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[0001] The invention relates to a process for upgrading

Bﬁ&é&gﬁ%%onaceous feedstreans by hydroprocessi aésusn ng

Jal lic catalysts. Mre particul ar |y PCIAS2006/041527
invention relates to a catalytic hydrotreating process
for the renobval of sulfur ahd™nitrogen from a

hydr ocarbon feed such as a feed to a fuel process or a
feed to a Iubrol cat| ng 0|| pr 0Cess. The cat al IS a

G oup VIB netal. BACKGRQJND O: THE INVENTI O\l [0002]
Increasing regulatory and operational pressure has
%@%Myfor hydr ocar bons that have | ow
ogen | evels. Hydroprocessing,
whi ch involves treating a hydrocarbon wth hydrogen in

t he resence of a catalyst, is a conventional nethod
f[@ﬂﬂhﬁt eTbainventien gelates & & lpnrocnasi fornipgrasies hydmnmbanaceous
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for hydrodesul furiz as “‘wel .
Iprdcessien atfc@miambnnameﬂ prooese o'ﬁhacatalysl igladmrik catatyst
tun%m{en on al um. na tal? ted W|th a nmetal such as

ing 8 Greap VIlk mist Y& mstals hereof .  Cobal t
pronot ed nol ybdenum on al um na cat al ysts are nost
wi dely used when the I|limting specifications are

B ACREEROUND O HETNVYENITEON ckel pronoted nol ybdenum

on alum na catalysts are the nost wdely used for
hydr odeni t rogenati on, partial aronmatic saturation, as

wel |_-as hydrodesul furizati on. VO 2007/ 050633
602} d@éye@g@ggqgu latpry and operational pressure has resulted in the need

for hydrocarbons that have low sulfur levels and nitrogen levels.
Hydroprocessmg, which involves treating a hydrocarbon with hydrogen in the
presence ofa catalyst, is a conventional method for heteroatom (e.g., sulfur and

' nitrogen) removal.

[0003] Conventional hydroprocessing (i.e., known to those skilled in the art
of hydrocarbon upgrading) catalysts generally contain a Group VIB metal with
one or more Groﬁp VI 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 séhnation, as well as hydrodesulfurization.



[ 00041 One exanple of the use of a supported binetallic
hydr oprocessing catalyst is disclosed in GB 820536,
whi ch describes a process for the manufacture of

ically strong supported catal yst particles
c@ﬁ%ﬁ@&f‘fﬁs conbi nati ons of cobalt, nickel, ndGIACR2AMEMPI1527
vanadi um or tungsten. The patent discl oses a nickel
tungsten supported catal yst obt ai ned by extrudi ng a wet
cake conprising 83 w.% support material and 17 wt. %
of nmetals conpounds followed by calcination at 566C.
J0o04jar | Dnefxamiptaoftht @se opa bhpprtaddimctilli@hidiopficessing
descri bes a_ nickel tungsten binetal]lic supported

«atalyspds disslasedjn GB §20536pwhich ggseribes aprogessdopthe

t i id and, t han 40 wt, %, of i ..

Repdtic €t e Pinichly ol uppertt sarllyerbefises fmprisine
SniAEH T (OUEh, SIURG OB pdcfiipl ¥ oF cdebted The patent

diguderes achiclkedlaiygsten supported caaBss obgiredibyoexoniding a wet cake

binmetallic catalysts al so referred to as

‘comprising 82wt.% support majeriad and 43 wiiovaf metlasompoundsei r
diloges RS eaation atsob Ly Syl dfshrale phbliter sl
307 41 4 FLE; B9 RSl bimelgb Aippople ARR! factly
mvistipbaéenivkelocabormite; SitastidlaeidartdWotd thas 4alwi % dfW darrier

catalysts have a significantly higher catalytic
awrtenaltopmprisinga bpcmglazlamar afuirk abueina el and @mi n a

imlar way i,n a conparison, where the feed_contalned
Bt GRirHgmectns ByERre, dnBGRg covving 2 J5P PO SR T
I Ci . e i )
AaBiol 18 SuBRIA Cefalo Bh Ay RO B s e il Fcimerallic ptalysts
fasPtefeired ANgY Netsuppatad Ratalysts) iDulsls KnbWie tlbweer, their
catal yst out-performng a simlarly prepared binetallic
hydroptocessing paifouhanceds gananally dufetien to the badictrirmetetict | v,
binetallic byl k catal ysts, of reduced stallinity have
CRIR L8 ROTERTSRE Y o SAS 50 Pby, OB BFOup e el 5. b k
net al oxi de catal ysts conprising one or nore netals of
group VIIl and one or nore netals of group Mb in

[0905] OFod exanpky WD 004 F8I0Mdise16sed bulit b Gindti-AtalR

are prepared by controlled precipitation of netal
bydrpprocessing edtalystsorWherei the tmmetaliabulkrodtalystahave 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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(preferably ammonia) in a protic liquid, form ng an

ammoni um conpl ex of the netal and refractory oxide

RO Sot/adogsswhi ch s subsequently heated. Sim lpgihosz00861527
2005/ 005582 descri bes the use of a binetallic G oup
VIB/Goup VIII catalyst to prgpare |ubricating base

oil. The bulk catalysts are made by reacting oné solid
conmpound conprising the group VII.I nmetal and one
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-conditions, the bulk catalyst conprl sing a Group
wnqrphmsaas desaribedby XRIVemalysist al ,* wherein the catal yst
is not an anor phous catal yst and provi ded that when
the Goup VIB netal is tungsten the feed contains both
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ONe"Crys I ne p ase 1's prese
QRS thaf ﬂ'edit J6Ustlay effedtiveTephydrodarben BiyafdpRbedssing ¥ bulk
catdl yst. [0009] In another enbodinent, "the invention’
tame Gaialwﬂrom ocessing a hydrocar bon f eed by a
process-conprising contacting the feed with hydrogen in
the presence of a catalytically effective anount of a
Iy ' ¥ OF TN RJytic conversion conditions,
Mng ni ckel and tungsten,
wherein the feed contains both sulfur and nitrogen. In
a preferred enbodi ment, the hydroprocessing includes

(00084- ddhe myentunmlatemm hy&lmpmccafsmgmhydmdarbnn 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



WO 2007/ 050633 PCT/ US2006/ 041527 -4 preferably at a
hydr opr ocessi ng pressure of at |east 20 bar. In another
preferred enbodi ment, the bulk catalyst is used in a

{|r the hydrodesul furization and
hydroﬁenrtrogenatron pre-treatnent of a hydrogFgglﬁmgw“sn
feed stream or in a processyfor the manufacture of a
lubricating oil. [0010] In another embodiment, the
invention relates to hydroprocessing a hydrocarbon
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not an anor phous catal yst and provided that when t he

Grouess\bbBtherhatufactureioiys ubricatifgoilat al yst has been
mai ntai ned at a tenperature | ower than 400C from
synthesis until contacting the feed and hydrogen under
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Iminthimddodt @ temperguealosver thars400°fom syn[ﬂﬁ)@isa}nﬂl contacting
anot her enbodi ment, the invention relates to

ﬁb@f@érﬂ@dé&ydmgnamdnwatam boydrapseeessipecopdisionss
conprising contacting the feed with hydrogen in the
presence of a catalytically effective anmount of a bulk
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catalyst conprising a Goup V

Gy drocardoB foed h}r a ptbeuse rcnnmhsmgedomltaamgthe fiesid waith hydrogen in
anor phous cata st and provr ded that when the G ou
thempressnge of @ ca adly effactive amoupt of a bulk entelyat under catalytlc

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] Inanother 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 meta! 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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nmetallic catal yst having a nickel to tungsten nole

ratio of less than 1.5. [0013] In another enbodi rrent
further conprises renoving a hydrocarb

Wsa@r&@ ??%mthe process, the hydrocarbon proovlg‘g{uszooﬁmausz?

containing less nitrogen, l'ess sulfur, or |ess sulfur

and |l ess nitrogen than the hydrocarbon feed. 1In.a

preferred enbodi nent, the feed is a hydrocarbon oil

containing sulfur and nitrogen, and the hydrocarbon

prumgsten bullometllis catalyst hawing amicke! 80tupgstes nidle ratio ofbless than

preferably | ess than 10 ppm sul fur. Residual sul phur

| bvel s after hydr odesul furization treatnment with the

catal yst typically range from bel ow about 30,

preferably bel ow about 20, nore preferably bel ow 10 and
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nitrogen | evels are even r, preferably bel ow about

1By drocarbop pedductfiom thelmocab,cthe hi@rocerbon prodwct containing less

preferably bel ow about and_ nost preferably bel ow

miegen, lpﬁzﬁﬁnﬂ ,p:trr eswﬂiﬁl@wﬁ desp mifregen than therhydrocapbon; feed.
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furt her conpr ises formng a vapor bﬁll%r oduct cont ai n| ng

arefeeably beloav dlout &1 andrmesi preferably; balow gbaat Sapmwty For
i%ginréeﬂg 1ﬂuXRu¥1§]1({17r/ 18718 §§lo C-li) §%8%161é1 géls]l‘éuaﬁ nitrogen levels

below about 3 ppmwt, preferably higher hydroprocessing pressures are used of
preferably above about 20, more preferably above about 30 and most preferably

| above about 40 bar.

[0014]- 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,



-6 the vapor product is separated fromthe hydrocarbon
product and the vapor product is conducted away from
the process. [0017] In an enbodi nent, the catal ytic
ggnverfion conditions are. hydrotreating conditions
VPO or converti ng at |east a portion ofPCT/US2006/041527
organically bound sul fur and organically bound
nitrogen into hydrogen sul fi dé-and anmmoni a
respectively. In a related enbodi nent, the process
further conprises at |east one of (i) hydrocracking
aﬂﬁ\&bb%gﬁiﬁk@ﬁﬁﬁﬁ&hﬂﬂ1h&ﬁtHyH%&Q@&bﬁﬂpﬁmﬂﬁwﬁﬁdﬂ{ F
In an” enbodi ment, " t he hydrocarbon product is renove

f prodlutthis copducted awhy ifrcam thesprocessd/ or f ur t her '
processing. For exanple, the liquid product, depending
on product boiling range, is useful as (i) a fuel oil
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HYDROPROCESSI NG [ 0020] The present invention involves
hydr opr ocessi ng a hydrocarbon feed by a process
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sel ected fromnickel, cobalt, iron, and m xtures
DETAEEDDESGRIRTION 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.
SECTIONI - CATALYTIC ROPROCESSING

[0020] The present invention involves 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 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



conmponents (cal cul ated as oxi des) of the bul k netal
catal ysts conprise at |east 60 w.%of the. catalyst.
The catal yst is not anorphous, i.e., the catalyst
@&g l”é"f% at least sone crystallinity as evidenced

P action, for exanple. [0021] It haé’qgg@ﬁoo‘s’“‘“ﬁ"
di scovered t hat such a catal y7s is effective for the
renoval of nitrogen and sulTur from a hydrocarbon

feed, and is particularly effective for
hydroproceSS| n‘%df eeds contai ning both njtrogen and

sommenentris selegtedfrom micksl, cobalt, mm@wm&&@a@f The metal
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effectlve hydr ocessl condi t1on The tont act
talnlbasmdn@cgrsmmﬁqemdmddb @@Rﬂ)ﬂdlfﬁ'ﬁd‘lﬁmbtb%xm
hydr opr ocessi ng cat al yst produces at |east a Iqu|d
hydrocarbon product having | ess nitrogen, sulfur,
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hydfo@ﬁwdaﬁng&uéﬁs%ﬂtaﬁmngmwmmdgeﬂ ahé edu#. "The eléntadtRpdss

boiling fromthe naphtha boiling range to heavy
thechjatroearbonangons feedstaeam wiithsthe hulk metad hydeoproedssing catalyst
S i Ve ST e AR B Sy s e
0 : | f e
Fnsritod Bk RARe hyBRbrodlin SOnGHRHY, Tho tonBitting Bt e

hy@ouﬁi'b@ﬂatfb’mb tféxistréarf Seth thedhulis aivtal lﬁ@opﬁbed‘sit@ catalyst
waxy

heavy gas oils, raffmates, lube oils, cycle oils,

pradycesaatdeashe liquidhydrooarbpn pyeriust heving lessadtrogem snkfit, or
ﬁotﬂt ain ca&gﬁegan({s such as nitrogen and sulfur,
POSOHRRT &% y-bound form Feed nitrogen content
can range from about 50 wppmto about 5000 wppm
nitrogen, based on the weight of the feed, or about 75

[0022] t o Thieydrdtacbosfesd i 4 nagerial compgising hylditgwwand ét&bon

about 700 wppm nitrogen. The nltrogen appears as both
ﬂhatsiswbmaedwghdm*eﬁdcﬁm crodepasdess ol frauszocends) fiam coal

llquefac’aon, shale oil and hydrocarbon synthesis. Hydrocarbon feeds include

feeds boiling from the naphtha boiling range to heavy feedstocks, such as gas
| oils aﬂd 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



nitrogen species. Exanples of basic nitrogen species
i ncl ude qui nolines and substituted quinolines, and
exanpl es of non-basic nitrogen species may include
rzp@ﬁd%btﬁ:? and substituted carbazol es. [0024] ngl‘ﬁgm 6/041527
sul'Tur content generally ranges from about 50 mppnIPo
about 5 wppm based on the weight of the feed, or from
about 100 wppmto about 5000 wppm or from about 100
wppm t o about 3000 wppm Feeds subjected to prior
processi ng, such as_separatiqn, extragtion,

BiEeRT PEEiss; Fyamples of bagie nifogen spegiesinelade ayinoliges and
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such as sinple aliphatic, naphthenic, and aromatic
mer captans, -sulfides, di- and pol ysul fides and the

like. (lsljgeer organi cal ly bound sul fﬁr conpounds i ncl ude
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h
Foprocessing” neans a catalytic process condu ted

sulfites; diambpolgsnlfidedantd tdgdike. Thihei organicatly bdead sulfur

processes such as the hydroconversion of heavy

h

pernpeundsiinelude therelres efdhaterpeyclisoiuliug gopipeunds such ase

drocr acki of,. disti]late.bgiling sange.f.eedstocks;
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aromaliysibeingappically presentindincamours rahging drahe absutr @05 wt. %, to
waxes, particularly Fischer-Trgopsch waxes;
ghowt 5O wtY6i based om éé‘(ﬂ}ghiﬂfﬂb%ﬁqeﬂons, and ring-openi ng.

