A bul k catal yst conprising nickel tungsten netal
oxidic particles The invention relates to a nicke
tungsten bul k catalyst, to a process for the 5

manuf acture of said catalyst and to the use of said
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conmpounds, the production process is nore conplicated.
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invention are particularly sensitive to heat
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1 - 2 m). The SCS of the bulk catal yst can be
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the process optionally further conprising one or nore
of the follow ng process steps: (ill)separating the
netal oxidic particles fromthe slurry,

15(i v) conmpositing with O to 40 wt% (relative to the
total weight of the bulk catalyst) of one or nore
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first and second said netal conpound(s) are porous
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facilitate shaping can be added. These additives may

conprise alum nium stearate, surfactants, graphite,
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gl ycol s, polyethylene oxides, or mxtures thereof. If
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spray-drying, it is preferred that the shaping step is
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water. Preferably, for extrusion and/or 5 beading, the

amount of liquid in the shaping m xture, expressed as
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above, slurry m xing the obtained oxidic netal
particles with, e.g., a binder, isolating the
particles via filtration, optional internediate
pre-drying of the precipitate, wet m xing t he
filter cake with a material, such as a binder,
kneadi ng, extrusion, drylng cal ci ni ng 5and
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dinvemtign{ prefepatnCafts c@ﬁpdsfﬁﬁg bRy ﬁﬁpir@ﬁs??ﬁro%ﬂﬁie\y%h@ ?arre as that

d Y ,sual inspec ea
c ot EbitoRd ritEBBeets S BRiSlne WEF i BAtioar e et oydinparicies
d%@@y havg genedlarapore rettametevenfed eragt AmOks deteinkthed by mtrogen

L?ﬁ"é‘?ﬂa et Rime B IS AV B pBRbYEr B €l B more
aP'@ Pd t Bemiéaiand giosh greferably ad 0. fal- Lomisg: assmiemmed by

Vaitrbden ddeardptig. No point in time during the process of
the invention all metals will be in the solute state.

Medi an particle size was also determined with Iight
sCGanarally| thg tulieeataljsd meetidings athé Grivieftibh. after compositing and shaping

has a mechanical strength, expressed as side crush strength (SCS), of at least 1
Ibs/mm and preferably of at least 3 Ibs/mm (measured on extrudates with a diameter of

10



10 Quantitative deternmination: if the nmetal conpounds
whi ch are added at least partly in the solid state are
added as suspension(s), the anount of solid netal
conmpounds added during the process of the invention
can be determned by filtration of the

suspension(s) to be added under the conditions which

orobod Fr""J'e?")e‘ilhéJI £cp ’bgperb‘ﬁ(ﬁ g%'}si & SRS ifnrcg%ﬁ%{’@ gompositing
sol theimetal exidig partiglesovithzs sw'menhammmt efibindensi on(s) is

collected as solid filter cake. Fromthe weight of the

solid and dried filter cake, the wei ?ht of the solid
met 19 otain-satalvet-comapsitians with biokimrehanial strengthait may be desirable for

3 ethé) cataigst-cofbositin o Che m\feni?d?ﬁtbthaflé 8 Wﬁédr@bomﬁt?' Preferably, less

co ou rther o i d u as a

569 ot s, e, e, f 8 SRiaeb Rerpsikion Bl Pa@e ot ayfiameter
thlmgheolthalt 00 nair (detdrtihetdby maancury bﬁuﬁubtdbﬂtabteﬁg‘ler O1%0°), more
th i SO|Id and dried filter 20 cake. The
a &%*tgﬂag?‘iessglftqaé °ta| conpounds in the filter cake can
al so be determ ned by standard techni ques such as

102t Ok GinddBiet stbqelafégsﬁté CHptNed 6@?@3? gé@omﬁ“@ﬁwg a bulk cfatalyst

chem cal anal ysis

whigCFPrdipg tothg dnyention whichthap been wlwweathega\rqnaors@'m @laa¢5et° the

addeé o{ the Bbik leataliitdr demecﬂfwk &dtél}s@des@nﬁdd'abbﬁ f’oﬁ)ﬁydroprocessmg
genera

I is no

O aF hrvotaival TeeBRRR PG, St cang ke oditng roanic
vvelcgmwowﬁstdm tooa mmnfﬂr lolyral depi mldrodesutghudsatidn rof tsalphur and
co a .

15 WBH&W' conts C@ %&Xr?g i dé‘ - feet %og%ng ﬁ?r}g \@ﬁxtg%ﬂ'ngo heo tér? S with an
i m(lm)w'ﬂ eél’wlko??@tyﬂ aspording to/the dnveesfionc al cul at ed as

metal oxi des. 30 4. Characteristic full w dth at half '

xi mum The characteristic full width at half max

of 1y NiEwestithe relatiel| g astivlies @8 rasasiRd.dn &1 DRE (9l PG thgy ickel
t heun¥stenatdlybf dfa:empﬁratl\léaéxhﬁblé Bin WoeomaB#d, Sids sufstising to find

h ] h | f [ mn i h \
207 e e kBl st B ooyl Seoraing o 1R s SBEHERA iy o
angptivity end efnws3Sioaedchaerylow sulpb@:. Iéve{stin The byddopatce8gng-of a real
35nﬁrgggr9 and SE%UII B&tﬂﬁﬁge rfé‘gdnfﬁ gﬁ’&afg thaf? g')ex‘!; ?‘Yor DBT does not

diffraction tern, ract one
eqﬂ?%ﬁw'wq"ﬁa'ath@ ﬁetawﬁ éhﬁ*rtﬁﬁ% @n$tdﬁrate@+ hyssesaghen Jg%c& containing
TheitrogersiH 8886Y toGRIpHint dofipBukdd Withoud wushiih@ t@ BE BBIhdASY theory it is

foIIows nerator, settin and, 40 mA
25 T ERG et he At AR g 7oL OB good at refovalof S,
anbit- gsabbiter stl ihesremum of \nitrdgah. e redhaivaicbfonitredent prelerfis the

MMy atS sqf?ro 8%§ f%éé %%on ac}sbl%ﬁ\/ nﬁt!%g'en gorﬁfo%ggéjgnd prevents

I nStr he Tnv
f ufeﬁH@\On |°f thmch\dv otS mnavaloesultingin low residuat $ulphdr leuglow.
R3 nmeans a reaction process wherein both the first and
nmej al ounds are at |east partly 15 solid
30 0 PP GVRTOBIOPFSSG RoMiReGATYeRh SNERIERERES Al BIOBSSARR i Which 2

at hydestatboanfeedfis rduteli Wit h@jrogéﬁ'ﬁ ememdatenq:@gmmm tlévated
t he acti.on a

, [id d | A
orRreStng. BRldng, HoceleR suBf . o iRy e sup Hiatin,
| nhwmdgngosttlatm. hRdroserestallizatipn, hydredeandmeatieationahyldroissnarization,

WEﬁn@rﬁde&ha%?hgt &éh?&r@iﬁgﬁ@ Uﬁﬁﬂﬁwg Pr@@ﬁr@ %onditions,

bulk ensi t

3 r e¥eh 'arpowmﬂ#w retsfred ihes @il%wrmmpm&@vﬂgomoqwof the
results are given in Table 9 wherein RVA and RM are
relative volune activity and rel ative weight activity,
respectively, based on the total catalyst anmount

| oaded in the reactor. HDNii s hydrodenitrogenati on and
I-1DS is hydrodesul phurisation. The tests were
performed using two different tenperature and pressure
test conditions 1 and 2. The postfix 1 or 2 (for
exanple in RWMAL and RWA2) refer to the test condition
1 and 2 25 respectively. The RWA HDN1 results are not




