomtenperature and the
solid filtered, washed andTdbled overni ght at 1200C.
The obtained material was pelleted, the pellets were

crughed and 40-60 mesgnh pr%g?ﬁen Wa@ohﬁgidgl; P?;O%é{?)%ﬁ%rz

sieying. The materi al ci ne
1 h)g@m 'E,ﬁa@mf@(og)l al |was t3yen sul phi dggsand |t est®ed)
usi pg the Di esel ‘test| procedure Db. Exanple|[X (Ni[- W]
R2 0PedsR0fel(baryt9. 2 g [of am#bni um pret atddngst ate (RBK)
2WL2 were dissolvbd in 8004 ,
gi v Hg,taoé,bﬂa@pl@ﬂ/l)vlth a pP90f abput QOQ at {r oom00 -

te Fhe oun v :U1"‘ s—stb et |cat ef—-to
90015@@% A). 23. %vp ni ckel ;idﬁl‘ oxygar bongte
2Ni IN(OA 2742 (U Z nole N Were suspended in
200 M of water, and this suspension was heated to
9Q0C (suspension B). Then suspension B was added to
solution Ain 10 mnutes, and the resulting suspension
Diesel festhPriceddread3900C for a period of 16 hours with
continuous stirring. The resulting solid was dried at
1200C for 16 hours (overnight). The resulting solid

I ,
(R, 08 b st ByB 50 REsk A Al Rothus o
WHIE T éésbﬁbbaiﬁsimn dBéﬁﬁé B@Img&bﬁadt fhe daﬁxyﬁb w8 presulfided via
procedure D5. Exanpl e 1500C) [ 00111]
lighiel piaisalpysstulﬁdmgpxsmmgiﬂmdfead dlescrab&cblg@nwunp'l’&lﬂe drwhich had

| a
bgenn gp%g((i: w1th dlmethyl 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 5.



react or

heated with nmcrowave radi ation at a reaction

tenperature of 150 OC and reaction tinme of about 6

wOQmw7950633 52

g of Ni

carbonate (0.03 noles N ) P@maIS2006/041527

added to 150cc of water along with 7.40 g of anmoni um
met atungstate (0.03 nole W -5The suspension was put

into a seal

ed Weflon(tm vessel of 275

cc total

vol une

and heated with m crowave radiation at 10C/ mn to
1500C and hel d under autogenic pressure at that
tenperature for 6 hours with continuous stirring. The
sanpl e was cool ed to .room tigygpesat ure and the solid
filtered and dried overni ght_at 1200C _The qbt aj ned

mat eri al wa
40- 60 nesh
materi al wa
mat eri al wa
D esel test
DI [00112] T
t ubul ar
catal yst m
and sandw ¢
being teste
l'iquid phas
Tabl e 1whic
to a total
catal ysts w

reactor.

sGpeS OFL FEEDBEQEX | et s wer

fraction was isolated by S

e crushed

vina T
V9=

and

sS{weokal ci ned at 300 OC f

g
or 11'21OUI‘

The

ther—swH-phi-ded—and—tested
q]b]r PEWe D5. Diesel Test

H 4
UST U1l

Pr ocig ure

e catatysts were tested in

a down-t1

Each reactor tube contained 10

ow
m of

X B 1edy amount of
h@gal\é&é§ﬂm%gns F\gSer)s of SiC

dpolyhecleat al ysdmatier e (BNZSU
e presulfiding using the fe
h(wia’d) been spi ked with di me

Si g7sart

| fi ded vi
ed descri
t hyl disu

cles

Bef or e
A
bed in
fide

EnO e TALGE LA 1 e hydr

dr

Tth§| €S

otr i ng

| fided
of a

di esel feed
1. Table 1]

biE properties
a/f})gl ysts were

Sh? fg 1N
t ested un

Tabl e
der the

two conditi

Sr-
Procedure D2 [00114]

reactor in

TR Sy T
OfSr-afoidtids(wi@R) € 2. Table
The catal yst was

2 [.gsel
oaded in

Test
o the

a manner anal ogous to

Simulated distillation ASTM-D 86

Initial boiling point

184°C

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

[00117]
Table 6.