Thus, "effective hydr oprocessing conditions" are to be
consi dered those conditions that when sel ected achieve

[0025]  In an embodiment, the invention relates to contacting the feed with

D)

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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hydr opr ocessi ng process. For exanple, effective
hydr oi someri zati on and/or catal ytic dewaxi ng conditions

consi dered those conditions that, when
3@6%@?’3%’%3 2chieve the desired degree of dewaxiP(g/4sao06/041s27

produce the desired product.: 500261 In a preferred
enbodi ment, the effective hydfoprocessi ng conditi.ons
are effective hydrotreating conditions, i.e.,

conditions effective for at |east one of (i)

hietired eesuli afithe hydioprodegsing geoveby. sFor ex@etde adffective
hydrotreating conditions wll result in renmpving at
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hydr ogen l,east he aromati in.
tthase damf ﬁ%fﬁﬁhe{a AR lstedonchieye e deSitedGFRTSE oF frkfine to

P&g@gtfrom about 100C to about 450C,
p[?EPera C to about 370C, nore preferably
about 230C to about 350C. Typical wei ght hourly space
vel ocities range from about 05 to about
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effective pressure can be utilized, and pressures typically range from about 5 to
about 250 bar. Hydrogen (H,) to oil ratio generally ranges from about 5 to about
2000 NL/L. ﬁowss conditions may vary, as is known to those skilled in the art,
~ depending on the feed boiling range and speciation. Generally,‘as the boiling
point of the feed increases, the severity of ;he 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 0.54 500-6,000
400
Heavy 325-475 260- 15-170 - 0.3-2 1000-6,000
Gas Oil 430
Lube Oil 280-550 200- 6-210 0.2-5 100-10,000
450
Resid 10-50%>575 340- 65-1100 0.1-1 2,000-10,000
450 :




Gas G| 430 Lube G 290-550 200- 6-210 0.2-5

100-10, 000 450 Resid 10-50%575 340- 65-1100 0.1-1
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beds include fluidized beds, ebullating beds, slurry beds, and moving beds.

Interstage cooling or heating between reactors, reaction zones, or between

catalyst beds in the same reactor, can be employed. A portion of the heat
genei'ated 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



[0029] In an enbodi nment, the invention relates to
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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



conmpounds and prevents a reduction in desulfurization
activity, which results in |ow product nitrogen and
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meta]_, 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).
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process of the bul k catal)i prior to use in
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heat tr

to'any and” gﬁ RER 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 prcferablyr 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 meta! 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



of shaped bul k catal yst particles after conpositing and
shaping. Preferably, the bulk catalyst is heat treated
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oedexlautogenous pressure. Preferably, with hydrothermal conditions, the metal

molar 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 pref‘erably 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
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a prdcess econony pol nt viewlit s nore attracCtive
totheqavention 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 cétalyst
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bet ween about™ 60 65 ( fraction angle
axyger atomein the sama dattice 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 NiWOQ4 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 NiWQ,, which can be identified by comparison with the
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As opposed to WO 2004/ 073859, whi ch descri bes
substantial ly

[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 pértly 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



anor phous Ni Mo binetallic catalysts, it was observed
that the high catalytic activity of the instant
catal yst is associated with the presence of the

%&ﬁ%%@g hexagonal phase. The catal yst of §8MS2006I041527

I s anor phous as shown by an X-ra
diffraction pattern having ng wel | - devel oped main
reflections having a full (¥t'h at hal f maxi num [ FWHM
of less than 2.5. [0042] In an enbodi nent, the catal yst
Is a nickel tungsten oxidic bulk catal yst In a
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entlre reaction to formthe ni ckel tungsten oxidic bulk
catalyst. The term"at |least partly in the solid
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exan‘pl es heredfter described. |[0043] After the reaction
s¢mgins shbstantially wnchdngedoiarthe bubscatalysteafiep lcpmpositing and
nedi,an particle size in the range of at |east about 0.5
PBE-e preferably at |east about 1 m nost preferably

at |l east about 2 m but preferably not nore than about
5000 m nore preferably not nore than about 1000 m
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preferably not nore than ab 50 m "Even nore

mthfcmtaijadtfonnhhtlnn aigemts p & suchl easelj thewhtlyst paticles dongprise at
range of about 1 to abqut 150 m and nost ereferany in

legst abeut; 60 ayt.%0f bullometpl gridie 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 composiﬁon 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



150 m Preferably, the nedian particle size of the
nmetal oxidic particles remains substantially unchanged
in the bulk catal yst after conpositing and shapl ng.
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to shaped bul k netal catal yst particles conprising the
bul k netal oxidic particles. Accordingly, in one
§0045]i nmdntan erthbodimient, the hulkoatadystspreferably afier composmng and

2007/ 050633 PCT US2006/ 041527 -19 the form of sh
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heréhdt abomd 0.05 ke And ok Breférably af1bast Hsbﬁd 0.1 ml/g, as
determined by N, adsorption.

| [0046] In an embodiment, the pore size ldisn'ibuﬁon 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



[0045] In an enbodi nent, the bul k catal yst, preferably
after conpositing and shaping, has a B.E T. surface

area of at |east about 10 nR/g, nore preferably of at

| east 50 nR/g, and nost preferably of at |east about 80
%%’U@ asured via the B.E. T. nethod. The nedia

0 [ ter (50% of the pore volune is bel O\X/CTQ‘QFQ?“"”””
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ang *"bs/ nmm (neasured on extrudates with a
d| aneter of about 1 to about 2 mm. The SCS of the bulk
catal yst can be adequately increased by conpositing
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R&XafysY AtdiBEntRlal id'those given above for the metal oxidic particles.

SECTION T - 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
(1i) reacting the first and second solid metal compounds at elevated

temperature and for a time sufficient to form bulk nickel tungsten



catal yst conposition is in pores with a dianeter higher
t han about 100 run (determ ned by nercury intrusion,
contact angle: about 130), nore preferably |ess than
gﬁ_ﬁ% égg/ [0049] The invention also relates to_a
UBIBUI K netal catal yst conprising a bulPkT{HStUp041527
oxi di ¢ catal yst which has bgﬁli]_sul fided. Cenerally, the
median particle dianeters off"the nmetal sulfidic-
particles in the sulfided bulk nmetal -catalyst are
identical to those given above for the netal oxidic

parti cl es. oxBicpartilasiwherebyptheNzsbudseaepnd valid metal
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Goup VIB netal tungsten in a protic ltquid, the slurry
10854 abThe processtdptionaliyfurtissrvgniprises dheor idrerof thefoliowing
a second Goup VIB netal (relative to the total anount,
ProasssBisPYI B netal s) and also preferably further
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(ii) reacting the first and second solid netal

conmpounds at el evated tenperature and for a tine

suf fi ¢ivent compbsiting the bulk infdiel hingsentoxididParticles With@3 40
PCT/ US2006/ 041527 -21- oxidic particles whereby the
first and wédofrelativeite thestotal weightfithe bulkomatah catalysboftone
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t he bul k nbefissd, duting ot efterothe dombibingiatidas rédcing dfthe metal
slurry, (iv) conpositing the bul k nickel tungsten

oxi di ¢ par¢ompauidgi th 0 to 40 .
v) | spray-drying, (flash) drying, milling, kneading, shurry-mixing, dry
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



Ww.% (relative to the total weight of the bul k netal
catal yst) of one or nore materials selected fromthe
group of binder nmaterials, conventional

ssing catal ysts and cracki ng conmpou
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of the netal conpounds, (V) ray-drying, (flash)
drying, mlling, kneading, sl¥ftry-mxing, dry or wet
m xi ng, or conbi nations thereof, (vi) shaping, and
(vii) drying and/or thermally treating at a tenperature
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protic liquid to be applied in the process o
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in the process of the invention. For instance, it is
possible to add a suspension of a netal conpound in
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Cohsistesertiidlyeo frodabites; eitiznes) darbanatesy Iopiroxy<erbonbes,

conpounds which are at |least partly in the solid state
diydroxideshmolybdates, 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 WS;), -
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.



process of the invention generally is |ess than about
0.05 nol /(100 mM water at 18C). [0054] If the protic
liquid is water, suitable nickel conpounds which are at
| east partly in the solid state during the reaction

' and nore preferably. consist essen
@%%@#@gﬁaaci trates, carbonates, hydroxy-car bohgﬁbé%ﬁo%‘"s”
hydr oxi des, nol ybdat es, - phospfiat es, tungstates, oxides,
or mxtures thereof, wth ni“ckel hydroxy-carbonate,
ni ckel hydroxi de, nickel carbonate, or m xtures
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taarkpnatsanid thessedond instel demnpoumd) isttengsticl cphdder gaid2 and
W53), tungsten carbide, ortho-tungstic acid
(H2WO4*H20), tungsten nitride, alumnum tungstate
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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



fact that the netal conpounds do not contain nitrogen
atons, also the reaction does not require addition of
amonia to the reaction mxture so the process is
substantially free of nitrogen atons. There is no
WOINA9Bon of alien ions like ammoni um andPEF/US2006/041527
nitrate in the protic liquid.gn repeated recycling, and
there is no need for washi Nng*the obt ai ned separ at ed
oxidic particles. Mreover, there is. a reduced | oss -of
precious netals and | ess risk of undesirable anmmonium |
rhiytmitrogen dedarption);rand for. thé-sgcond metblecmpaund; prefenably,ingstic
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with high catalytic activity, it is preferred that the
first and second solid nmetal conpound(s) are porous
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(nmeasure by nifrogen adsorption), and the nean pore
thastnEfunt, mMd3DprefSrablyhan 1enst 2 rbad pYifezi®Oy hOK6R3than 5000 um,

PCr/ US2006/ 041527 -24 by nitrogen desorption), and for
tdoee preferatilyrmotahorectham 160 pm, even aidrg preferably not moretthan
SA > 19 n2/g, pV. > 0.04 cnB/g (neasured by nitrogen
500 Bm, 8né myost praferabbinet more than (1548 aurwExenmorg preéyebly, the
degprption).,..It is_desired that, the total pore volu .
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ﬁl@?aﬁéen&% o150 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 a preferred embodiment, the bulk metal oxide catalysts synthesis
mixture contains no organic agent R, selected from ﬁe group consisting of (i)
aromatic amines, cyclic aimines 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 R;R;R:R,Q",
wherein Q is nitrogen or phosphorus and wherein at least one of R;, R;, R3 and
Ry is aryl or alkyl of from 8 to 36 carbon atoms, e.g. —C,p Ha;, -Cy¢H33 and —

C;3Hay, or combinations thereof, the remainder of R;, Rz, R; and R4 beiﬁg



to those of conventional hydroprocessing catal ysts.
Preferably, the pore volune 1is about 0.05 to about 5
mlJg, preferably of about 0.05 to about 4 nug, nore
referabl of about 0.05 to about 3 nl/g, and nost

&’ i}about 0.05 to about 2 m/g, as detf&AHSAU§041527
by mercury or water porosinetry. Further, the surface
area preferably is at Ieast'%?bout 10 er/g, nor e .
preferably of at |east 20 n2/g, and npst preferably at

| east about 30 nR/g, as determined via the B.E. T.
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Mently C4 to C20 aromatic ami nes, of which
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m

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
shurry 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 VI to
Group VIB metal is between about 0.2 and about 1 and the protic liquid is water,



oct adecyl tri net hyl phosphoni um cetyl pyri di ni um
myristyltrimethylanmoni um  decyl tri net hyl ammoni um
dodecyl tri net hyl ammoni um  decyl tri met hyl anmoni wn,

dodecyl t ri met hyl amoni um and

HROHIPEdodecyl ammoni um  The conpound fr om REERIS2006/841527
above ammoni um or phosphoniumion is derived naybe,

for exanple, the hydroxide, -¥alide, silicate, or

m xture thereof. ii Step 10061] During and/or after
their addition, the slurry is kept at the reaction

t e Red 0Nl iS i3t coihiemly done undeehydrbtherdBlcidifions £ at )
period of time to allowthe reaction to take place.
Geneticrl temperatoresahoveyabout k#SC and a pressue highier phiancabout § bar.

t reactiqn step., |n partjcul ar, as sed to WO

W hen S sl mole Rl Aoy abiting the,HipLSEAREmed PR alsg be

p .