35 Conparative Experinent Cl.1 and Cl1.2

(N 1.5M0.5W). 5 R3) 115.2 g of Mb03 (0.8 nole M,

ex. Aldrich) and 200 g of tungstic acid H2W4 (0.8

nole W ex. Aldrich) were slurried in 6400 m of water

(suspension A) and heated to 90C. 282.4 g of nickel

hydroxycar bonate 2Ni CO3*3Ni (OH) 2*4 H20 (2.4 nole of
wer e suspended in 1600 m of water

an a‘"Yf"‘é‘E‘i“ebs PB""%@Y( suitaBlen o ohydpreating Thydrosatbka | feedstocks. Such
hy dydrojreating qinatesses Soehptise, tehy. Shy@%eétﬁbﬁuﬁ%aﬁ&{ fﬁmm:ﬁ‘&genahon

Y e AT e
r esTidie digtillatsst kere, naphthan vaduainngse o, 0 Gebwl gas GRS C@n@llentuonal

f pkéee eg;btpi ous .stirrin
5?he engé)gtgn&tt 'é&\s/&{nrﬁ agls{s’%\s pgﬁ@%ﬁ u(uﬁﬁén Hel rf"lé?eg%f 205‘%4950%
yi AePSHIES inthe yange of %%Sgab@eépew veirgitiesaindthé sdnge ofidj 11t h-1, and

of Hilldnrmathgmﬁgapm@od@qm ng been 10 converted to
t hei r oxi des). e obtained filter cake was wet-m xed

wth 2.5 wt% of a binder (based on the total weight of
t h@he aulkcatalyst@osapding fol theinventio® caitictsed PVirRAlly af hyﬁrbﬁrocessmg

m | order, to . obtajn an extrua
1071 Plodbsek TPudle il b ol Glet iR arging /eeciom aoncitioes, o.9. o
r eé%"l'nera’lige% ol thel rangs of 2D@fcko A50°L2 Biirfgeh préssbeelis the range of 5 to

oam i ad o udbod 955 i o ion

procedure from Di esel test procedures D1 and D2

( prmes fioke? timgﬁelqauﬂl cat%@sgocgrdi J ﬁ-@l ﬁleﬁ onn%gﬁﬁﬁlgw difitable for

15 Ex rrent 2‘9’ g g
hep i & t"?ﬁET yrmﬁ%zf qheﬁqmge(? 1t wasn@lsefovpd thex the activity
Al dirthe hycka Qungstien bdlk&%fdlyse dcdofuu@élte%ermvée@b@ s pc&iwélyl Geﬁandent

o bt @b linkeuf Btba e ot Rob 4% ahvariedt ohp st
A) actigityangd the gfenn lowk reisidhigidsutphyr ievélo iagven more pronounced at high

2 Npréédaie3 Nbér@ﬂ)a?lgdf L Jr"@ ! o%teMgd ) %x réabgILL at)o&% Jnore

Om of water suspensl

20°, e%{F‘EE?%@@bWéO( keYi<gY8R S1oamPrBferabisrabavestsanai st preferabls above 50
adubedTHecefare] thié catalyé dcBordifg 1 fhkétuﬁ/‘éntnoﬁ ”sdmbglead(/%%déo'uflﬁ Esed in

tai ned a erio
o, PSS 88 rRecleRufiaton A rvetrdegireaspelirs atisaimeptiof a
%hyq'mraelmgaifeegdstxfeam @r it akproces fextheudlaslisotirtlof 1 [0bFiGant (=
biji#Rating offy. | €d, cal cined and sul phided as described in
o5 and tested using the procedure from D esel test
procedure D2. 30 Conparative Experinment 03 (N11 .5W

RZ%eAeﬁiﬁiaNle%hurV\@ﬁel@ aReah o&%ulgﬁﬁgéﬂonelpea'trﬁe%gmeﬁ%e&‘alyst

%ﬁé’é °O§e )é(’bl’{ggtl'%'/‘éf ?Xfagé*"w@%?@aop@gfgg'g belpw: 20, gnase preferably
alfpﬂbm 10nandahast prajerably elolls pomeHEMNY 2dHal &tr@géﬁ%@elé’!re even

r o ycar g@eﬂaq m%nd 28@0"?‘9‘1 &1%"(’2”& Riefp@bly;bplow 5

Tﬁed o8\ prefreablytsiow 33HeE. For betimving cesiduze saiphu Udvalsssbiow 10
WahdJ hesid@fal EHltFoggﬁtl@'%1 el€ %EW %nhﬁP\ptra r&graglgeﬁagonv éqejgcgasmg

t hei r oxid tai ne
(RFP?F "% 2% v5es Ald errejeraw iabgve 2%y meracrieterablys abgyei 3k dndisnost
dpteratheabove@ 40Cbaand t ested using the Diesel test
procedure 02. 5 Conparative Experinent C4 (N 1.5Mol
R3) "A catal yst was prepared as described in
Conparative Experinent O, except that only one G oup
VI B netal conponent was applied: a catalyst was
prepared using 230.4 g of nol ybdenumtrioxide (1.6
nole Mo, ex. Aldrich) and 282.4 g of nickel
hydr oxycar bonat e 2Ni CO8*3Ni (OH)2*4 H20 (2.4 nole Ni).
The yield was about 98 % 10 based on the cal cul at ed
wei ght of all netal conponents havi ng been converted
to their oxides. The obtained filter cake was extruded
(with 2.5 wt % binder), dried, calcined and sul phi ded
as described in d and tested using the D esel test

1 g P~



(Tabl e 9) and al so better than Ni Mo catal ysts (C2 and
4) and than catal ysts prepared by a route R2
preparation process (C3). Exanple E2 (N 0.75W. R3 HI)
5 A catalyst having a NM nolar ratio of 0.75 to 1
was prepared in a manner anal ogous to what is
described in C5, except that the reaction was carried

oar b fihia WA e 628 plebeison e impalieding of T bilk catayst
t erAseording fodheinvergion raprisinghat t he reaction tinme was

about (16 @tiring alshify df atfet Bbic ik aﬁ%&nﬁi%%ﬁﬂﬂg@%ﬁ? Vil metal

Ni)- was adde 00cc o

of 10 t ungK¢lc@ndca geqond eolicrpetal wmpomg COmppisings Gmupvws metal
Sput i nto aurgelherh M@ﬁé ﬁtﬁhmﬁé%‘ﬁﬁ@'furﬁfer 2&.39& %fgséllthan r‘]lotmole %

vol ume and, heat ed
t enper at uPk 356N ﬁ ‘ﬁa'dfﬁ‘ﬂt'f’?] ER)I5'§ tetal arppyny of Braup VIB

sanpl e wametais)land 1és3 marom melaesfat GloBp ¥iikktdl (vlatwd todhe total of
filtered %dGr% ?%t@%fg!rs{n ght at 120C. The obtai ned

materi al was p ‘he pellets were crushed and
40- 60ies reakting ttheo rfirstasind s sécahd dsdiiy metat/lamglpoﬂ’ﬁds at elevated

1omateri al 3e?nﬁé’?a?ur& Wﬁg eﬁ%‘ bR Sfla & %na ?%g%%%r“ emaln at

procedure from ¥ es est roce
t he per f oleAgirRaglyon the, golig %’f%tﬁ aiunmg:tmaqnmeyrsactm t J;orm the ‘nickel