The catalysts were tested under the two conditions shown in
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The catal ysts were tested as described in D3, except
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Di esel test procedure D5 [00119] The catal yst was
DiapFestiPibeeddie vg£act or in a manner anal ogous to what
I'sS described in Di. Before being tested the catal ysts
wer e presul phided via |iquid phase presul phiding using

eed described below in Table 7
[OID(I;?SI %he catalysts were tested as deSCI‘lbWH 1nhD3 except for another

space velocity in the 1** condition.

Presulfiding | Condition 1 | Condition 2
Temperature (°C) 320 330 340
Pressure (bar) 40 40 20
H, to oil ratio (N1/1) 300 300 300
LHSV (1/h) 3.00 1.50 1.50

Diesel test procedure D5

[00119]

The catalyst was loaded into the reactor in a manner analogous to

what is described in D1. Before being tested the catalysts were presulphided via

liquid phase presulphiding using LGO feed described below in Table 7 which
had been spiked with dimethyl disulfide to a total sulfur content of 3.7 wt.%.

The presulphided catalysts were then tested in the hydrotreating of a diesel

feedstock having the properties shown in Table 7:
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Table 8:

The catalysts were tested under the two conditions shown in
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(d) the catalyst is a nickel tungsten oxidic bulk
nmetallic catal yst having a nickel to tungsten nole
woabti7msed33l ess than 1.5. 2. A process accor di ngCTmws2006/041527
claim1, wherein the bul k catal yst conprises nicke
tungsten oxidic bulk catal yst particles nmade by a
process conprising: (i) formng a slurry of a first
solid netal conpound conprising nickel and a second
solid netal conpound conprising tungsten in a protic
liquidg (i) 8eB& Bng B & B StSah& 8cB8oh sol i d net al
conpou s@t el evated tenperature, at a pressure and
for a period of tinme sufficient to formthe nickel
tungst en gl kScat BBt TRd Reled SveeFeByR the first and
secondZsol@d netal conpounds renain at least partly in
the solid state during the entire reaction to formthe
ni ckel =t urgyst 8r¥ Gk FIECARRIK =Bt 315y s Sparticel es, (iii)
separaﬁ nggt t he oxidic bulk catalyst particles fromthe
slurry, and(iv) heat treating the oxidic bulk catal yst
particles it & ¥ ehReFabur & Befvigen 250 and 4500C but
bel ow t gmerature where transition to a crystalline
orthorhonmbic NN W4 structure occurs. 3. The process
accor dieng @ 0 SIRiSALRoF R FafnE s vgererm the ni ckel
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0.2 and about 1.5. 5. The process according to claim

4, wherein step (ii) is carried out at a tenperature
weahowv@sedse at nospheric boilingﬁfoint of the precTas2006/041527

liquid, and the reaction is c&Ttied out in a seal ed

vessel under autogenic pressure. 6. The process

according to claim5, wherein step (ii) is carried out

for a period of from2 to 10 hours. 7. The process

06821141 N9 110 RENItPbbialife dirkies DiBk] ¢ R pfSoeREDR! dhoWPthat the

reactiion m xture further conprises a Goup V netal in

teimetatticehtalystlobtained b Rhi thoteadctive thiwe ther mnpetdlliB catalysts

netaIsL of between about 0.1 and about 10 nole %

neepased PR3 bet ween about 1 and about 6 nole %. 8.