PGV RfitaBELUSHY Bk Bl e tiritheBhitontitsh 3 Qiler 16 be able,
eachievethighdt'atieTtp ol Yo Lk loWee nickeDolr rake 6 tdreabt RbBRY!

8. As has been set out above, care nust be taken that
tHewpveraimvieweo ff stmpliciy ane ther eeonbmsesnofi the prodessitself] the bulk

that the netals are not, fully dissolved during the
reatalysteandedpnd preferabbyiis) n@nugacauﬂfém # BrAcess whegsin the

critical but. on the gpne hand, .is _conveniently chose
ShastioBTa gBRb ot MipstabGeR o her By s RaCH] enbpGRRF Bylow
adggtmo@]e ot her hand, is conveniently chosen
su ’fll ciently low to avoid the unnecessary creation of
waste |iquid. 10062] The paraneters that are inportant
for the performance of the bulk catalysts, in

| ar the reaction tenperature and pressure, the

%y B deactishoss, i Bestoparyf Sbtaiied el Baftt o

TR ot SR SR} B S0P o et b Sy dine 1o
\ohe altemative emibodirhent; aicha sthalCamenni/éf protie lighid isusél hat no -
netal is between about 0.2 and about | and the protic

liquid reeds toke separated fomm trspdisreaction predost. hespet reaction
product can directly be shaped after optional compositing with additional

material as defined below and then dried. For the separation 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 materia]l is added to the slurry after the
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the reaction is nost conveniently done under
hydr ot hermal conditions at a reaction tenperature
above about 100C and a pressure higher than about 1

r the netal nole ratio is above abouj,
éﬁhaﬂw%$ﬁgbtalned can al so be advantageously pro(J[%“Bﬁ%lllsr3r
under hydrothermal conditions,in order to be able
achi eve higher activity or t& 'use | ower nickel nolar
ratio or to react faster. However, in view of
sian|Q|ty and t he econom cs of t he process itself, the

tRieRaration &f thebulk matal %@e partisles and lgmrstp %m@icm step, but

iflaly %ﬁ?ﬁcﬁﬁ?&%ﬁﬁe@ ?tsppﬁ SEkiohlly AdaeCfeIhe sensafiop from
b}.ﬁéﬂ iBAGHE %kr%ﬁigg stdp. a| ne es'%ﬂtﬁﬁeﬂdlﬂnﬁ&fh%ﬁa@&als

st ep, |f necessa oxidic
uhaﬁoanllmcmﬁpndited seittptha ineetall mdictpmuueqm the catadyst ave a
filtration or s Ydrylng In one alternative
dlesrihadding W &mal | amount of protic liquid is
used t hat no I|qU| d needs to be separated fromthe
solid reaction product. The wet reaction product can

006" | Vishen 8RB0 HelibeARFHARRHUERAIRIS, th el {cBmpositing

mat er i-al 'ow and then drie

ke builkecasedparvith @ matéridlh enedns tHat the sibteriab &y dddedas thebulk
principle any solid-liquid separation technique can be

@e@wst vh wiceswepsar aund the resulting=catopesitiest isrmixed. Mixing isei ng

d wth addition grials i
DERblY dondiin e Bretentmor & At e reLmbkinga, Thisimpreyes b

to thermally
fechbAiftat Aol b il “atlhétﬂyétr&gﬁﬁbﬁﬁﬁ'onal sol i d-1i qui d
separation--and drying -step and prior to its being
co 03|ted wWth the additional material. Step iv

[ |Compositing theometah oxidit partinkes with said aﬂdghmebmettrial

P 30 e AP 0, B eGS0 it
%y sgggcgltl%gﬁ@t pr ei[}ar atiton %F%h@bﬁlp%am? Stre%i C

?ﬁ&kﬁlﬁi‘ ¢Sthemédiah partield iz '6f te rﬂ&hﬁbﬁdgﬁﬁdﬂlﬁleﬁ §s #f the'range

heir preparation. Preferably, this additional
obatdeastlabbet G.dgmm, mord grefeshbly ray lembt sbout lgum, most preferably at

~ least about 2 pum, but preferably not more than about 5000 pm, more preferably

not more than about 1000 pm, even more preferably not more than 500 pm, and
most preferably not more than about 150 um. Even more preferably, the median
particle diameter lies in the range of about 1 to about 150 pm 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.
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the bulk netal oxidic particles and prior to the
separ ati on step, but in any case prior to the shaping

Stgﬁ? |s m)stly added after the separation {;’f‘}‘ﬂ%ﬂél&%ﬂ

Sthe mixi ng/ kneadi ng step. Exanples o
additional materials that cag be conposited with the
metal oxidic particles in the catalyst are described
in WO 00/41810. [0065] In all the above-descri bed

process alternatives, the term" conp03|t|ng ebulk
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i nproves the I cal strengt the final catalyst

camdradeininaccoatéd Sifich, dlompesduchng (pdeadoyoeshmite] df gibbsite,

particles with said additional materjial and/or
|tﬁ@wapbtaata-¢@atcdwelumnmmpnmu catmue nlayp oe paicaid daysosuch as
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rAbirfinal efredds) bemémteeaﬁmmtthérebﬂ\ms birdeed ﬁhjlfbb)apﬁhed
| east about 2 m but preferably not nore than about

BOBOchpr aldercpeptizatdermbl y not nore than about 1000 pm
even nore preferably not nore than 5 00 pin, and nost
preferably not nore than about 150 m Even nore

%%ﬂ)gbly, the nedian particle dianeter lies in the
f about 1 to about 150 pm and nost preferably

i[0069]e rPROSluity, hitiially cothpHRamp aﬂgb&fme\abb%ﬁa&uﬁﬁﬂ

conpasi ting of t he met al OXIdIC particles with

nmtenalalcam be aubjscted o almawdrpmgd(ﬂashan drymg,emlhng,dmmdmgn
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These techniques can be applied either before or after any of the above (further)
materials are added (if at all), after solid-liquid separation, before or after 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



[0068] The binder materials to be applied may be any
materials conventionally applied as binders in
hydroprocessing catal ysts. Exanples are silica,
silica-alum na, such as conventional silica-alumna
¥Q 200405963t ed al umi na and al umi na- coat ed si | PERUS2006/041527
al um na such as (pseudo)boehnite, or gibbsite,
titania, titania-coated al um®x, zirconia, cationic
clays or anionic clays such as saponi.te, bentonite,
kaolin, sepiolite or hydrotalcite, or m xtures thereof.
Fiﬁqaﬁ&ﬁﬂ tife dhapity mixaue, sxpressed as ldssof-ignitioh (BOIRisin the range
titania, titania-coated alumina, zirconia, bentonite,
oof ahiout 20 éoabowsi8986.. These binders may- be applied as
such or after peptization. Step (y) [0069] The slurry,
optionally corrprl sing any of the above additi onal

al . .
g@b‘?ﬁg The %ﬂng’ ﬁﬂg@ﬁ:@?&e& %@}9 ﬂ,{( uﬁgﬂ% g{ef yﬂn%ééh)t igvention
Ndaki RROForAkd GRtoMh A1 diffefent BRdRef Nomlidmmg%&ampmtdmxtam&
wet m xi ng and kneadi ng or slurry m xing
sshepgs- idclude pobalers; spheres icy inders, Titimgss and symmq:tms ocasynimetric
-applied either before or after any of the above

(rolylohes; for ingtanee by-sangquagrHebes( Partmlesamltm&f&@ extrusion,

'qusﬂ&%ﬁékt g Seﬁ%@@&wﬁﬁb Fr fL B ThGEe & aipErF Yo about 10
B Shd fl'{ensl%ngﬁﬂi fshﬁ‘ ltaﬁ?ﬁ Ebl?t (784 A6&hR 20 mm. These

opt| ona any of ove addi ti onal

pattivlesare geayraﬂg pﬂa&md Ppvdersaintludhig those tesplting from, e.g.,
havi n been appljed. Shaping corrprl ses ext rusion,
pspraya?wmgwg;en Ed mnp@m 9 diamstenig. themgnge of about 1

addltlves i ch are conven used to facilitate
ShovE A0, Bl e atioRs Bovh i Eenredl TBSe B RRSHED:

alun1n|un1stearate surfactants, graphite, starch,
met hyl cel lul ose, bentonite, polyethylene glycols,

;s#i@yl ene oxides, or -~ mxtures thereof. If the

Shaping conprises extrusion, beading and/or spray-
9072}g, AfRet an eptifnel deying step, pmﬁarslbiambnge abe\pt 100°C, the
car [;1 ed out

serpbe shaprd paelygtchrmposhen mey i el e acdesied. A
BPHAY oSl 3RV:E 9576 BHAFROBRIALER o 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.



29 liquid in the shaping m xture, expressed as | oss of
ignition (LA), is in the range of about 20 to about
80% [0071.] The bulk netal hydroprocessing catalysts

gﬁeﬂ@#@ﬂ%ﬁe present invention can be forned ?&‘E{S%@Mﬂﬂ?

shapes. Non-limting exanples of sui
shapes include powders, sphergs, cylinders, rings, and
symmetric or asymetric polylobes, for instance tri-
and quadrul obes. Particles resultlng from extrusion,
beadi ng or pelleting usually have a diangter in the
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this general range are possible. Ste vii_ [0072 Af t er

_ amsrdﬁtrr@méammgyluqlgdsﬁe liguigkroay be $healiguid fatmo of asotior
¢ SRRpRneRy, Tt moalth b & aalativu 1 & AUTHHE GorRpAd. S0 sismmental sulfur,
“ﬁ“vﬁ{*@# fo, bR e e Qundote Ve ROHR Vidhnelitla or 1o

oR! Tt $ I ﬂi@' t'il?ﬂﬁ%w usPliaseb
V\/nl c:gﬁ?eadl Ilgagsrsgﬁgf%m@tﬁﬁ cry stdz;llcl i ne structure. Y

Tdomtarting 6t withtaesulfir-adlontainidg @ap hke H;8eBimlly, tisflso pobbsible to
heat treated at a tenperature below a .tenperature

de the catalyst byi qontacting itwith stulfurcaataining by dracarbon feed,
b 50 f bI
SeBon PR Shsced iyl b e Bitke £ PG A Bpfaifipe Cotnpound
ko ARAEH P ARA0 (VST AT O thepitthod ‘E%? % lfigine.
dad. adontdcting fthe catalysparithta suryﬁmwntasxhag icompotind, duactie carried
treating time canp vary from about 0.5 to about 48 hours

W i &itu epsHer ensitny Cnataptlw@esmﬂuaswnh freegequs syHfurn an
SheREr R an e GRbadonerrauiprins i CoHBofY Bifimadus
WeitEh seifsReonty iR Ry dBeiBar rEédTis plerefitly 46de %7 siru. Contacting

the catalyst with elemental sulfur or with a liquid or dissolved sulfur compound

as described above will generally be done ex sitw. 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 hs'drocarbon 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 sharry with protic liquid as described above, slurry mixing the obtained
oxidic metal particles with, e.g., a binder, isolating the particles via filtration,



-30 [0073] The bulk binetallic catalyst is generally
used in sulfided form Catalyst sulfiding can be
acconplished in any way effective for naking the
t s sulfide form including conventio
‘%@I"%"Z"?’#ﬁ& nmet hods. For exanple, the catalyst F@Hs@gﬁ‘mm"
contacted with one or nore of;the sulfur conpounds,
such as a sul fur-containing *Tquid. Such |iquid may be
the liquid formof a sulfur conponent. It nmay al so be
a solution of a sulfur conpound. For elenental sulfur,,
wet mixipgdbe Bilter eake with aastarial, sueh asa binder, kngading, extrusion,
at.al yst .vi a | ti or sublimation. It is also
Bﬂggg’b‘? C'F’G‘gﬁg‘fiﬁpbfn #re product in the gaseous phase by
contacting it with a sulfur-containing gas |ike HZS.
Finally, it is also possible to sulfide the catalyst
Foo'ﬂsq) Nt gel dathlyits wid dhabactetizedrus ifollowinyy shethiodsbon
eed, e.g., a hydrocarbon feed that has been spiked
with a sul fur-containing conpound such as