[ rrpr oved gg{w@gumgagpﬁ trimetallic catal yst of
e& %ﬁ"EggggeEBF‘NHWRBI—ﬂ' 20 A catal yst
ol & %%ssrw Y HEGEY sampgising opg or raare gfihe fallawing proceds/stpps:
ol ariily at sepavating thetreetdl oRidid paftigles frbf theashaty, On was

SO DR L AT PRI e o

t enper at uvatalyst) 060 . Beregmeferials selactod rfedne thed) glRp of bmder

nol es Ni )m%ﬁa@%ﬁ\%nil giv rgéels&ﬁg{/\fﬂtalﬁéné)% %Mﬁg‘lco%%ounds

grans of tungst| c acl suspen
was put iPRY®a diRg & | 1 sembjieing candigr reactpgsel the metal
total vol ¢compoands, heated at 10C/ mn to 150C and hel d at

t hat errpera re f urs wi.th continuous stirring.
20 e ¢ ey

25

The $anpl ¥" '%o PGo NG sReagingr lumidnixings dry or wet
solid fi lmigingbraombidationd thevenfni ght at 120C. The

obt ajped was pelleted, the pellets were
cr us ﬂ agngl %b@{) nmesh fraction was isol ated by

si ev Vﬂ)g dryieg @ad/er ithearmeallystredtiog at @ tempbeaturenbelove st tethperature
usi ng t haviRFOFAIEE td 4 SRt o
Surprisingly, the perfg}?%rrarllce o?ﬁlt he @’E%t aHbﬁlch%W c.
material of E3 is inproved as conpared to the

t rTheesolid-dlid pfdteds adomainy t6 tl@lnﬁé&& ﬁ\%séﬁﬁe&m detail, as Gne of the

;BRI aBR C BRRGE, B8 3 ttaanty WRLBERRRIT Wi s
pr"@fﬁ!\ﬂthtlﬂcomomwaefereadeout on a larger scale. 164.5 g

of Ni carbonate (1.4 nole NI) was added to 14 liters
30 of water along with 699.6 grans of tungstic acid (2.8
motP @y . The suspensi on was put into a 5-gallon

35

adthe ek Gquid i&ebeaébb%‘d |ﬁ\ﬂ% M@éesﬁ loPHE Predbit u'i\feﬁﬁcﬁfcaﬂtbg any protic

2 to, 150C at tenperature
h ﬂ?'én '%af“ﬁ' 8 5t MA Y'a'ﬁ S@N'WﬁCﬁ'@ anfalcobglisueh g drethapplegthanol
t or maixtanes ethqzreofabﬂsr theapdtic Fiqlidan I0d Iprcfasé foe gl p%&ént invention

d M t 0C. _The obtain

wEr e 3Bl 8 o forlhes Wele HLeE Pifyresiof ah scohol and
Céi‘latﬁfnﬁlﬂ’ goe Pefpisbiewates Alsocdifibrent proti€l liqaidd tars tbedapplied
using Diesel test procedure D4 Exanple ES

(N10. 5\WD. 975N-b0. 025 R3 HT) 10 A catal yst was prepared
as described in E4, except that Nb was added to the
reaction mxture, that thg;NN to Wto Nbo nolar ratio

was 0.5 to 0.975 to 0.025, and that the preparation

was carried out on a larger scale. 164.5 g of Ni
carbonate (1.4 nole NI) was added to 14 liters of

water along with 682.5 grans of tungstic acid (2.73

nole W and 11,19 g of niobic acid (0.07 noles Nb)

M~ T~R mA 3



25cat al yst i n non-hydrot hermal reaction conditions.
Exanple E7 (Nil W R3 HT125) The catal yst was prepared
under autogenic pressure in an autocl ave reactor
heated with m crowave radi ation at a reaction
tenperature of 125 C and reaction tinme of 30 about 6
hours. 2.35 g of Ni carbonate (0.02 noles N) vvas

added fo 100cc .of water on 99 gr ans
t und@P'faee%Bd" (toe effc?ﬁawéa'w in W@"sﬁ%’d'@?ﬁ%‘g%dt &wswe to add a
i ntsuspersiealofch Métal confpduny @s ettansifto %ﬁ&tﬂeduetsabpéﬂ@ibumﬁ another

' di
PRl B ag ol S B e il el i e
f orregctinpuf thevretle liguidtis watensthe tsplubilitn gf theHGrogm¥ill renvwable metal

|
$0?§?r%@s2§3§ﬁ1{0% ?{eil‘ag %oﬁB%ﬁdQ ‘%\g&ﬂ 4ré atségét é;aﬁ[xe‘q the solid
peI

g Qkff'"gtth%P'ﬁ%‘fSFé’f the inNeptsrgansraliiis #vd 0.0 malk 100 mi water
frattga@) was isolated by sieving. The material was
then calcined at 300 C for 1 hour. The material was
t hen sul phided and tested using the Diesel test
pr dictbe pratic Bguid & viatempliblESidkdl compoudd wilch=0g afllBsst partly in the.

102 S oSt Sere i ARG il T Ot RO SO iriel Bpfpany o
a 1osagtes.oncitalep ercathonatenf hygitoxgcadnatesac thydroxidese nuflybdates,
ab%&spﬁat@@ Uﬁ.lﬁgsta?ies'3 %xﬁeé’forwhmﬁf%sgﬂgébﬁ Mﬁtﬂ %elr@dﬁﬁy Ig?r)oonate

gddgd to 100cc of water g?
tuﬁ’!j’ 3l BYOSeAs, (ckoh cABIOBAtaY .or TRESReRs ShBies obeinga nast;{ Preferred.
i nmnaaﬂﬂtmeﬂdlﬁdat\wémﬁﬁhé/w gRlup2driife &a%cfﬁateVg}b n the

an ve ra
155 R e el ool G Ahe b ol o Brerebly U veiecrdinon O-
f ol apd mostsefeiably Oclorft8.nuous stirring. The sanple was
cooled to roomtenperature and the solid filtered and
dried overnight at 120C. The obtai ned naterial was
pePhitableytungsien pampasipds whicle are atiseet pantly indhessplicstdte during the
fr ﬂtbt:és%nofv\lﬂ\% inﬁéﬂtnaﬁ %@mgﬂses Vﬁfé'r—ﬂﬁoluﬂ_ Qecuh{%feﬁré&dpom such as

th hour e material was

t niRe€Eh At oK tamsten sl ids WL B VESS fmgsten carbide, ortho-
pr tiogstior acid) §HVIERAHI0)e tirgsieWWMitrids, aldminiufh tungsth! Yido WS- or

P SO SR R EAREL S R oG Srno st
r ed@d ansHungstancdi-and trioxige being p@ferred. r eacti on time of
about 6 hours. 2.35 g of Ni carbonate (0.02 noles N)

to 100cc of water along with 4.99 granms of
23 m‘ﬁfﬁgﬁ'ﬁc@ & rgaqtion between the\yst and seapnd pretel Fesppokad ispan acid/base

i n’eactmnsaadltmﬁﬂi&frlseedﬂd M&Eﬁéﬂmd&ﬁn@%@ﬁ‘as‘c@oﬁd andPthe Biher metal
an&n@%%aelg 2 é‘c /mn to 175C and held at that
t empératur 8" PEMC 8RS h conti nuous stirring. The

sanpl e was cooled 25 to roomtenperature and the solid

f

1106 RS BB e, B Lrd TR, o
30 4angPeRenshsaiig Mﬁ' GpMprund; ase frge digmbyitregen \atams, arifitbe protic hqund

lTBdeﬁﬁdatUd fﬁbﬁﬂhé ha%etee %{e@él B%Q.c%tartéﬁg m%tépgf ) islrellREA d ot 1688 in part to