The process according to claim7, wherein the Goup V

nmetal is N obium9. The process according to any of

[bbfzdzaf ecedlLHégn%tSiéﬁé IBtainf el fier 31881 %k pPbcddurdBl1Show fhat a

oxi di'c bul catal yst contains substantially only

i eked sl tasbiniealleaiapal Vit biginad by RB Sitobs b aphthekisymixtine
tungsten as the Goup VII| netal. 10. The process
caotaaniograigNi to Rhynade ratieopt Sde anorg astise tanwh aickiehmahgbdenum

@%F@éﬁ%&%%%@ﬁ%?@ 3o %i{tﬁﬁﬁ?%ﬂﬁ%(ﬁlﬂ% R3¥ine a Ni to Mo
R R s A
obBatéd B R311. The process according to claim 10,

wherein the main reflections in the X-ray diffraction
pattern have a full width at half maxi rum (FWHM) | ess

(DPERNG: o e e R e Bl Tk BBl P e o show
tffar'a81i PO Bithe dfic hickef g eh Tty 1€ ith 1o WPhilie HEHENYS less

than 1 can be obtained by R3, using hydrothermal conditions.

[00124] The results obtained under Diesel test procedure D5 show that
longer reaction times are necessary to obtain sufficiently active bimetallic
catalysts under atmospheric synthesis conditions, from synthesis mixtures
containing low Ni to W mole ratios, and that hydrothermal conditions are
preferred to prepare such catalysts. The results obtained under Diesel test
procedure D5 also show that small amounts of Nb in the synthesis mixture have

a favorable effect on catalyst performance.



the bul k catalyst) of one or nore materials sel ected
fromthe group of binder materials, conventional
woydrrapsessessi ng catal ysts or cracki ng conpoun@eT/us3006/041527
process for the pre-treatnent3%f a hydrocracking feed
stream conprising the process according to any one of
clainms. 1 to 12. 14. A process for the manufacture of a
| ubricant conprising as a desulfurization step the
@%ﬂm according to any one of clainms 1 to 12. 15.
e process of claim1, further conprising retrieving

a hydrocarbon product fromthe process, the

hydr ocar bon product containing |ess nitrogen, |ess

sul f k., orA Ipeeesss forf luydrapepaessng ailyidsegaibom deed; e process
N Y ! e
dHectiod %ng)th bP aFull E25HysP ﬁfl&eloéatélgﬁg soh{esi %ﬂcﬁﬁons, the
nit o] y t he

rogenbeing I n organi‘ca -boun orm an

Hidid caaBfsbeompriaiisc Geond JIMSmees and AdGroid VB anétdl, ftierein

17. The process of claim 16 further conprising formng
the vatplyst proatuct amorphaus icatplyst ahd psovidad tlvt wherf the Granp VIB

ni tyogen. 18. The process ,of claim 17, further

reefabisi Ungen apleast @rr?gOf he feﬁﬁmnga%r&ﬁ@?n? BVt he

hydr rb . 0 i . r product

vy F omit BBl oS SEME il dga R8P T

furthigy CoRPLamiyi®has bé&palaimBmedfat GittmprEHt0ed RSIdriBan about
and (i1) hydrogénating the hydrocarbon product. 20.

The proce4908€ feomisyniltesishartdicontdetingythe deed mdhhydrogen; or
product is, recovered fromthe proc%ss fgr sto
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further caonprisi S| e ¢ t :
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oi I, (i1 yh&sdliPsiabfPdinllg Ohtalyst synthesis; or '
(d) the catalyst is a nickel tungsten oxidic bulk metallic catalyst

having a nickel to tungsten mole ratio of less than 1.5.

2. A process according to claim 1, wherein the bulk catalyst
comprises nickel tungsten oxidic bulk catalyst particles made by a process
comprising: |

@) forming a slurry of a first solid metal compound comprising
nickel and a second solid metal compound comprising tungsten
in a protic liquid,

(ii)  reacting the first and second solid metal compounds at elevated
temperature, at a pressure and for a period of time sufficient to
form the nickel tungsten bulk catalyst particles whereby the
first and second solid metal compounds remain at least partly in
the solid state during the entire reaction to form the nickel
tungsten oxidic bulk catalyst particles,

(iii)  separating the oxidic bulk catalyst particles from the slurry, and



or (iv) a lubricating oil basestock. 22. The process

of claim 12 wherein the cracking conpounds conprise
wone7msoasdr e sol ubl e conpounds cont ai ni ng phospavUSs006/041527

fluorine, or both. 23. A procass for hydroprocessing a

hydr ocarbon feed conprising contacting the feed with

hydrogen in the presence of a catalytically effective

anmount of a bul k catal yst under catal ytic conversion

Cungst el b oA g e Bt R R el < Fifoerature

nitrogen. . petween 250 and 450°C but below a temperature where

transition to a crystalline orthorhombic NiWOQ, structure

occurs.