£3 L1 GCQ, TUEL HITER E 8888 acting the catalyst with a
* sul fur-containing conmpound, can be carried out in situ
~and/or ex situ: Contacting the product with a gaseous

feTe)" TR RALSOE B. g an' &arudiaie i ,@nd'then

Situ. CoP‘rF}It@act i Frt}.g the'grg{g’fjagct Wi t hﬁm;nglglr‘f?%sre‘iﬁg%drﬁgil (r?ihng

thg dxtradate particle svas subjeefed talkebsnpdessivei Joading (25 (bnineg: 6 sewm)

the catalyst with elemental sulfur or with a liquid or

B 8 smavable pistonyThe forse teaniredJo saushy the partiole was wpeasured. The

(F5550 2 WasRBadabaf wit o7 a4 Beklnte el dndBY abimee wos
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activation w e ex si'tu o
applied td shapedpaeticleewithtaldngthaiotieRcédding Dmamxt of the
present specification the indication in situ refers to
a process carried out in the unit in which the catalyst
i,I] be eventually wused in the hydroprocessing of
d%ﬁﬂ%@%ﬁﬁéﬁ feeds. Conversely, ex situ refers to a
process carried out not inside such unit. It is
preferred that the catalyst conposition is sulfided
[0077] exThe Ny adsstption sicdasureheAt tlas cBrridd QTR WesEitied ihhPaul
fO||0MAng successi ve process steps are used to prepare

A.nWebhiard Elydd Qst, " Analytinat Methadsdn Firze Pamtigle Technology”,
ﬁnd segqQnd. co oun8 .

icromeritics In ent Corporation, No;cross, 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. 1. 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



inaslurry with protic liquid as descri bed above,

slurry mxing the obtained oxidic netal particles

with, e.g., a binder, isolating the particles via
iIdfration, W 2007/050633 PCTI US2006/ 041527 -

H‘ﬁ“ﬂ%”%@ filter cake wwth a material, such gg%@s%%mﬂsn
bi nder, kneadi ng, extrusion,_ isllryl ng, cal cining and

sul fiding. [0075] The catal ys% are characterized using

the followi ng nmethods: (A) Side Crush Strength

Determ nati on {’00761 First, the |length of, e.g

et ¢ acRaud A WV ebl rpd Glyde Qs iAsalytiasldMetheds in Eme Particle

TS TS o A TR
IR R TR

particles and the average, calculated as force

S) per unit Iength ‘ The nmet hod preferably was
(€ Amg AddediSok g B | ength not exceeding
7 mm (B) Porosinetry [0077] The N2 adsorption
nmeasurement was carried out as described in: Paul A’

FOO7OE P OMluste Detttbbc; TR ARG Afsb ot
s Gﬂnng\'ﬁhé proeess ¢Phe ivAntidf €4n ebs‘fﬁl\bé)detected by visual

9656783- 0- X. ere medi an pore di ameter

nspectiondt least if dfiemeta) compoupds &re prresentl msthel fbnnlodi' iparticles

extracted fr t he desorpti on ranch of, the nitrogen
ﬁdeﬁmﬂ%f rrﬂelare&sfrwa pﬁylsgalﬁhﬁhr{a Foouyse, methods

@éé?lﬁ?% ﬁw%?isﬁli%&s@ﬂgg?%#@yozﬁmfﬁﬂaﬂ SRR which

e RRGWH S0 ﬁi@ﬁéﬂé@%q &rson, ca@%ﬂ%ﬁ@ﬁéeﬂ% vfeh?j?fﬂiﬂt taf 28 ﬁﬂmt in
i sot herns, J. Soc. (1951), 73,7 373-380

Tohaduring ﬂm:m-oaessmf the iinention at dndaalst\hél tR5ih the stk stafs.
Br unauer,  P. Emmett and E. Tel ler, Adsorption of
dMedian partiple §W"é@é§0a¢et°fﬂ1& ed withjlight scattgrang (nsar forward
%égfg 60, 309-319. [0078] WMacropore vol une
g ation, typically for pores having 60nm or
hi gher pore dianmeter, was carried out by mercury (Hg)
porosi metry as descri bed
[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.



WD 2007/ 050633 PCTI US2006/ 041527 -32 in e.g. Paul A
Webb and Cyde Or, "Analytical Methods in Fine
Partlcle Technol ogy", Mcroneritics Instrunent
oratlon Norcross, GA, USA, 1977, | SBN

%@ M830-X. The cont act angl e used was 140P556§@@§m‘527
(CD Amount of Added Solid Met Conpounds [00791 (i)
Qualitative Determination: The presence of solid metal
conmpounds during the process of the invention can
easily be detected by visual inspection at |east if
the nmetal conpounds are present in the form of
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t he, process of the invention all netals will be In the
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nmet al conpounds added during the process of the
invention can be deternmined by filtration of the
SUR)X R aracteristie Full Wit atiHealfiMexigmumi t i ons  whi ch
are applied during the addition (tenperature, pH,
pressure, anount of liquid), in such a way that al

fop2. o854 ERurgFRER AL R HTRERRLP bt chddip oplysts
o Getaasindd oA dhs bhdie0f e eay HiTfaebrgpitiah o e S, The

metal conpounds can be determ ned andar d
tcharavteristic fulbiwidthuatdalf maxiapun tis lswldthialrimlﬁmammum (in
conpounds further SO|Id conmpoun as a so

Heraee! 26 peatisriag angle) ﬁf thep mt@% %k é" (#Qa%")ﬂ@ﬂ@ﬁtzeo‘f 35°

WBbeE Ql%,q Ipd Al ed B nder st e, sbtracted from s he
BJ "'gﬂ#er m neoglll %QP@Q’%ﬁHé p &m&q} Cgflﬁ@gg ﬁhg-,s g gpaé,hﬂeso

FhetdchidrAitor 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 IV - EXAMPLES



spectroscopy (AAS), XRF, wet chem cal analysis, or |ICP.
WD 2007/ 050633 PCTI US2006/ 041527 -33 [0081] - - If the
nmet al compounds which are added at |east partly in the

' te are added in the wetted or dry state, a
%#oﬁyﬁ%&ﬁ general ly is not possible. In thi $CEAISU06/041527
the weight of the solid netal_ conpounds is considered
equal to the weight of the < esponding initially

enpl oyed netal conpounds, on a dry basis. The total
wei ght of all netal conpounds is the anmount of all

nf0088] cofMheumetntionnvill tsd fuythenillustratgd byrthe Bxamplessdescribed
cal cul at ed as netal, oxi des. &D) _X-Ray_ Characteristijc
Feglowyiik means aipgactinn proagss phemin bathdhe fisstandserend metal

Al A A 8 B A i
R el MRS PISK perthl pACARb AL o Lot pmply told

tduring the rédctiongifimoretamtvad Metdls afdprepan lin die SMtiesis3mbkture,
(0.7) and at 20 = 35 (0.7). For the determ nation of

0
tthe metala ptharithamthei fost and seeond metalicamponnds pavbie either at least:
di f t et . d... Phil.ips PWQ50 i pped wi th.
dpaish B e e st on s Bl berbch HEkess Whisgin all
3988 L BBonR el 23y 05 gn L Sorky B racin.
THerbacticiizosére Pesfornied anderitmonplecriéonditiciis| except whete HT is

v20 (variable); detector slit: 0.6 mm step size: 0.05
(aéntioned nmeanipg that catadyst dynthesis wias pesforued undethydrothermal

Saftuione, CBBmEgnsompacies ilkdefuty of desatatistrthediend) o
ARyl Gein ki iR s BBt b RED AREri Y A S WA e
trgfativé ebimel A&iviBy dhd refative ?ﬂ defivity hRspedtiily, based on the
diffraction pattern have a full width at” hal f ‘maxi mum

totalpatalyst ameunt loaded indbe reagtas. HIMN ishhyedrodgHEvgamation and
HOY i Tyarodesulfurization. The tests were perfored 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

HDN]1 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 D5.
The RWA/RVA values of the reference catalysts Ref 1, Ref 2 and Ref' 3
obtained under testing conditions D1, D2, D3, D4 and D5, 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-Mo0.5-W0.5 R3 90°C)




[0083] The invention will be further illustrated by the
Exanpl es described below R3 neans a reaction process
wherein both the first and second net al corrpounds are
artly solid during the reaction. R2

%ﬁ@?ﬁé’?ﬁyroutg wherein ej t%er the first or sé’@gﬂ%?m“’”“s”
metal compound is at |east pastly solid during the
reaction; if nore than two netals are present in the
synthesis nmixture, the netals other-than the first and

second netal conpounds can.be either at least partly
solid during the reactl on or dissolved. R neans a

RRBSEC S LA3EhP Nl (o TekeBle RTRE e P 25 B0 Gght acia

'BAYD,903 rWSIceWp%kf mcmh? WRHE EuAiSPBATY th of«%ﬁert(s ension

except where nment i oned, neaning that catalys

s&)mhblm&ted/\as%?é} BGl’jngdf umﬂelrh)#dyoquml'hnmtd 2N|IE®§1‘|3N1(IDH)2*4

cted bul k_density of t.he cat al The

&ﬁ&gqe 3 r;;ﬁlgowg\?loelésﬂdﬁ@ h) were suspended lalﬂQO wawr angheated
RVA
Jo S %@%ﬁﬁﬁcﬁ‘fx‘?wéﬁl bRl Bonge R B A 8 Bher
[ ShBple a0 B F. 1 Rbioc A8 BRI RO SUARTRAR Wb adfed to

qu:dnmhsmimﬁe rhites] mﬁtﬂ&&emgtmg\mmhufé was niaintained at 90°C
tenperature and pressure conditions | and 2. The

Fowa petod 0H16 bogrscﬁovesrwﬁ) erlﬂlrconmu@us@ﬁm‘nm; ﬂlf-‘eﬂ‘f@er this
Rirgs e uprusion assifkerd e Sield 385 by 0¥ Based Ot tbe
clichfed RfEht OF o EREHC ol r“?.“*fv%@‘énces"“ﬁ’ﬁ‘ﬁ%en fﬁe

oaldeb e Therobidined Sibter bakeowwwet-nﬁxcddwith@ri‘m% of & binder
bet ween sanples. Further, the

catal ytic activi

I(@Sﬁdl ;] Iﬂmtqtalo‘g@l@i/mnﬁtl@matajyst compogition).ckhe water content of the
afire BaF R ifrdsrig qutain oh exFad e g, oRd i mipure was

SRR e iR RE ?Mﬁ[ﬁiﬁ%‘?ﬁ%ﬁ B4R ERETOPLS blers

(ovephight) m&%ldneM3® @ifbr Refious, The catalyst wagl eilfided ahd 9
conditions D1, D2, D3, D4 and D5, respectively were

mswﬂtusmglhymmmﬁm Diesel tast proceduresApl/ 2al ues
are calculated relative to these reference catal ysts
for ~each series of tests perfornmed under the sane

EQah fei&mil.s-Mpl R2 90°C)

[0085] 35.3 g of ammonium heptamolybdate (NH,)sMo07;0,4*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,0 (0.3 -
mole Ni, ex. Aldrich) were suspended in 200 m] 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



Reference Catalyst | (Ref I: N 1.5-M0.5-W.5 R3 900

WD 2007/ 050633 PCTI US2006/ 041527 -35 [0084] 14.4 g of
M3 (0.1 nole M, ex. Aldrich) and 25.0 g of tungstic
acid H2W4 (0.1 nole W ex. Aldrich) were slurried in
BED2047/0963B3vat er (suspension A) and heated toPEHAS2096/041527
g of nickel hydroxycarbonate32él\l\ECCB*3N| OH) 2¢4  H20

(0.3 nole of Ni, ex. Aldrich) re suspended in 200 nj

of water and heated to 90C (suspension B). The nickel
hydr oxycar bonate used in this and the other exanples
hdesdcab&l E)tRefsmbaéhtaiyﬂi{loﬁnmaedﬁlsglg tBe precedurnirBm/Biesel
added to uspension Ain 60 mnutes, and the resulting
rﬁC&ttRlpﬁedHé@, intained at 90C for a period of 16 hours
(overnight) with continuous stirring. At the end of

this tinme, the suspension was filtered. The yield was
@—ﬁ*%—ﬁ%%?g/giﬁ@§'e"?}1¥9m} cal cul ated wei ght of all netal
conpone Ing onverted to their oxides). The
obtained filter cake was wet- m'xed with 2.5 wt.%of a

bi nder (based on the total %td of the catal yst
d@ﬂﬁ@lsu t Aocra;alystn@asmpared@mdmn in Fxamplg Ay cxcepi dhat the

t bt trud dth
ey Bhe Gl “felfedmponet dreiy r*urf‘s@q%eg‘&éwa”w d
\c/,iﬂﬁ%lﬁ gguf‘kgé% f%ﬁam]ﬁﬁﬁrﬁﬁ%é ?gqyst oWas Su?t?tuggscfa e
D?J(SO D ﬂndlb ON,Dé:D St eh&mmmp &uE35.88656f nickel
procedures |l e 5- Mol R2 90C
[hydeoiycasanaty mmmw%mmm o . T el was s

SV ased o8 thestmcHpte i SEnt of Al ngtl comPOPERR b g beep
Sope @Rt o iges PR DRI Eaky Basg Rt Tyt wis

ibirgder), died) ealyined and aumd%ana@aeé&mea@d} Refertiée C@raﬁyst 1 and

nole Ni, ex. Aldrich) were suspended in 200 nj

iested using the Pieseklgsiposedine Ddas heated to 90C
(suspension B). Then suspension B was added to' sol ution
A in 10 mnutes, and the resulting suspension was

eriod of 16 hours with
- B ifs: l@ﬂﬁ'ﬁ?@ e yi el d was about 85% The

obt ai ned

[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;*3Ni(OH),*4 H,0 (0.3 mole Ni). The yield
was about 98%, based on the calculated weight of all meta] components having
been converted to their oxides. The obtained filter cake was extruded (with 2.5
wit.% binder), dried, calcined and sulfided as described for Reference Catalyst 1
and tested using the Diesel test procedure D1.