Ulp i d and test usi ng

L 108 il T 50 0 e Rasorably o B aropess (5 T s fomaund is a

hynhket (hgdrosy) carboratel andnise $e2Bhd metalcampdlAde WNGSHE oxide or acid.
i nprovenent of the activity conpared 30 to-reference

catalyst C and to the sane catal yst E6 not prepared
under hydrotherrnal conditions. Exanple E10

(N 1Nb. 025W 975 R3) 48.7 g of tungstic acid H2W4
(0.195 nole W was slurried in one liter of water 35
together with 23.5 g of nickel hydroxycarbonate

2Ni CO8*3Ni (OH)2"4 H20 (0.2, nmole of N) and 0.8 grans
of niobic acid (0.005 noles Nb). The suspension of the
3 solids was heated to 90C and held at that
tenperature for a period of 20 hours (overnight) with
continuous stirring. At the end of this time, the
suspen3| on was f| I ter ed The resul t| ng sol | d was dr| ed

A PN PN~

20




10 Exanple E14 (N | NbO.05W. 95 R3 HT150) The catal yst
was prepared under autogenic pressure in an autoclave
reactor heated with mcrowave radiation at a reaction
tenperature of 150 C and reaction tinme of about 6
hours. 2.35 g of NI carbonate (0.02 noles Ni) was
added to 100cc of water 15 along with 4.74 grams of

t ungst | 19 npol e ngdg 0..16 gra f niob
ot 0P 15968 enspis, HE proces, MesBh MectighestaGhaa of Aaragmentally
s eaiﬂetddlwwfd esnifomically sptimabéat@yd pooduciion) Apactifromehefadt that the metal

heaéo%%oﬁﬁds]&qﬁh&télﬁ)?&é% g équ rh%odthg‘ea%i%g %‘ n%%gé%éragdltnon

for 6 hours w ou33|rr|n
cootfedmmenia do the: eaption amixtuee, aasd for rﬁe(amdb iinl WQ |aoe4/eamed so the

9r i @eceay & éHtEN frélst of bt en LiRensOthéke W@ So 9t gﬁalgﬁ’dé\ O(Yf?ragig?] ions like

pel | et eq, SIE | ets were crushe ) > .
Fr AT 28TpEgirate émffﬁypretrce*eﬂwﬁ’gon Tepeatedhfesyding, thers is no strict
t heneed admuahaiihg alie Aindd dephraled ®iitic péﬂ'tﬁesnﬂ\bﬁﬁé ﬁiss \&Adironmental

d t t Di
pr ocedur ec%%g n Sséi u%ﬁl’qﬁﬂﬁqg? g\ﬂg‘?%al'g tpge iFre ggnger of
25 €Rhlesiongt duey ot amlmnum emateembltufodmatloammgaﬂ b@capséaﬂf&ucaa!yst is
10 n b’i’fﬁetﬁf% el c?n%ﬁus’irggﬁhg Fealdfit &?% l@ s‘in&:l%} gsltg%%@ 55 oply,one group VIB

ralatlon at a t1on tenpe ur
r edeataldhereican befnommpsmpw:ﬂ . the gBHP /1B Mmetdis om rapyeliag of the

( 0.s8paratel aiguilli ateMRsctidf dBékalise wgﬁn nd@q{e@\zl: alt Qé‘é%t ghltﬂ? solid

gﬁg &I ftunstlcaC|d 0.018

’9-% ﬁ. feacéfg" e @nany st mstalssdisggived in Q{?é‘ﬁéﬁ@f’ dsmall

vvasan@ inendenibsses asesrhalier. W&?érﬁfdré'n tNe S5t biftletallid iﬁtélyapls easuer to
a

15; 0 Hbvell 8 WERoRLeNSRLER i 08 Fiet i bR s R, feteis, B need
Th(iio Q%ﬂﬁﬁte twegroup ¥lBenietats, mbishig eerp @ifficulti rGoneardiondl @rocesses for
S Ol{eOsdpat atiSh Sﬁdm ol tbﬁ%t%vgﬂ:@ P%]edaﬁ'huf’l EOG\lan&%r%ous in terms of

obt aj ned rraterl
cr (RveRd rerRvF! 'm)Pfe@Sﬁﬁ@w'Wta&qStsramraaseﬂ metaldedpyery yield.
SI eving. The material was then calcined at 300 C for 1

The er.i.al was then hi ded and tested_ usi
204 hé% optapy o B Sota C?JP%%S"&BU%@M Gl pelivityEit ds prgfepred that the
shiirst and\serond solidonstali compgureiis)adry poroud refahtanbdunds. For the first

h I f I

e SR R R 0 - 2
pr E'dar ROER ¥olyme BV ElQ)2Q emiZgZas Petermibesicbyanittagen adsorption), and
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86 Mono aromatics (%) 16.5 Di-aromatics (%) 10.8
D +-aromatics (%v) 0.8 Total aromatics (%uw) 28.1
Sinmul ated Distillation ASTNI-D 86 Initial Boiling
Point 184 5% Volune (C) 218.6 10% Volune (' C) 231.1
20% Vol ume (' C) 250.9 30% Vol une ('C) 264.8 40% Vol une
("C 276.4 50% Volune ('C) 286.8 60% Volunme (' C) 298.1

70%5¥9Mi&él%ol§r0|%ﬁo7 or8 804%;/8 lféjsrtrg}. &éy@ver, in view of simplicity and the
economics of the process itself, the bulk catalyst can be (and preferably is)
manufactured in a process wherein the reaction is done at substantially atmospheric
pressure and at temperature below 120 °C, preferably below 110 or 100°C:

Step (iii)
After the reaction step, if necessary, the obtained metal oxidic particles can be
separated from the liquid, e.g., via filtration or spray drying. In one alternative
embodiment, such a small amount of protic liquid is used that no liquid needs to be
10  separated from the solid reaction product. The wet 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-fiquid
separation technique can be used. The separation can be done before or after being
composited with additional materials. After solid-liquid separation, optionally, a wéshing
15 step can be included. Further, it is possibie 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)

20 If so desired, an additional material selected from the group of binder materials,
conventional hydroprocessing catalysts, cracking compounds, acidic promoters such
as phosphorus of fluorine or mixtures thereof can be added during the above-
described preparation of the metal oxidic particles or to the metal oxidic particles after
their preparation. Preferably, this additional material is added to the slurry after the

25  preparation of the metal oxidic particles and prior to the separation step, but in any
case prior to the shaping step. This additional material is mostly added after the
separation from the liquid in the mixing/kneading step. Examples of other additional
materials that can be composited with the metal oxidic particles in the catalyst
according to the invention are described in WO 00/41810.

30
In all the above-described process alternatives, the term "compositing the bulk catalyst
with a material" means that the material is added to the bulk catalyst or vice versa and
the resulting composition is mixed. Mixing is preferably done in the presence of a liquid
("wet mixing"). This improves the mechanical strength of the final catalyst composition.
35
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324.7 90% Vol une ('C) 345.3 95% Vol une (' C) 360.3
Final Boiling Point ('C 373.8 The catalysts were
tested under the two conditions shown in Table 2.
Table 2 Presul phi ding Condition Condition 2 1
Tenperature (C) 315 320 340 Pressure (bar) 30 40 20
[-12 to oil ratio (NM 200 300 300 LHSV (1/h) 3.0 2.0

1 5Compositing the metal oxidic particles with said additional material and/or incorporating

10
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25

30

35

the material during the preparation of the metal oxidic particles leads to bulk catalysts
of particularly high mechanical strength, in particular if the median particle size of the
metal oxidic particles (Particle Size Distribution was measured by Near Forward
Scattering.) is in the range of at least 0.5 um, more preferably at least 1 um, most
preferably at least.2 um, but preferably not more than 5000 um, more preferably not
more than 1000 pm, even more preferably not more than 500 um, and most preferably
not more than 150 um. Even more preferably, the median particle diameter lies in the
range of 1 - 150 um and most preferably in the range of 2- 150 yum. 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 after compositing with the binder.