3. The process according to claim 1 or claim 2, wherein the nickel
tungsten oxidic bulk metal catalyst has been sulfided before contacting with the

hydrocafbon feed.

4, The process according to any of claims 1 to 3, wherein the bulk
catalyst has a Group VIII metal to Group VIB metal mole ratio between about
0.2 and about 1.5.

5. The process according to claim 4, wherein step (ii) is carried out at
a temperature above the atmospheric boiling point of the protic liquid, and the

reaction is carried out in a sealed vessel under autogenic pressure.

6. The process according to claim 5, wherein step (ii) is carried out

for a period of from 2 to 10 hours.

7. The process according to any of the preceding claims, wherein the
reaction mixture further comprises a Group V metal in an amount (relative to the
total of the Group VIB metals) of between about 0.1 and about 10 mole %
(preferably between about 1 and about 6 mole %).

8. The process according to claim 7, wherein the Group V metal is

Niobium.
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9. The process according to any of the preceding claims, wherein the
nickel tungsten oxidic bulk metal catalyst contains substantially only tungsten as

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

10.  The process according to any of the preceding claims wherein the
bulk catalyst has at least in part a hexagonal structure characterized by an X-ray
diffraction pattern having a single reflection between about 58° and about 65°

and main reflections near about 35° and about 53°.

11.  The process according to claim 10, wherein the main reflections in
the X-ray diffraction pattern have a full width at half maximum (FWHM) less
than 2.5.

12.  The process according to any of the preceding claims wherein the
catalyst comprises about 0 to about 40 wt.% (wt.% relative to the total weight of
the bulk catalyst) of one or more materials selected from the group of binder

materials, conventional hydroprocessing catalysts or cracking compounds.

13. A process for the pre-treatment of a hydrocracking feed stream

comprising the process according to any one of claims 1 to 12.

14. A process for the manufacture of a lubricant comprising as a

desulfurization step the process according to any one of claims 1 to 12.

15.  The process of claim 1, further comprising retrieving a
hydrocarbon product from the process, the hydrocarbon product containing less

nitrogen, less sulfur, or less sulfur and less nitrogen than the hydrocarbon feed.

16.  The process of claim 15, wherein the feed is a hydrocarbon oil

containing sulfur and nitrogen, with at least part of the sulfur and the nitrogen
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being in organically-bound form, and the hydrocarbon product contains less than

30 ppm sulfur.

17.  The process of claim 16 further comprising forming a vapor

product containing at least one of sulfur and nitrogen.

18.  The process of claim 17, further comprising separating the vapor
pfoduct from the hydrocarbon product and conducting the vapor product away

from the process.

19.  The process of claim 18 further comprising at least one of (i)

hydrocracking and (ii) hydrogenating the hydrocarbon product.

20.  The process of claim 18 wherein the hydrocarbon product is

recovered from the process for storage and/or further processing.

21.  The process of claim 20 further comprising using the hydrocarbon
product to form at least one of (i) a fuel oil, (ii) a diesel oil, (iii) a lubricating oil,

or (iv) a lubricating oil basestock.

22.  The process of claim 12 wherein the cracking compounds

comprise one or more soluble compounds containing phosphorus, fluorine, or

both.

23. A process for hydroprocessing a hydrocarbon feed comprising
contacting the feed with hydrogen in the presence of a catalytically effective
amount of a bulk catalyst under catalytic conversion conditions, the bulk catalyst

comprising nickel and tungsten, wherein the feed contains both sulfur and

nitrogen.