Reference Catalyst 2 (Ref 2: Ni1-M00.5-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



filter cake was extruded (with 10 wt. % bi nder), dri ed,

cal cined and sul fided as WD 2007/ 050633

PCT/ US2006/ 041527 -36 descri bed for Reference Catal yst

Rl and tested using the procedure fromDi esel test
W02, Exanple B (Nil.5-W. R2 90C) [ 0086T/UA2006/041527

catal yst was prepared as desc)i bed in Exanple A except

that the only one Group VIB-etal conponent used was

tungsten: a cat al yst vvas prepared as in Reference

Exanpl e R1 using 4 of anmoni um net at ungwt ate

(W@,Q@ﬂmamao( ex. mldnlch).ﬂﬁ (g of Bingstic abidid L W104)(0drmole W,

IS s PSR N 0
A A o A e

CRELINES oferhight 801 208Ct Thé Ob¥indd filtérchke wasAkétSfhixed with 10

cal cined and sul fided as described for Reference

Gat.% binder] extruded, dmbd,oba]mnugamdw sulfided a$ dessibedin Redercrce
E>i le C (N,I.5-ND] 90C) [0087) A cat aI yst was

€ CH’@%‘@?‘ USHE Ewwletﬁﬂrmﬂ%f‘éluwt Byg except

that only one Goup VIB netal conponent vvas appl ied: a

catal yst was prepared wusing 28.8 g of nolybdenum

t 25_ ocgX. Aldrich) and 35.3 g of

r%c‘ IE y c}xsylc?';Di or'\gane 2Ni CO3*3Ni (OH) 2*4 H20 (0.3 nol e

| . The yield was about 98% based on the cal cul ated
ht of all metal conponents having been_converted

t[BO ei eraattdw wasrmcmcézﬁ d@ls;nbpd lé‘ar Gataé/swgsamipger (ljw%r@ept
Bhqeg op PRt oy, ViRdnEAL ruapetis i uSed e@t‘%ﬁt@@
AT B Y N ol

inydraryesomanSNICOSENOHPUHEO @ 3Gabk] N The gietd plas

that | ower anou Ni was used. The catalyst was
Bbew3%, based @n.t.he mlgul@ted/wrlgbbvf gl gety components having been

Fc):tcnzgxllellj'?2dotoQ‘lgfr1 %gldes The obtained filter cake was extruded (with 2.5 wt.%

binder), dried, calcined and sulfided as described in Reference Example 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 preésure 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 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



-37 M3 (0.1 nole Mo, ex. Aldrich), 25.0 g of tungstic
acid 2W™ (0.1 nole W ex. Aldrich) and 23.5 g of

ni ckel hydroxycarbonate 2N CO3*3N (OH) 2*4 H20 (0.2
nole of Ni, ex. Aldrich). The yield was above 98% The
HAHOHRWI | ter cake was dried overnight at PEHES20pHB41527
obtained filter cake was wet-mxed with 10 w.%

bi nder, extruded, dried, calvi¥red and sul fided as.
described in Reference Exanple R and tested using

Di esel test procedures D3 and D4. Exanple D (N 1.5-W
Re¥a9ii6)at¢ DB} Slevihge The myttrialasasthen siilfidead and essted wsing fher
Cat al yst Exanple 1, except that only one Goup VIB
riprogédure Fromn Eliesohtest prosadurg R%t al yst was pr epar ed
using 50.0 g of tungstic acid (0.2 nole W ex. Aldrich)
and 35.3 g of nickel hydroxycarbonate 2

A G - 3 mole Ni). The yield was

5 al cul ated wei ght of all netal
conmponent s having been converted to their oxides. The
obtained filter cake was extruded (with 2.5 wt.%

H{ORALY ) , Advatayist veast prepased as desaritied do Exasple B exerp that the
VU BE GO 196 Nas i A bl e rEalon s sariegons Uhdsoo
ARl e ¥ o Rublele AE RhnetBl ipferaed B 1305 555 g of

TNT cansd i@ (002 GRila NPiwas adRicde811 0D6@bS Wakr ald@okhitR 8.94as

carried out under autogenic pressure in an autoclave at
gramaof 'tungks)tic :auige(ngZuneleoW;.(lsm s?slﬁmimtwﬂwt{inmca:) Sez(;ﬂlesd
t ours. 1. Q i carbonat e :
Wrlan N yosseLorARaee 1a) vl s Hestedrat 00 toH S9°Gand
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TR o ot Tp 26 ks Wi Bt gl syl S BE SRR s
\¢8bledRo @a&n%ﬁxpeﬂnﬁe and Bididlid Altdred @nd Qﬁ'icﬁ?dx‘énﬂghi iTtﬁtgoc'c.

tenperature fo ' '

N

6 hours with continuous stirring.
Shedbtained niaterial svas pelleedpibiegedletsavercecrasietdtdnd 40060 chesh
filtered and dried, overni ght at,K 120C.. The_ _obt ai ned .
deecten wasigplated by sievang.t The paterial wasthea slfidetbendiiested using

e Hrdolfind dlon it el proledlu 3533 PCT/ US20067 041527

Example G (Ni0.5-W1 R3 HT 150°C)

[0092] A catalyst was prepared as descﬁbed 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 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 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



-38 was isolated by sieving, The material was then
sulfided and tested using the procedure from D esel
test procedure D3. Exanple F (Nil-W R3 HT 150C) [0091]

C was prepared as described in Exanpl
@)?c@é)@l's?‘%ét the N/Wnolar ratio was 1 to 1 Bﬁafuﬁ%@fm“s”
the reaction was carried out ynder autogenic pressure
in an autoclave at a reacti grw ‘enperature of 150C. 2.35
g of N carbonate (0.02 noles Ni) was added to 100cc
of water along with 4.99 grans of tungstic acid (0.02
nmol e W. The suspension was put into a sealed WeflonTM

vessel of 275cc total volune and heated at 10C/ nmin to
1[9@?? andA Gaialystavas prepared,as desarihed mgxa@ plty (s §x¢apt Fhat

EADIURLPS 00 ind i A S I N BT st b 0975
% O]@?’Cl 17 g%fm%ﬁ*@%gtﬁgﬁ rl@gieﬁe@rﬁ?lah&é‘ﬁb 100%% of water

lets weré crus raction was
|m@wau 487 grans offtungstic acd €0.0895 nwie Wieandsl08¢ o€ dicbilacid
tested usin the procedure from Di esel test procedure

£8.0083 anel i(ex. BBM?BICIW“"@S »CThe suppension weas puy into acsealed
R lho: ?S%F'g?f Ha530u! oimgiidhepiedpl iPumidpgsiiand
Ryt B Einrkarultflor @%@?‘aﬁ‘?&?’@ﬁﬁﬁ%‘ﬁ%‘@@f@r?ﬂ%@%‘wag

tuekRdns lr@dsmwa Pat&tmierahd the 56l fillerddfahdrifivdunesasighrdt 120°C.
275cc total ume and heated at 10C mn to 150C and

H&led)baaincth matcrm’xpmammded Gwith 100wt % hindér), drind, calgined and

SHEided B desqtfueeR R FTaou ERemPIR A BRP TS pRese el

g gfeg[).t?”a' was wet-nixed with 10 wt. % binder,

xtru dried, calcined and sulfided as described in

Ref erence Exanple 1 and tested using Diesel test

rocedure D4. Exanple H(NO5 - W.975 - NbO 025 R3 HT
le (Vi 03 WOARAMFASEPGN 1527 - 39

[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 MoQ; (0.01 mole
Mo). 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 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 procedure D3.

Reference Catalyst 3 (Ref 3: Nil- W0.5 - M00.5 R3 95°C)

[0095] 188 g of nickel hydroxycarbonate 2NiCO3;*3Ni(OH),*4 H,0 (1.6
mole of Ni) were suspended jn 8000 ml of water and the resulting slurry was



[0093] A catalyst was prepared as described in Exanple
G except that niobiumwas added and that that the N
to Wto Nb nolar ratio was 0.5 to 0.975 to 0.025. 1.17

rbonate (0.01 noles Ni) was added tgq,
\%‘flisl(tﬁeﬂrol})'b Fﬁng with 4.87 grans of tungstic acid {3‘9%9@3@31527
nmole W and 0.08g of niobic _agdd (0.0005 nol es Nb)

(ex. CBBM Industries). The suspension was put into a
seal ed WeflonTM vessel of 275cc total vol une and

¢ Brated ot Sobreusty 115a0kp0; (88 etk o)l B0 et °
e b TEIND: FB TG W AR od b8 0 S e S Vs

eﬁédtétﬁ%i"@ arfil Ahdinginéd Bi theSteinpefttior ﬁ%eﬁbﬂ%‘i* aBost 24 hours

sul fided as described in Referénce Exanple and tested

usmthg:oﬁtmumhs stsihg. At theendrof thid finke ahmsuspbnimh was filtefedo
WO. 5 R3 HI 150C) [0094] A cat.al Z_&t was prepared with

NiThe gblptned filiereake was aratunixed avith B0 we% of asbmﬂels@agedﬁn the

e Vgharné caasT Bompafiiny The aﬂﬁﬁd@@ﬂ*&% lixtars wes

‘W%ﬁ%g?ﬁﬁfdggg&é%%é&@n veségF{a)ﬂ? 2/5cc tot Eﬁ?ésﬁﬂuently

vedttiried AThie resaltig S@ﬂldk@ﬁ drieml dtd 20%0 fom 16l honaris owérnighd) and
tenmperature under. auto ressure for 6 hours with

ceaheined atu300:3G fori Ingours e g ateserec@yshed andA(-68 mesh

t rature ndthe SOl i f|| dri.e

Arachyvasriefa t‘iS‘o‘?Yaf"ﬁ‘é’&g i e Y syBfide ?1 d tébled

40 60 nmesh fraction

|so+§€lﬁy%§/aélegé e cat al yst was sul phi ded and

tested using the D| esel test procedure D3. Reference

Cat al yst. 3(Ref 3: N|I- W.5 - MO 5 R3 95C) [0095] 188
bonat e 2Ni CO3*3Ni (OH) 2*4 H20 (1.6

nole of Ni) were suspended in 8000 ml of water and the
resulting slurry was WO 2007/ 050633 PCTI US20061041527

@g?!ﬂgﬁg °0.h %g&%&gsﬁé%?&ﬂgmy(olﬂﬁﬁe W) WalBlutfePinBHeiter
of water together with 23.5 g of nickel hydroxycarbonate 2NiCO3*3Ni(OH),*4
H,0 (0.2 molé 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 DS.

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



tungstic acid H2ZWH4 (0.8 nole W were added and the
resulting slurry was heated to 95C and mai nt ai ned at
that tenperature for a period of about 24 hours wth
wBRbdeRys stirring. At the end of this tine,pdhes2006/041527
suspension was filtered. The obtained filter cake was
wet-m xed with 10 wt % of a bitﬂder (based on the total
wei 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
esuspension Wik ut adokisealgd Io¢flan sskliof @7a¢c thedl @ollume and

hours (overnight) and . calciped at 300 C fo haqur. )
Theated MthamicEawas Bdiationrt d 0% min go oS iand lrlelé sBfrputogenic

iesnite af et P ol RY 5 15 o Bbpd @aiBR,, T spomole
Dvas E&Sgg%%@l('%)rﬁé Nnr%?%%tvu\;w aPthe[ LU Rt BnddRéd bﬁéﬂﬁég]} Gt

aci d [ [ [

was slurried in one liter

wh2@C. fThg @btainedumiateriaB was peliéted, the pell¢ty cvevx pnrhéd and 40-60
2N CO3*3Ni (OH) 2*4  H2O (0,2 nole of N ). The suspension
omegly gractianwag isolated Y steying: d hogeateria wm{n gelcinediat 300 °C

t [ f ri a2 verni ghtl. wit.h
R e e rferfh RE5 dich fitpriled Bl B gl
S?ﬁ,@@d\ﬁ—h%_was filtered. The resulting solid was dried
at 120C for 16 hours (overnight). The resulting solid
was pelleted, the pellets were crushed and 40-60 nesh
and the fraction was isolated by sieving. The naterial
wexampled. il WARIHBY€C)f or 1 hour. The material was
then sul phided and tested using the Diesel test

procedure D5. Exanmple K (Nil - WI R3 HT 125C) [0097]
T ta AR ﬂ%@ﬂﬁ ' 5544 St
a@ggrocgsga%}agag?%@gﬁ ed w tal E cr vl\-/gﬁlsgffadi a&tﬁ%tgﬂave

ateaetor keated ostht raipewateiradiaionla? a réactivt termpardhireroftliSGLC and
of about 6 hours. 2.35 2qaof Ni__carbonate
.C .