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

as such or after peptization.

Step(v)

The slurry, optionally comprising any of the above additional materials can be
subjected to spray-drying, (flash) drying, milling, kneading, slurry-mixing, dry or wet
mixing, or combinations thereof, with a combination of wet mixing and kneading or
slurry mixing and spray-drying being preferred. 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) ‘ ,

If so desired, the metal oxidic particles optionally mixed with any of the above
additional materials may be shaped optionally after step (i) 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

18



Di esel test procedure 02 The catal yst was | oaded into

the reactor in a nmanner anal ogous to what is described

in DI. Before being tested the catal ysts were

presul phided via |iquid phase presul phiding 10 using

the feed described below in Table 3 which had been

spi ked with dinethyl disulfide to a total sulfur

con L of 3.7 wt. % Th resul phided catalysts werge .
¢ heSoF et unfom Seevats oo arle ekt Sty Bt e, Broponte,
havpaiugthyleee pglysolsr tholysthylamavnoxides, Tab| mixittes 1 therebliblfethid shaping

GA . . e 0 .
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(LOI), is in the range of 20 - 80%.

Step (vii)

After an optional drying step, preferably above 100°C, the resulting shaped catalyst
composition may be thermally treated if desired. A thermal treatment, however, is not
essential to the process of the invention. As described above the bulk catalyst
according to the invention 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 450°C, more preferably
below 400°C, even more preferably below 375°C, most preferably even below 350°C.
This thermal treatment is typically done on the final bulk catalysts after compositing
and shaping, but could also be done on the intermediate powder followed by re-
wetting. The heat treating time can vary from 0.5 to 48 hours and is done in an inert
gas such as nitrogen, or in an oxygen-containing gas, such as air or pure oxygen. The
thermal treatment can be carried out in the presence of water steam.

The process of the present invention may further comprise a sulphidation step.
Sulphidation generally is carried out by contacting the bulk catalyst, directly after the
preparation of the metal oxidic particles or after any one of the further process steps
(iii) - (vii), most preferably after the shaping to a shaped bulk catalyst, with a sulphur-
containing compound such as elementary sulphur, hydrogen suiphide, DMDS, or

~ inorganic or organic polysulphides. The sulphidation can generally be carried out in situ

and/or ex situ. Preferably, the sulphidation is carried out ex situ, i.e. the sulphidation is
carried out in a separate reactor prior to the sulphided catalyst composition being
loaded into the hydroprocessing unit. Furthermore, it is preferred that the catalyst
composition is sulphided both ex situ and in situ.

A preferred process of the present invention comprises the following successive
process steps of preparing the bulk catalyst according to the invention; contacting and
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imul ated Distillation ASTMD 86 Initial Boiling
glowt 180 5% Vol une (C) 220 10% Vol une (' C) 233 '20%
Vol une (' C) 250 30% Vol une (' C) 262 40% Vol une (' C)
273 50% Vol une (' C) 284 60% Vol une (C) 295 70% VoLuma
("G 307 80% Vol ume (C) 321 90% Vol une (O 341 95%
Volume (' C) 345 Final Boiling Point ('C 354 The

cat

in
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%g%@é %ﬂﬁ[ﬁg Bafug Ss%?o%d Eﬁ%g@rapt ﬁ‘d% :%81"3 c\)Arr]lt(ljwl grtlati%ni?qui%h .%Ngescribed
above, slurry mixing the obtained oxidic metal particles with, e.g., a binder, isolating
the particles via filtration, optional intermediate pre-drying of the precipitate, wet mixing
the filter cake with a material, such as a binder, kneading, extrusion, drying, calcining
and sulphiding.

The catalysts are characterized using the following methods:

1. Side-crush strength

First, the length of, e.g., an extrudate particle was measured, and then the extrudate
particle was subjected to compressive loading (25 Ibs in 8.6 sec.) by a movable piston.
The force required to crush the particle was measured. The procedure was repeated
with at least 40 extrudate particles and the average was calculated as force (Ibs) per
unit length (mm). The method preferably was applied to shaped particles with a length
not exceeding 7 mm.

2. Porosimetry

The N2 adsorption measurement was carried out as described in: Paul A. Webb and
Clyde Orr, "Analytical Methods in Fine Particle Technology”, Micromeritics Instrument
Corporation, Norcross, GA, USA, 1977, ISBN 0-9656783-0-X. Where median pore
diameter MPD is mentioned, we refer to the pore size distribution extracted from the
desorption branch of the nitrogen sorption isotherm according to the BJH method as
published: P. Barrett, L. G. Joyner, P. P. Halenda; The determination of pore volume
and area distributions in porous substances. I. Computations from nitrogen isotherms,
J. Am. Chem. Soc. (1951), 73, 373-380. Total surface area is determined by the BET
method: S. Brunauer, P.H. Emmett and E. Teller, Adsorption of gases in
multimolecular layers, J. Am. Chem. Soc. (1938), 60, 309-319,

Macropore volume determination, typically for pores having 60nm or higher pore
diameter, was carried out by mercury (Hg) porosimetry as described in e.g. Paul A.
Webb and Clyde Orr, "Analytical Methods in Fine Particle Technology", Micromeritics
Instrument Corporation, Norcross, GA, USA, 1 977, ISBN 0-9656783-0-X. The contact
angle used was 140 degrees.

3. Amount of added solid metal compounds
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Condi tion Condition 2 1 Tenperature (DC) 315 315

340 Pressure (bar) 45 45 20 H2 to oil ratio (NM 200

200 200 LHSV (1/h) 3.0 1.5 1.5 Diesel test procedure

D3 The catal yst was | oaded intc> the reactor in a

manner anal ogous to what is described in D. Before

being tested the catal ysts were presul phided via

i gpi.d..Rbha r.esul phi di ng usi ng the feed descri bed
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- (QELS) or near-forward scattering, which are known to the skilled person, can also be
used to verify that at no point in time during the process of the invention all metats will
be in the solute state. Median particle size was also determined with light scattering
(near forward scattering).

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.

If the metal compounds which are added at least partly in the solid state are added in
the wetted or dry state, a filtration generally is not possible. In this case, the weight of
the solid metal compounds is considered equal to the weight of the corresponding
initially employed metal compounds, on a dry basis. The total weight of all metal
compounds is the amount of all metal compounds initially employed, on a dry basis,
calculated as metal oxides.