Niectigistime @f abowted hows 235 smfihircagbenate (- %Oin%.%@nﬁl@?\;ﬁ%added
Re00eS 8w Bone il S eotlor e B 0 B B e
WeEp&ITON WESFR inft a SAEE WeFloh™ R5I&IBF 278k 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 D3,

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



heated with m crowave radiation at 10C mn to 125C and
hel d under autogenic pressure at that tenperature for
6 hours with continuous stirring. The sanple was

0 roomtenperature and the solid filt &E
%igﬁ'ﬁ%@%ﬁm ght at 120C. The obtai ned materi gﬁ Zﬁg’"‘”s”
pel l eted, the pellets were cryshed and 40-60 nesh
fraction was isolated by sievifig. The material was then
calcined at 300 C for 1 hour. The material was then
sul phided and tested using th I esel test procedure

DSUSPERSIOP Weas [puf iglto a-sealed Aeflm el @ISEC wial malfl@r:ylad
r Bene 0 A e Clmin g 7% RS P iR neon e s Sy PR
hECTRERSYY S, AL SunlP was $B6}e35 rbbeAbefARkE antl the solid

t filtéRdc@mddriedavernightodtd 20°CTHe SBtaitied THatefiall wadpélleted, the
acid (0.02 nmole W. The suspension was put into a

spelletsiwerst crustiad ansisd=>60 afiesh iopovas isolatedrbyy sieving. The
heated, wi th, m crqwaye Lation, at C/mn.,to 150C and, .
BRtFTiahas T Giensd at ﬁi@t‘?‘ep hour ihe W%%@r‘ﬁ%&én Siphided
6 ! J 1] The sanple was
_C%Igﬂéééfl\gfs'r%otﬁngijelh%clg?%?ﬁ&edegw‘?ﬁ'e solid filtered and
dried overnight at 120C. The obtai ned nmaterial was
pel l eted, the pellets were crushed and 40-60 mnesh
fExampleN (NEl -+ 3 08750 029 R3Q0°Che material was then

calcined at 300 C for 1 hour. The material was then
sul phi ded and tested using the D esel test procedure

[ T AT e R
(RBE6PWalte Wgtheopivith I3 5 PYLNIRkERY Rbx Riartnate ' €act i on
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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 O (Njl — W0.95 — Nb 0.05 R3 90°C

‘[00101] 47.4 g of tungstic acid H;WO, (0.19 mole W) was shurried in one
liter of water together with 23.5 g of nickel hydroxycarbonate ’
2NiCOs*3Ni(OH),*4 H,0 (0.2 mole of Ni) and 1.6 grams of niobic acid (0.01
moles Nb). The suspension of the 3 solids was heated to 90°C and held at that
temperature for a period of 20 hours (overnight) with continuous stirring, At the
end of this time, the suspension was filtered. The resulting solid was dried at

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



heated at 10C/ mn to 175C and held at that tenperature
for 6 hours with continuous stirring. The sanple was
cooled to roomtenperature and the solid filtered and
nhight at 120C. The obtained materia
qﬁ,ﬂ-{&gﬁft pell ets were crushed and 40- GOE)C*@EZOWMISN

fractlon was isol ated by sieysng. The material was

then calcined at 300 C for | hour. The material was

t hen sul phided and tested using the Diesel test

Seshep ooty 50 g1eph god e gion WaLieP LUy B SBe Aol
Shasfiin Spithicdaf sof E¥Er ) Kb kbR bR plothidiand

m&gsagrmegle;elms@r%msd&e@sgrams of ni obic acid
(0.005 noles e suspension of the 3 solids was
heated to 90C and heldzn that tenperature for a
ith continuous

pX4d 2Fs V<) SWR =2 Hine, the suspension was
flltered The resultlng SO|Id was dried at 120C for 16
hours (overnight). The resulting solid was pelleted,
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f[‘rjglctﬁqon \/\236 |% | at ed @Eagfqgw(f?g @gl)'she rra% éﬂ}"}ﬁg‘b@?lumedmone_
fibarofoeater togetter wit02305 fgaof nicked hydrokiyearbahatei al was
t hen sul phided and tested using the D esel test
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Bl nni Mo PETSPGNRS Rourd toverhiight) it et ctis stfrife, At the

bhd of Higtimes ﬂErszpenswrfn theﬁliemdl The resmitingesdlibiwhe dﬁed:at _
hel d at that gbrrBerature for a period, of 20 hours

32@"& Fardéthouss (ovecwiatin, DaeEesulting solig was pallséed, dheipelicts were

the S The .re tLn
ktisied B 2060y RIS BheliPR s SpEd by i e Hhfbsial
#as ten cﬁﬂclﬁ@d B30T B 1 BOgIThé Beat@ el vedsSthie E;\glpmed and
2007/ 050633 PCT/ US2006/ 041527 -43 crushed 40- 60
testeld wing thiedDiesel dest procsdard BS) at ed by sieving. The
mat eri al

Example i1W0.975 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. 235g 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™ vesse] 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



was then calcined at 300 C for 1 hour. The material was
then sul phided and tested using the Diesel test
procedure D5. Exanple P (Nil W.925 Nb 0.075 R3 900

.2 g oftungstic acid H2W4 (0. 185 oS
@B%%&ﬁ% n one. liter of water together W?Eb%% g 327
of nickel hydroxycarbonate _Zfi CO3*3Ni (OH)2*4 H20 (0.2

nole of Ni) and 2.4 granms of niobic acid (0.015 'noles
Nb). The suspen5| on of the 3 solids was heated to 90C

dheld t er erlodo hour
460 L the arol b Mracuipigded pmdBietaRingcthe Jigscd st
tsﬂ}{) d&'ﬁ the suspensi on was filtered. The resulting
was dr| ed at . 120C for 16 hours (overnight).
The resulting solid was pelleted, the pellets were
crushed and 40- 60 nmesh and t he fractl on was isol ated by
2201 (R¥ud -n¥ Nb 0.05E {l)ci ned at 300 C for 1
hour. The material was then sul ph| ded and tested using
the Diesel test procedure D5. Exanple O (Nil W. 975 Nb

A0RE0LT " Aelcalplet s plert Al AR hERARE i B fffopave

%ﬁ&’ﬁéﬁ@ed ﬁﬁh%ic%\wﬁe ﬁdfaﬁ%ﬁta't ) 'i‘edd%ﬁ%ﬁbéfa@m@fof 150 °@ and
.and reaction tine of about 6 hours

ceadtionatime oﬁabxmtrﬁahmns .35 gmmmlmnatab(u OZ)ﬁmtesdﬂl)\Amsaadded
alon(():jvmth grans of tungstic acid (0,0195 nple W

dgd0 @’réwafgr amgwthflaﬂls;rama iod uymsueesldﬁﬂ (LY m@} Wbra@d

DR RS R Bl (T, Boled TR T SharftRdioh Waeu Shin e
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stirring. The sanple was cooled to roomtenperature '
and heldeat thdti ternpetatareddr 6 hdurkrwithl coptiruniugistirdng. TRO €ample

The obtai ned material was pell et the pellets were
3496 SR0ls 40 doo-SPerRIER ane 168 PO Hllsrer pRiriad Aricd gxprnight at

30054 oo Enf LB B pra, B Bl it lid 40-60
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test procedure Db.
for 1 hour. The material was then sulphided and tested using the Diesel test

procedure D5.

Example 8 (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



Exanple R (Nil - W.95 Nb 0.05 R3 HT 150C) [001041 The
catal yst was prepared under autogenic pressure in an
autocl ave reactor heated with mcrowave radiation at a
{‘m%' enperature of 150 C and reaction tij

abou h‘%ﬂﬁgurs. 2.35 g of NI carbonate (0.02 ”gf!gfg@m/msn
was added to 100cc of water along with 4.74 granms of
tungstic acid (0.019 nole W and 0.16 granms of niobic

acid (0.001 noles Nb). The suspension was put into a

seal ed Wefl onTm vessel of 275cc total vol une_ and, heat ed
a rié@ﬂm Fhe matesiat wag thensulphided ¥es{eé‘rﬂ§maﬂ1?rfgwﬁ teg
hour ' conti nuous .stirring. The sanple was. cool ed
t%o@#ﬁegnperature and the solid filtered and dried
overni ght at 120C. The obtained material was pelleted,
the pellets were crushed and 40-60 nesh fraction was

| Bxdraple @ @ilsi Wili R® 90KD & dawsleri al was then cal cined at
300 C for 1 hour. The material was then sul phided and
tested using the Diesel test procedure D5. Exanple S

hta MO 925 -Nb @, 075..R3 | Ornh001053The catal.yst
ilohggicr or 3908 el ruzde deit W PEkOZ PR ) 1B A R one
r i R G I8k reaction
T i e S e S
FNICO;*2NAD),54 IHO (52 wiebENGY . Tht suspessidh pf trs2 selitizdvas
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dieatedto .90"(]_1 gad ﬂmldeam{:atatnmpemnm for aperiod ofi 7 slays with d
0.0015 Np) . T pensi '
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overnight at 120C. The obtai ned material was pell eted,

tisndated by sieying rEhecmatenialiwas theagabinedrats300 G ari bhourathe
i sql at.ed by sieving., The er, al s then, cal ci,ne t

sl igs e olphitd andie RS Bt she Dlerel ehsbicrtdres,
The material was then sul phided and tested using the

Di esel test procedure D5.

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¢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 roomAtcmperature 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.

Example V (Ni0.9- W1 R1 90°C)




Exanple T (N |- W R3 90C 7 days) [00106] 50.0 g of
tungstic acid WX (0.2 nole W was slurried in one
liter of water together with 23.5 g of nickel

bonate 2N COB8*3Ni (OH) 2*4 H20 (0.2 rpg}rﬁ]
W¥&¥I!E%§%uspen3| on of the 2 solids was heate tos?@grgusz'l
and held at that tenperature4gur a period of 7 days
with continuous stirring. At the end of this tine, the
suspensi on was filtered. The resulting solid was dried

oM, L2040 Db RHET bl 0,2 4 0B toved
aiﬁctobftﬁl of %ﬁdr% 8% solutonafApIRYBf abst Y. Td fifls S6TuA6h,D.4
was then calcined at 300 C for 1 hour. The nmaterial

vimoles Imélanmd)mhudbjcﬂramiﬂet(ea;ﬂédnl)svzsgadded Esnlth maspH increase
procedure D5, mle U
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tocl { h t

P&%ﬁsér%i:%wh T B B e i hen ) il 1 ok TS0

(BPOL Rty T i WS JRAMEHIA ot 30 O (Ietion ) RIa6E bpas
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suspension was put into a seal ed WflonTM vessel of

egiiar 30 anipntesamhile the feraperafure y@srmaintainedsa 905Gy The

dortprit ! RlrereTRRE B0 580 e 3 AU ¥t DI DR
BB ik pEIGULE REpENs (i EEhyHE M0 mest et

obt ai ned terra t he lets were

dsolated by asielidg-Hite matefial was thepcaléined 5103080 ¥l féryl hour, The
sieving. The nmaterial was then calcined at 300 C for 1

meaterial Twas then splphidegcanditegiad vsingrthe Biesehinst prosedwreJad.ng
the Diesel test procedure D5. Exanple V (NNO 9- W1 R
90C WD 2007/ 050633 PCTI US2006/ 041527 -46 [00108] 49.2
%,@ JHTY TR RRY tngeCOZm)IeV\)were di ssol ved
mm%@rﬂ%o l'ution of a pH of about
5.2. To this solution, 0.4 noles of amoni um hydr oxi de

&ca. 30 mM) was added, resulting in a pH increase
00109] e 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 DS5.