4. Characteristic full width at half maximum

The characteristic full width at half maximum of the oxidic catalysts was determined on
the basis of the X-ray diffraction pattern of the catalyst: the characteristic full width at
half maximum is the full width at half maximum (in terms of 20 scattering angle) of the
peak at 20 = 53.6° (x0.7°) and at 20 = 35° (£0.7°).
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GAS O L FEEDSTOCK S (w.% 1.2 N
(ppmat) 84 total aromatics (w. % 27.8 pol ynucl ear
aromatic (PNA) (w.% 11.7 nono-aromatics (w.% 16.5
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-aromatics (w.%

For the determination of the X-ray diffraction pattern, a standard powder diffractometer
equipped with a graphite monochromator can be used. The measurement conditions
can, e.g., be chosen as follows:

X-ray generator seftings: 40 kV and 40 mA ,

wavelength: 1.5418 angstroms,

divergence and anti-scatter slits: v20 (variable),

detector slit: 0.6 mm,

" step size: 0.05 (°20),

time/step: 2 seconds,
Instrument: Bruker D5000.

The invention will be further illustrated by the Examples described below. R3 means a
reaction process wherein both the first and second metal compounds are at least partly
solid during the reaction. R2 means a reaction route wherein at least one of the first or
second metal compounds is at least partly solid during the reaction and at least one of
the other first or second metal compounds are in solute state, R1 means a process
wherein all metal components are in solute state. CBD means compacted bulk density
of the catalyst. HT means hydrothermal reaction condition. The diesel hydroprocessing
test results are given in Table 8 wherein RVA and RWA are relative volume activity
and relative weight activity, respectively, based on the total catalyst amount loaded in
the reactor. HDN is hydrodenitrogenation and HDS is hydrodesulphurisation. The tests
were performed using two different temperature and pressure fest conditions 1 and 2.
The postfix 1 or 2 (for example in RWA1 and RWA2) refer to the test condition 1 and 2
respectively. The RWA HDN1 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 sulphur and nitrogen levels after the hydrotreatment
were determined and given in Table 9 under column S1, S2 and N2. 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 C1.2, C1.1, C5.1, C5.2 and C6 in D1, D2,

‘D3, D4 and DS respectively were defined as 100. All other RWA/RVA values are

calculated relative to these reference catalysts.

Comparative Experiment C1.1 and C1.2 (Ni1.5M00.5W0.5 R3)
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10,8 tri+-aromatics (mt.% 0.8 Si mul at ed
distillation ASTMD 86 Initial boiling point 184C 5
vol . % 218C 10 vol . % 231C 30 vol . % 265C 50 vol . % 287C
70 vol . % 310C. 90 vol . % 345C Final boiling point 374C
The catal ysts were tested under the two conditions
shown in Table 6: Table 6 Presulfiding Condition 1

Congid3 §7s b3 MBS RS MR, LA S 200 g of tungstic acid H2WO4 (0.8
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mole W, ex. Aidrich) were slurried in 6400 ml of water (suspension A) and heated to
90°C. 282.4 g of nickel hydroxycarbonate 2NiCO3*3Ni(OH)2*4 H20 (2.4 mole of Ni,
ex. Aldrich) were suspended in 1600 ml of water and heated to 90°C (suspension B).
The nickel hydroxycarbonate used in this and the other examples had a B. E. T.
surface area of 239 m?g. Suspension B was added to suspension A in 10 minutes,
and the resulting mixture was maintained at 90°C for a period of 16 hours (overnight)
with continuous stirring. At the end of this time, the suspension was filtered. The yield
was above 98 % (based on the calculated weight of all metal components having been
converted to their oxides). The obtained filter cake was wet-mixed with 2.5 wt% of a
binder (based on the total weight of the catalyst composition). The water content of the
mixture was adjusted in order to obtain an extrudable mix, and the mixture was
subsequently extruded. The resuiting solid was dried at 120°C for 16 hours (overnight)
and caicined at 300 °C for 1 hour. The catalyst was sulphided and tested using the
procedure from Diesel test procedures D1 and D2 (presented as C1.1 and C1.2 in
Table 9).

Comparative Experiment C2 (Ni1.5Mo1 R2)

282.4 g of ammonium heptamolybdate (NH,)sMo;0,,*4H,0 (1.6 mole Mo, ex. Aldrich)
were dissolved in 6400 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). 282.4 g of
nickel hydroxycarbonate 2NiCO3*3Ni(OH),*4 H,0 (2.4 mole Ni, ex. Aldrich) were
suspended in 1600 ml of water, and this suspension was heated to 90°C (suspension
B). Then suspension B was added to solution A in 10 minutes, and the resulting
suspension was maintained at 90°C for a period of 16 hours with continuous stirring.
The yield was about 85 %. The obtained filter cake was extruded (with 10 wi% binder),
dried, calcined and sulphided as described in C1 and tested using the procedure from
Diesel test procedure D2. |

Comparative Experiment C3 (Ni1.5W1 R2)

A catalyst was prepared as described in C2, except that the only one Group VIB metal
component used was tungsten: a catalyst was prepared using 393.6 g of ammonium
metatungstate (NH,)sH.W,204 (1.6 mole W, ex. Strem Chemical) ) and 282.4 g of
nickel hydroxycarbonate 2NiCO;*3Ni(OH),*4 H,0 (2.4 mole Ni). The yield was about
97 %, based on the calculated weight of all metal components having been converted
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340 Pressure (bar) 40 40 20 H2 to oil ratio (NI/1) 300
300 300 LHSV (1/h) 3.00 2.00 1.50 Diesel test
procedure D4 The catalysts were tested as descri bed
in 03, except for another space velocity in the 1st
condition. Presuffiding Condition 1 Condition 2
Tenperature (pC 320 330 340 Pressure (bar) 40 40 20
H2 to oil ratio (NUQ 300 300 300 LHSV (1/h) 3.00
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to their oxides. The obtained filter cake was extruded (with 10 wt% binder), dried,
calcined and sulphided as described in C1 and tested using the Diesel test procedure
D2.

Comparative Experiment C4 (Ni1.5Mo1 R3)

A catalyst was prepared as described in Comparative Experiment C1, except that only
one Group VIB metal component was applied: a catalyst was prepared using 230.4 g
of molybdenum ftrioxide (1.6 mole Mo, ex. Aldrich) and 2824 g of nickel
hydroxycarbonate 2NICO;*3Ni(OH),*4 H,0 (2.4 mole Ni). The yield was about 98 %,
based on the calculated weight of all metal components having been converted to their
oxides. The obtained filter cake was extruded (with 2.5 wi% binder), dried, calcined
and sulphided as described in C1 and tested using the Diesel test procedure D1.

Comparative Experiment €5.1 and C5.2 (Ni1V00.5W0.5 R3)

A catalyst was prepared as in C1 except that lower amount of Ni was used. The
catalyst was prepared using 115.2 g of MoO; (0.8 mole Mo, ex. Aldrich), 200 g of
tungstic acid H,WO, (0.8 mole W, ex. Aldrich) and 188.0 ¢ of nickel hydroxycarbonate
2NiCO5*3Ni(OH);*4 H,0 (1.6 mole of Ni, ex. Aldrich). The yield was above 98 %. The
obtained filter cake was dried overnight at 120°C. The obtained filter cake was wet-
mixed with 10 wt% binder, extruded, dried, calcined and sulphided as described in C1
and tested using Diesel test procedure D4 (C5.2 in Table 9). The extrudates were
crushed and 40-80 mesh fraction was isolated by sieving. The material was then
sulphided and tested using the procedure from Diesel test procedure D3 (C5.1 in Table
9).