Example X (Nil- W1 R2 90°C)



to about 9.8. This solution was heated to 90C (sol ution
A). A second solution was prepared by dissolving 52.4
g N nitrate hexahydrate (0.18 nole Ni) in 50 -m of

solution was maintained at 90C (sol yti .
g?(?ft[orlg%og vvas added dropwi se to solution A #ﬂé{?ﬁg@&usz?

of 7 m/mn. The suspension that formed was stirred
for 30 minutes while the tenperature was naintai ned at
90C. The material was filtered hot and dried in air at

120C overni ght. The obtained nater el l eted
tﬂlﬂlrl@ﬂl ets %@M@nmmwwtﬁw 1260 (e mole W)
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pohiekerhydroeycadbdra@eNICOSNI(DH), *4 HyO 601D anble\NNi) were
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t smpendndmémﬁr ml gbwatesyand thissuspension Wagheated to At es.
oveSodubion P o suspensiohas v il SORRH o r i e
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vol unme and heated at 100 mn to 150C and held at that

t @veeight)r Ehe fesultiag solid Ma&peﬂi:teﬂ, ﬂmrpallctmermrushedragld 40-60
The sg_n‘ple was, c? Fégtp[oo er,at ure_and i
¢ mesly Habtion e iso1atedi Y Slexingo d b dPdfFria LYo e Su an
t the pellets were
PR aing B T BB o sol at ed by

sieving. The material was then calcined at 300 C for 1
hour. The material was then sul phided and tested using
ple ¢ [Ni °d». Exanple X (Nil- W R2
90C) WD 2007/ 050633 PCT/ US2006/ 041527 -47 [00110] 49.2
g of ammoni um net at ungst at e (NH4)6H2V\1204O (0.2 nole W

£} 504 DB BRIl e

Wagct6# Bestet arith| m:df&ﬁ&ﬁirauﬁtﬁ%t @%@bdﬁdnot%n'@eratafe 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 D3.

Diesel Test Procedure D1



of nickel hydroxycarbonate 2N CO3*3N (OH) 2*4 H20 (0.2
nmole Ni) were suspended in 200 m of water, and this
suspensi on was heated to 90C (suspension B). Then

S i B was added to solution Ain 10 m nutes
%ﬁﬁﬂ@ﬂ%ﬁl ng suspensi on was nai nt ai ned at 90&?@?1036’0‘"527
period of 16 hours with contjnuous stirring. The
resulting solid was dried at” £20C for 16 hours

(overnight). The resulting solid was pelleted, the
pell ets were crushed and 40-60 nesh fraction was

i [961 Bled bylhsicaialygs weretesteddniadowmsSlowuhulan reaetareBach
Fetoipt Ebepntigiet fig@e?cﬁéﬁyﬂh?ﬁt B8 ey axppnatr 1 SRC®

HEE0AEE ind BARAwiOHEOEIeEn ARG S1C fhribled BB g tested,
tthanml;tswwemfpréﬁﬂﬁaemm lid) nﬁ@phmgarésulﬁdmg uabtgumfreed
of Ni carbonate nol es Ni) was added

tdssargisingfebled avhich bo o sp:kechmtg methyiisulfade to b tota
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6 hours with continuous stirring. The sanple

cooled to roomtenperature and the solid flltered and
dried overnight at 120C. E!ogtained materi al was
pell eted, the pellets were ed and 40-60 nesh
fractiqon was isolated hy sieving The material was then

cal ci ned at 300 C for 1 hour. The Gws@nanzmomen

sul phi deg—ara—test s+rg—t+he—Dbiesel—es preced e
D5. Di e@é‘i‘@&%‘&"eﬂ@f re DL WO 2007/ 05063§4

PCT/ US2 f cataty WET €

t est ed F’*nglgg%gvm- ?to ubdl ar reacgtor. Eag_%é r eact ot

tube contained 10 ml of catalyst njxed wth an equa
amount |[of SIC particles and sandw ched between |ayers
of Si C| Muord abamticB¢Fowtp being tested, thé.Scatalysts

were pi | |q|||rl nh::mp | nculflrll ng usin
t he feelPi-aromatics (%wt) 10.8
Dit+-aromatics (%owt) 0.8
Total aromatics (%owt) ' 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




described in Table | which had been spiked wth

dinmethyl disulfide to a total sulfur content of 3.7
wt.% The presul fided catal ysts were then tested in the
WooPhdseasi ng of a di esel feedstock having thgcrszoosnd1s27
properties shown in Table 1. Table 1 GAS On. FEEDSTOCK
Sul fur content (%Nt) 1.24 Ngorogen content (ppmm) 86
Mono aromatics (%) 16.5 Di-aromatics (%w) 10.8

D +-aromatics (%w) 0.8 Total aromatics (%w) 28.1

Si mul at-§@23h—,§g-,J Tt B nt
184 5( ? g §18 6 10% Vol ure (C) %15. 1 209

Vol une % Vol'ume. (C) 264.8 &H¥pyolunme (C) -
276. 4 5?& Vo?h[a ) 286.8. 60% Volune (C) 298.1_  70%

Vol.une GG%%Me(AQ)ZOOW 050633 PQT/ 1JS2(888.941527 | -49
80% Vollune (C) 324 7 90% Volune (JC) 345 3 959% Vgl Line

(O 360FmammhngBoimt(@ Point (C)| 373.8 3B&13]-- [The

cat al ysts—were—tested—urder—the—two—corei-tors—showh i n
Tabl e

[00113]--.  The catalysts were tested under the two conditions shown in Table
2.

Table 2
Presulfiding | Condition 1 | Condition 2
Temperature (°C) 315 320 340
Pressure (bar) 30 40 ‘ 20
H, to oil ratio (NI/1) 200 : 300 300
LHSV (1/h) 3.0 2.0 1.5
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:



2. Table 2 Presulfiding Condition 1 Condition 2
Tenperature (C) 315 320 340 Pressure (bar) 30 40 20 H2
to oil ratio (NI/1) 200 300 300 LHSV (1/h) 3.0 2.0 1.5

' t Procedure D2 [00114] The catal yst

H’)(S%)glgosﬁﬁ{% the reactor in a manner anal ogous P}Q%%W{Mlsz'i
is described in D . Before b%ion_g tested, the catal ysts
were presul fided via I|iquid-phase presulfiding using

the feed described below in Table 3 which had been
spiked with dinethyl disulfide to a total sulfur

content of 3.7 wt.% The XableBfided catalysts were

then tested in the hydrotreating of a diesel feedstock
havi ng [fhe properties shown in Tabl &% OROFERBSTOCRY33
PCTI US2006/ 041527 -50- Table 3 GAS O L FEEDSTOCK
Sul f ur |cSulfierdonfétit{%wk) 23 Ni trogen conterft23 ppmat ) (85
Mono arjomatics (%) 16 6 Di-aromptics (9

Di +- ar driditrogen comtent (pmwidot al arofatics (8t) 28.4

Si nul ated—bBr-stiHHat+-eor—ASHA-B-86—ptt+al—Botti+ng—Petnt
180 5% Volune (' C) 220 10% Vol umg (' C) 233
Mono aromatics (%wt) . 16.6
-| Di-aromatics (%owt) 11.1
Di+-aromatics (%owt) v 0.7
Total aromatics (%wt) 284
Simulated Distillation ASTM-D 86
Initial Boiling Point ' 180
5% Volume (*C) . 220
10% Volume ("C) | 233
20% Volume ("C) 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.



20% Vol une (' C) 250 30% Volune (' C) 262 40% Vol une

("C 273 50% Volune ('C) 284 60% Volune ('C) 295 70%

Vol une (' C) 307 80%Vo| umre ('C 321 90% Vol une (' C

m@%& oI ume (' C) 345 Final Boiling Point & okt sy
e catalysts were tested under the two

condi ti ons shown in Table 45\ 2007/ 050633

PCT/ US2006/ 041527 -51- Table 4 Presul fiding Condition

1 Condition 2 Tenperature (C) 315 315 340 Pressure

(bar) 45 45 20 H2 to oil ratio (NU) 200 200 200 LHSV

(1/h) 3.0 1.5 1.5 Diesel Test Procedure D3 [00116] The

catal yst was | oaded into thgyg tor i.n a manner

anal ogous to what is desci&ﬂgel'ggicn DI ‘ Before bei ng

testhd’ tha oAt Al vyot o vanr nrac-|||'F

phasd prLeIsIaI Fluarngjguu& né’f? @@‘i‘%l‘l bGPWPEZ
Tabl ¢ hagh—been—sp o—wirtrh UII try fde
to a ]o % Gp)content g?gs 7 W 1$ pre?iqofl ded
cat allyg % hen tested 441 the hydrgreatl ng 9

di esel feeds havilng the properties shown i n abI el -

5. W)}pzqazrp@ﬁamml US20060041527 200 200 -
LHSV (1h) 3.0 1.5 15

Diesel Test Procedure D3

[00116] -  The catalyst was loaded into the reactor in a manner analogous to
what is described in D1. Before being tested, the cafalysts were presulfided via
liquid phase presulfiding using the feed described below in Table 5 which had
been spiked with dimethy! disulfide toa total sulfur content of 3.7 wt.%. The
presulfided catalysts were then tested in thé hydrotreating of a diesel feedstock
having the propertles shown in Table 5.



-52- Table 5 GAS OL FEEDSTOCK S (w\t. % 1.2 N (ppm)
84 total aromatics (WM. % 27.8 polynuclear aronmatic
(PNA) 11.7 (W.% nono-aromatics (W.% 16.5

j 3¢S (Wt.9% 10.8 tri+-aromatics (wt. %
O i o0 on ASTM D B0 Thirier boti i@r%%p?g?“ﬁ’t"“m
184C 5 vol . % 218C 10 vol % 2231C 30 vol . % 265C 50

vol . % 287C 70 vol.% 310C 90 vol. % 345C Final boiling
poi nt 374C [00117] The catal ysts were tested under the
two conditions showmn in Table 6. WO 2007/ 050633

PCT/ US2006/ 041527 - 53 Table 6 Presulfiding Condition 1
Condition 2 Tenperature (C. 330 340 Pressure
(bar) 40 40 20 ' %E&.é '

GAS OIL FEEDSTOCK

S (wt.%) 1.2
N (ppmwt) 84
total aromatics (wt.%) , 27.8
polynuclear  aromatic (PNA) 11.7
(wt.%)

mono-aromatics (wt.%) 16.5
di-aromatics (wt.%) 10.8
tri+-aromatics (wt.%) 0.8
Simulated distillation ASTM-D 86

Initial boiling point 184°C
5vol% 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] The catalysts were tested under the two conditions shown in
Table 6.



H2 to oil ratio (NI/1) 300 300 300 LHSV (1/h) 3.00

2.00 1.50 Diesel Test Procedure D4 [00118] The

catal ysts were tested as described in D3, except for
mhﬁgmﬁpace vel oci ty in the 1st condition. PCT/US2006/041527
Presulfiding Condition 1 Condition 2 Tenperature (C)

320 330 340 Pressure (bar) -48-40 20 H2 to oil ratio

(NM 1) 300 300 300 LHSV (1/h) 3.00 1.50 1.50 D esel

test procedure D5 [00119] The catal yst was | oaded into
the reactor in a manner anal ogous to what is described
in DI. Before being tested the catal ysts were

presul phided via liquid pl'laﬂﬂe gr esul phi di ng using LGO
feed described helow in Ta which had been Ql"\l ke

with|dinethyl disulfide thesulﬁdm@ Gonditipn dgricendition 2

3.7 Fhe esulphided—catalysts—were—thenrtesteq
in tflgeﬁwmgfng of a didel yfeeo@ock havi t he
propé T Tapte 7 780 40@7‘/’0‘5"633

PCTI u%gﬁf/eﬁw - 54- [Tabl d? GAS O LUFEEDST(I’,?KOS
(Wt . 997, %o 59G8tio M) T03Zgpt ot gl arggpgat 1 ds (wigpXd

. 28.3| nmono-aronatics (wl. %9 16.5 |di -aromatilcs (W .9

11. 0| LHSV(Bhpmatics (wt|. % 300 S mulented di still30atign
-ASTM D86

Diesel Test Procedure D4

[00118] The catalysts were tested as described in D3, 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 (NI/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 lﬁresulphiding 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:



Initial boiling point 178.4C 5 vol.% 211C 10 vol %
224C 30 vol % 261C 50 vol . % 283C 70 vol % 309C 90
vol % 348C Final boiling point 372C [ 001201 The
%ﬂo%@s‘o were tested under the two conditions shown in
a Yo 2007/ 050633 PCT/ US2006/ 041527 55 PFJBJSé“"é’“‘“W
Presulfiding Condition 1 Conggt_l on 2 Tenperature (O
320 320 340 Pressure (bar) 45 20 H2 to oil ratio
(NI/1) 200 300 300 LHSV (1/h) 3.00 3.00 1.50 WO

2007/ 050633 PCT/ US2006/ 041 6 az0m00O0NWDO
% C4 mOoaooOo0o0O0 NoOCAONMOO O
ﬁV&OoNooo+oL S ILEEEDSYOCK = "N O T oﬁ o T

S (wt.%) 1.1969

N (ppmwt) 102

total aromatics (wt.%) 28.3

mono-aromatics (wt.%) 16.5

di-aromatics (wt.%) 11.0

tri+-aromatics (wt.%) 0.8

Simulated distillation ASTM-D 86

Initial boiling point 178.4°C
5 vol.% 211°C
10 vol.% 224°C
30 vol.% 261°C
50 vol.% 283°C
70 vol.% 309°C
90 vol.% 348°C
Final boiling point 372°C