Example E1 (Ni1.5W1 R3)

A catalyst was prepared as described in C1, except that only one Group VIB metal
component was used: a catalyst was prepared as in C1 using 400 g of tungstic acid
(1.8 mole W, ex. Aldrich) and 282.4 g of nickel hydroxycarbonate 2 NiCO;*3Ni(OH),*4
H:0 (2.4 mole Ni). The yield was about 99 %, based on the calculated weight of all
metal components having been converted to their oxides. The obtained filter cake was
extruded (with 2.5 wt% binder), dried, calcined and sulphided as described in C1 and
tested using Diesel test procedure D1. The resuits show that the performance of the
bimetallic Nickel tungsten catalyst of E1 is better than the trimetaliic catalyst C1.2
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to what is described in C5, except that the reaction was carried out under autogenic
pressure in an autoclave reactor heated with microwave radiation at a reaction
temperature of 150 °C and that the reaction fime was about 6 hours. 1.76 g of Ni
carbonate (0.015 moles Ni) was added to 100cc of water along with 4.99 grams of
tungstic acid (0.02 mole W). The suspension was put into a sealed Weflon™ vessel of
275cc total volume and heated at 10°C/min to 150°C and held at that temperature for 6
hours with continuous stirring. The sample was cooled to room temperature and the
solid filtered and dried overnight at 120°C. The obtained material was pelleted, the
pellets were crushed and 40-60 mesh fraction was isolated by sieving. The material
was then sulphided and tested using the procedure from Diesel test procedure D3.
Surprisingly, the performance of the bimetallic catalyst E2 is improved as compared to
the trimetallic catalyst of C5.1 (Table 9)

Example E3 (NiTW1 R3 HT)

A catalyst was prepared as described in E1, except that the NilW molar ratio was 1 to
1 and that the reaction was carried out under autogenic pressure in an autoclave
reactor heated with microwave radiation at a reaction temperature of 150°C. 2.35 g of
Ni carbonate (0.02 moles Ni) was added to 100cc of water along with 4.99 grams of
tungstic acid (0.02 mole W). The suspension was put into a sealed Weflon™ vessel of
275cc total volume and heated at 10°C/min to 150°C and held at that temperature for 6
hours with continuous stirring. The sample was cooled to room temperature and tﬁe
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 sulphided and tested using the procedure from Diesel test procedure D3.
Surprisingly, the performance of the bimetallic material of E3 is improved as compared
to the trimetallic C5.1.

Example E4 (Ni0.5W1 R3 HT)

A catalyst was prepared as described in E1, except that the Ni/W molar ratio was 0.5
to 1 and that the preparation was carried out on a larger scale. 164.5 g of Ni
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tungstic acid (2.8 mole W). The suspension was put into a 5-galion autoclave, the
autoclave was closed 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 sulphided as described in C1 and
tested using Diesel test procedure D4.

Example E5 (Ni0.5W0.975Nb0.025 R3 HT)

A catalyst was prepared as described in E4, except that Nb was added to the reaction
mixture, that the Ni to W to Nb molar ratio was 0.5 to 0.975 to 0.025, and that the
preparation was carried out on a larger scale. 164.5 g of Ni carbonate (1.4 mole Ni)
was added to 14 liters of water along with 682.5 grams of tungstic acid (2.73 mole W)
and 11.19 g'of niobic acid (0.07 moles Nb) (ex. CBBM Industries). The suspension
was put into a 5-galion autoclave, the autoclave was closed and heated at 10°C/min to
160°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 of combined parallel preparations were extruded (with 10 wt%
binder), dried, calcined and sulphided as described in C1 and tested using Diesel test
procedure D4. Surprisingly, the performance of the Nb containing material of E5 is
improved as compared to the bimetallic E4 and the trimetallic C5.2 (Table 9).

Comparative Experiment C6 (Ni1Mo00.5W0.5 R3 HT)

A catalyst was prepared with Ni to Mo to W molar ratio 1 to 0.5 to 0.5. 2.35 g of Ni
carbonate (0.02 moles Ni) was added to 100cc of water along with 2.5 grams of
tungstic acid (0.01 mole W) and 1.44 g of MoO, (0.01 mole Mo). The suspension was
put into a sealed Weflon™ vessel of 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. The HDS performance of the
hydrothermally prepared trimetallic material of CE6 is lower than the bimetallic nickel
tungsten catalyst, in particular in test condition 2.
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Comparative experiment C7 (Ni1W0.5M00.5 R3)

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

. content of the mixture was adjusted in order fo obtain an extrudable mix, and the

mixture was subsequently extruded. The resulting solid was dried at 120°C for 16
hours (overnight) and calcined at 300 °C for 1 hour. The extrudates were crushed and
40-80 mesh fraction was isolated by sieving. The material was then sulphided and
tested using the Diesel test procedure D5.

Example E6 (R3 Ni1W1, 90)

50.0 g of tungstic acid H,WO, (0.2 mole W) was slurried in one liter of water together
with 23.5 g of nickel hydroxycarbonate 2NiCO5*3Ni(OH),*4 H,O (0.2 mole of Ni). The
suspension of the 2 solids was heated to 90°C and held at that temperature for a
period of 20 hours (overnight) with continuous stirring. At the end of this time, the
suspension was filtered. The resulting solid was dried at 120°C for 16 hours
(overnight). The resulting solid was pelleted, the pellets were crushed and 40-60 mesh
and the fraction was isolated by sieving. The material was then calcined at 300 °C for 1
hour. The material was then sulphided and tested using the Diesel test procédure D5.
The results show that at a metal molar ratio of 1 it is impossible to get a highly active
catalyst in non-hydrothermal reaction conditions.

Example E7 (NiTW1 R3 HT125)

The catalyst was prepared under autogenic pressure in an autoclave reactor heated
with microwave radiation at a reaction temperature of 125 °C and reaction time of
about 6 hours. 2.35 g of Ni carbonate (0.02 moles Ni) was added to 100cc of water
along with 4.99 grams of tungstic acid (0.02 mole W). The suspension was put into a
sealed Weflon™ vessel of 275cc total volume and heated with microwave radiation at
10°C/min to 125°C and held under autogenic pressure at that temperature for 6 hours
with continuous stirring. The sample was cooled to room temperature and the solid
filtered and dried overnight at 120°C. The obtained material was pelleted, the pellets
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were crushed and 40-60 mesh fraction was isolated by sieving. The material was then
caicined at 300 °C for 1 hour. The material was then sulphided and tested using the
Diesel test procedure D5.

Example E8 (Ni1W1 R3 HT150)

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 with4.89 grams of tungstic acid (0.02 mole W). The suspension was put into a
sealed Weflon™ vessel of 275cc total volume and heated with microwave radiation at
10°C/min to 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 pelieted, 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 suiphided and tested using the
Diesel test procedure D5.

Example E9 (Ni1W1 R3 175)

The catalyst was prepared under autogenic pressure in an autoclave reactor heated
with microwave radiafion 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 5uspension was put into a
sealed Weflon™ vessel of 275cc total volume and heated at 10°C/min to 175°C and
held at that temperature for 6 hours with continuous stirring. The sample was cooled
to room temperature and the solid filtered and dried overnight at 120°C. The obtained
material was pelleted, the pellets were crushed and 40-60 mesh fraction was isolated
by sieving. The material was then calcined at 300 °C for 1 hour. The material was then
sulphided and tested using the Diesel test procedure D5. Examples E7 to E9 show that
hydrothermal conditions result in a pronounced improvement of the activity compared
to reference catalyst C7 and o the same catalyst E6 not prepared under hydrothermal
conditions.