[00120] The catalysts were tested under the two conditions shown in
Table 8:
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Table 8
Presulfiding | Condition 1 | Condition 2

Temperature (°C) 320 320 340
Pressure (bar) 45 145 20
H2 to oil ratio (NI/1) 200 300 300

LHSV (1/h) ' 3.00 3.00 1.50
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[00123] The results obtained under Diesel test
procedures D3 and D4 show that active binetallic
ni ckel tungsten catalysts with NN to Wnole ratios of

Wosfe7/4s868 1 can be obtained by R3, using hydipgihiRbibBbais2?
conditions. [00124] The resul-t58 -obt ai ned under D esel

test procedure D5 show that |onger reaction tines are
necessary to obtain sufficiently active binetallic
cat al ysts under atnospheric synthesis conditions, from

SAERE iS5 oA aPERERLEY Bb BRI R0 i e
Bﬁg@g@ﬁf%ﬁlyﬁ%ﬂimﬁ By RBhE P{cﬁé dkfive fiah I BinstANiR  catalysts

est " procedure D5 al so show that snmall anmount's
oprepired bytR2. synt hesis mixture have a favorable effect
on catal yst performance. 59 What is clained is: 1. A
bul k catal yst conprising nickel tungsten netal oxidic

LA o2, S Wfpef hbec b AP RGP RREY
ekl 5keRen GRARBING oy obBEA & RITrOM o syiesis mixture
@ontiinivigbs NetaW inohgsitiorof 1.5 ismproidtivelthana dickehmolybdenum
slurry further con‘pnmgg | ess than about 10 nol e % of

dimstadlie datalyst pbteinedhyt RY frone B synthesis aixtuse haviag adNbievo
of Grou LB nejal and |g&ss. t han,about nol e, %, af
elecRid of e A0 aloampis2ctiye than & Bigeaic Ball Tstgl catelyst
\Q%ﬁ@&@ (ii) reacting the first and second solid
metal co

ounds at el evated tenperature and under
conditions sufficient to formthe nickel tungsten netal
oxidic particles, whereby the first and second solid

f80123] c onrpdihedresultsrabtained uhderdRiepeltestprocedures D3 and 4 show
ate .durin he .eptiire reaction erein_the bul k
Hpciies biadallt e R o AR ol TS NE 0 Y, PEOIR B pEess
i AW t ' [ . | ection
XA caf'bl obBEAEY RS} hahg nilitcindinpd Bendiibis ' °7 L1
reflecti ons between 32 and 36 and between 50 and 55,
and wherein the main reflections have a full wdth at

108K24)uxi nilhe cenlspobidinedunder Diesel thest procegure 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.



2. The bul k catalyst according to claim1, which is
heat treated at a tenperature below a tenperature
where transition to a crystalline structure occurs. 3.
The bul k catal yst according to claim21 having a nicke
to tungsten netal nolar ratio between about 0.2 and
about 2. 4. The bul k catal yst according to claiml,
wherein the protic liquid i8water and the reaction is
done under hydrothermal conditions at a reaction
tenperature above about 100C and a pressure higher

han about. 1 bar. 5. The bul k catal yst according to
wi??tdfﬁlnaﬂn%v!ﬁerel n the netal nolar ratio is between

about 0.2 and about 1.5. 60 6. The bul k catal yst
according to claim5, wherein the netal nolar ratio is
1.bet viebwlk catlyst comyeisingahickisbiungsten metalToxidib phiticles vliepein the
n the.metal nolar ratio is

t
b‘@g&iﬂ %‘B%Bl%refaéerqé’ye?ﬂ’d'ﬂ%esslzcoé’imd’smer ein the reaction
I S qDTemdhg & YREhITh ifidtlsylimeRPEIMouad chhfssing Srovd. Vilinfetal

bul k cat al yst accor di ng to claim7, wherein the netal
ol dlickebarda sesonsksolid etal spmpeund comprising Group ¥IB metaihagsten

bul k |

P oad? BBk R QR Mk CShBlifind esf 150 bl Dol 24 o7 a)
hou rssconal@sroﬁmvm tletal ¢relatil o Blthawed amionet If Grow@VIB inetals) and
wherein the first conpound is a nickel carbonate or

hy drless yhagabpetnfmaole pﬁnga)wl}F mgtab(ralative tertheytotal efthe Group

abouyy /9. 11. The bul k catalyst according to
claiml, Turther conprising a Goup V netal, wherein

t he (d)ymeactingahe fitseartd oud\bolid tretal compaindy et dlévatddaermpdrature
of th VI.B netal s | S between about 0.1 and )
abouid i‘%%?'édl%’ﬂsﬁ‘%fa R theicle) Gngsien gie 'ﬂﬁgwaﬂlcle&

cl a'\ﬂleéééyg t%@ﬁ{(s?hr{ﬁ stel?@ndgbﬂﬂ' theM] EBthFdunds ré?ﬁ:ﬂtp htl'lg:lst gérﬁy irfthe

sul catal yst conprising a bul k catal yst
acccsnljdstgtetdmnngdlemmretthtmh,as been sul phided. 14. A

W ?la |ﬂg‘ﬂﬁ'§f %/:ﬁ%yégl R ag\%hlf I%%xapgloﬁ stru(t:tllillne Sﬁ%ﬁ% ags{-ray
diffraction pattern with a single reflection between 58 and 65° (diffraction angle 20) and
main reflections between 32 and 36° and between 50° and 55°, and wherein the main
reflections have a full width at half maximum (FWHM) of less than about 2.5°.

2, The bulk catalyst according to claim 1, which is heat treated at a temperature

below a temperature where transition to a crystalline structure occurs.

3. The bulk catalyst according to claim 1 having a nickel to tungsten metal molar
ratio between about 0.2 and about 2.

4, The bulk catalyst according to claim 1, wherein the protic liquid is water and the
reaction is done under hydrothermal conditions at a reaction temperature above about

100°C and a pressure higher than about 1 bar.

5. The bulk catalyst according to claim 4, wherein the metal molar ratio is between

about 0.2 and about 1.5.



and a binder, wherein the bul k catal yst conprises at
| east about 60 wt % nickel tungsten netal oxidic
particles. 15. A process for the manufacture of a bulk
catal yst conprising nickel tungsten netal oxidic
particles, the process conprising 61 (i) formng a
slurry of a first solid netgd conpound conprising G oup
VIIl metal nickel and a second solid nmetal conpound
conprising Goup VIB netal tungsten in a protic
liquid, the slurry further conprisi | ess than, about
6.10° i bubp Bpalyst a%ces{%to %@pi%srewetﬂgm 0k 130 1 gevygen
Fm of Group VIB netals) and |ess than about
ab%gtt(ﬁ% e %gﬁl'a Goup V netal (relative to the total of
the Goup VIB netals), (ii) reacting the first and
secqund,.solid netal conpounds at el eyated tenperature
7. and Rk colAR progrUng (oralai o BRI tE FRial O AT FedELEs between
abbit"OSIdeBotES &d hdrélh Shekidtiot one abiB5@RYalkykembiphdfic and
second solid netal conmpounds remain at |east partly in
pressere. sol id state during the entire reaction, wherein
the bul k catal yst has a netastabl e hexagonal structure
having an X-ray diffraction pattern with a single
8.1 ef IBRibufcabiysteeordity A Waif57, Whefeiil 6 frictd) niMH ratic’fd befiten
main reflections between 32 and 36 and between 50 and
abget 1 andcabaptel-®in the main reflections have a full width
at half maxi mum (FWHM of |ess than about 2.5. 16. The
process of claim 15, further conprising one or nore of
9.t he Thelbutkvdatdysp acvdedifg tosdlsimst, whieiein the eqaatiad isrgrricd @ut for a
.metal oxidic particles fromthe slurry; (iv)
tlfe‘bﬂ‘?f”ééqaﬁliql?“ By to 40 Wt %relative to the total
wei ght of the bulk catalyst of one or nore materials
sel ected fromthe group of binder materials,
10c onVEhethutknatal yry decopding wxdaimg] , adiereiny/ht firstodmpoarlds agickel
conmpounds_before, during or _after the conbi njng and/ or
CaFhoRateion Y%Pxx-ﬁaégﬂ%%ﬁavwaﬁawe? atiﬁﬂﬁfa{ﬁgm iﬁaﬁa’?&
(flash) drying, mlling, kneading, slurry-mxing, dry
or wet mxing, or conbinations thereof;
11.  The bulk catalyst according to claim 1, further comprising a Group V metal,

wherein the amount of the Group V metal, relative to the total of the Group VIB metals,

is between about 0.1 and about 10 mole %.
12.  The bulk catalyst according to claim 11, wherein the Group V metal is niobium.

13. A sulphided bulk catalyst comprising a bulk catalyst according to claim 1 that has
been sulphided.

14. A bulk catalyst comprising the nickel tungsten metal oxidic particles of claim 1
and a binder, wherein the bulk catalyst comprises at least about 60 wt % nickel tungsten

metal oxidic particles.

15. A process for the manufacture of a bulk catalyst comprising nickel tungsten metal

oxidic particles, the process comprising



(vi) shaping; (vii) drying and/or thermally treating at

a tenperature below a tenperature where transition to

a crystalline structure occurs, and (viii) sulfiding.

17. The process according to claim15, wherein the

Goup VIIl to Goup VIB netal nolar ratio is between
about 0.2 and about 1.5, theiprotic diluent is water

and the reaction 62 is done under hydrothernal
conditions at a reaction tenperature above about 100C
and ressure higher than apout 1 bar. 18. The

pr odDdermigg s Qfg "%ﬁaﬁfﬁmfef CofpRotiag ROmPRS I GOV el
dong;@el mgg d s%hihhetafcmganﬁraoﬁl RERE o ii¥nifal tungsten
t enperature bel ow about 120C and erein the netal

nmol dan a praticiliguids thesiwmsefurthéraomptisiag desa thao ebdut 30 nidle %Mdfa

process cor di tg.claiml erein t re ion
bt vistdgre VI8 els] weladiet e ol Bt A1 0P VB aifls) and
aci ded3qmdh dbBACI) RBle 308 NORADI Vet (rElafiPd toQhe &84 @Pthe Group
metal conpound is a basic solid and the other netal

conpdBmietals),an aci di ¢ solid conpound. 20. The process

accqr.ding.tq, claim 19 erein the first tal J(qrou

o1 0 tearlinadpi it B stoond e i mbbindl a(FiaPled PRy
S eC Gind ufBdrabndifGMUIRLidnS tfor HRUHCRE lungRit@inetadskidR pafticles,
acid. 21. The process according to claim 20, wherein

t he Wherehy thafirst andnegonsisrolid metal spmpeusdp buais atdeast partly in the
fro@oﬁ{i'ﬁ%@%ﬁnﬂ?hﬁ%ti?&ga%‘%gfei n the protic liquid
ed fronfrthe e

separa reac metal oxidic particles in
wh?efrﬁﬂ the bulk t&taly§-hds & thetdstabRdskagoRalR&uétutechal ignin X eay

slurry in stepi).
diffractior)l/ pattern with g sin)gle reflection between 58 and 65° (diffraction angle 20) and
main reflections between 32 and 36° and between 50 and 55°, and wherein the main

reflections have a full width at half maximum (FWHM) of less than about 2.5°.

16.  The process of claim 15, further comprising one or more of the following process
steps:
(iii) separating the metal oxidic particles from the slurry;
(iv) compositing with 0 to 40 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 and cracking compounds before, during or
after the combining and/or reacting of the metal compounds;
(v) spray-drying, (flash) drying, milling, kneading, slurry-mixing, dry or wet
mixing, or combinations thereof;
{vi) shaping;
(vii) drying and/or thermally treating at a temperature below a temperature where
transition to a crystalline structure occurs, and

(viii) sulfiding.

17.  The process according to claim 15, wherein the Group VIII to Group VIB metal

molar ratio is between about 0.2 and about 1.5, the protic diluent is water and the reaction



62

is done under hydrothermal conditions at a reaction temperature above about 100°C and a

pressure higher than about 1 bar.

18.  The process according to claim 15, wherein the reaction is done at substantially
atmospheric pressure and at temperature below about 120°C and wherein the metal molar

ratio is between about 1 and about 1.5.

19.  The process according to claim 15, wherein the reaction between the first and
second metal compound is an acid/base reaction and wherein the first or second metal

compound is a basic solid and the other metal compound is an acidic solid compound.

20.  The process according to claim 19, wherein the first metal (group VIII) compound
is a metal (hydroxy) carbonate and the second metal compound is a (group VI) metal

oxide or acid.

21.  The process according to claim 20, wherein the first and second solid metal
compounds are free from nitrogen atoms and wherein the protic liquid separated from the
reacted metal oxidic particles in step iii) is re-used at least in part to form the slurry in

step i).