Example E10 (Ni1Nb.025W.975 R3)

48.7 g of tungstic acid H,WO, (0.195 mole W) was slurried in one liter of water
together with 23.5 g of nickel hydroxycarbonate 2NiCO;*3Ni(OH),*4 H,O (0.2 mole of
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Ni) and 0.8 grams of niobic acid (0.005 moles Nb). The suspension of the 3 solids was
heated to 90°C and held at that temperature for a period of 20 hours (ovemight) with
continuous stirring. At the end of this time, the suspension was filtered. The resulting
solid was dried at 120°C for 16 hours (overnight). The resulting solid was pelleted, the
pellets were crushed and 40-60 mesh and the fraction was isolated by sieving. The
material was then calcined at 300 °C for 1 hour. The material was then sulphided and
tested using the Diesel test procedure DS5.

Example E11 (Ni1Nb.05W.95 R3)

47.4 g of tungstic acid H,WO, (0.19 mole W) was slurried in one liter of water together
with 23.5 g of nickel hydroxycarbonate 2NiCO;*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 80°C and heid 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 D5.

Example E12 (Ni1Nb.075W.925 R3)

46.2 g of tungstic acid H,WO, (0.185 mole W) was slurried in one liter of water
together with 23.5 g of nickel hydroxycarbonate 2NiCO3*3Ni(OH).,*4 H,O (0.2 mole of
Ni) and 2.4 grams of niobic acid (0.015 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 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 D5. Examples E10 to E12 show that even a
small amount of Nb results in an improvement of the activity. The activity levels are
nevertheless low because of the very Jow Ni molar ratio.

Examplé E13 (Ni1Nb.025W.975 HT150)

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
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about 6 hours. 2.35 g of Ni carbonate (0.02 moles Ni) was added to 100cc of water
along with 4.87 grams of tungstic acid (0.0195 mole W) and 0.080 grams of niobic acid
(0.0005 moles Nb). The suspension was put into a sealed Weflon™ vessel of 275¢¢
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 ovemight 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 E14 (Ni1Nb0.05W0.95 R3 HT150)

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 4.74 grams of tungstic acid (0.019 mole W) and 0.16 grams of niobic acid
(0.001 moles Nb). The suspension was put into a sealed Weflon™ vessel of 275¢cc
total volume and heated at 10°C/min to 150°C and held at that temperature for 6 hours
with continuous stirring. The sample was cooled to room temperature and the solid
filtered and dried overnight at 120°C. The obtained material was pelieted, 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 E15 (Ni1Nb0.075W0.925 R3 HT150)

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 & hours. 2.35 g of Ni carbonate (0.02 moles Ni) was added to 100cc of water
along with 4.62 grams of tungstic acid (0.0185 mole W) and 0.24 grams of niobic acid
(0.0015 moles Nb). The suspension was put into a sealed Weflon™ vessel of 275cc
total volume and heated at 10°C/min to 150°C and held at that temperature for 6 hours
with continuous stirring. The sample was cooled to room temperature and the solid
filtered and dried overnight at 120°C. The obtained material was pelleted, the pellets
were crushed and 40-60 mesh fraction was isolated by sieving. The material was then
calcined at 300 °C for 1 hour. The material was then sulphided and tested using the
Diesel test procedure D5. Examples E13 to E15 show a Niobium containing catalyst
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prepared in hydrothermal conditions not only has a significantly increased activity
compared to non-hydrothermally prepared catalysts E10 to E12, but also a very
pronounced unexpected improvement of activity compared to a catalyst prepared in
the same condition without the small amount of Niobium.

Example E16 (Ni1W1 R3, 7 days)

50.0 g of tungstic acid H,WQ, (0.2 mole W) was slurried in one liter of water together
with 23.5 g of nickel hydroxycarbonate 2NiCO;*3Ni(OH),*4 H,0 (0.2 mole of Ni). The
suspension -of the 2 solids was heated to 90°C and held at that temperature for a
period of 7 days 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 D5. The results show
that at very long reaction times an improvement in activity could be obtained compared
to 20 hours reaction time, but that this improvement is relatively small compared to the
improvement obtained by the hydrothermal conditions.

Example E17 Ni1.5W1 R3 HT150

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 275cc total volume and heated at 10°C/min to 150°C and
held at that temperature for 6 hours with continuous stiring. The sample was cooled
to room temperature and the solid filtered and dried overnight at 120°C. The obtained
material was pelleted, the pellets were crushed and 40-60 mesh fraction was isolated
by sieving. The material was then calcined at 300 °C for 1 hour. The material was then
sulphided and tested using the Diesel test procedure D5. The results show that in
hydrothermal conditions very good results can be obtained at higher metal molar ratio,
but that a higher metal molar ratio is not necessary or desirable.

Comparative experiment C8 (Ni0.9W1 R1 90)
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49.2 g of ammonium fnetatungstate (0.2 mole W) were dissolved in 800 ml of water
giving a solution of a pH of about 5.2. To this solution, 0.4 moles of ammonium
hydroxide (ca. 30 ml) was added, resulting in a pH increase to about 9.8. This solution
was heated to 90°C (solution A). A second solution was prepared‘by dissolving 52.4 g
Ni nitrate hexahydrate (0.18 mole Ni) in 50 mi of water. The solution was maintained at
80°C (solution B). Solution B was added dropwise to solution A at a rate of 7 ml/min.
The suspension that formed was stirred for 30 minutes while the temperature was
maintained at 90°C. The material was filtered hot and dried in air at 120°C overnight.
The obtained material was pelieted, the pellets were crushed and 40-60 mesh fraction
was isolated by sieving. The material was then caicined at 300 °C for 1 hour. The
material was then sulphided and tested using the Diesel test procedure D5. The resuits
show that also in preparation route R1 it is impossible at a metal molar ratio of 1 or
lower to get a highly active catalyst in non-hydrothermal reaction conditions.

Comparative experiment C9 (Ni0.9W1 R1 HT150)

The catalyst was prepared under autogenic pressure in an autoclave reactor heated
with microwave radiation at a reaction temperature of 150 °C and reaction time of 30
minutes. To a solution of 10.48 g Ni nitrate hexahydrate (0.036 mole Ni) in 100cc of
water was added 9.86 g of ammonium metatungstate (0.04 mole W) and ca. 6 ml of
ammonium hydroxide solution (0.08 mole NH4OH). The suspension was put into a
sealed Weflon™ vessel of 275cc total volume and heated at 10°C/min to 150°C and
held at that temperature for 30 minutes with continuous stirring. The sample was
cooled to room temperature and the solid filtered, washed and dried overnight at
120°C. The obtained material was pelleted, the pellets were crushed and 40-60 mesh
fraction was isolated by sieving.' The material was then calcined at 300 °C for 1 hour.
The material was then sulphided and tested using the Diesel test procedure D5. The
results show that also in hydrothermal reaction conditions a catalyst according to the
invention E8 has a higher activity than a comparable catalyst prepared by route R1.

Comparative experiment C10 (Ni1W1 R2)

49.2 g of ammonium metatungstate (NH,)sH,W1204 (0.2 mole W) were dissolved in
800 ml water, giving a solution with a pH of about 5.2 at room temperature. The
solution was subsequently heated to 90°C (solution A). 235 g of nickel
hydroxycarbonate 2NiCO;*3Ni(OH),*4 H,0 (0.2 mole Ni) were suspended in 200 ml of
water, and this suspension was heated to 90°C (suspension B). Then suspension B
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was added to solution A in 10 minutes, and the resulting suspension was maintained at
80°C for a period of 16 hours with continuous stirring. 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 fraction was isolated by sieving. The material was then
sulphided and tested using the Diesel test procedure D5. The results show that also‘in
preparation route R2 it is impossible at a metal molar ratio of 1 to get a highly active
catalyst in non-hydrothermal reaction conditions.

Comparative experiment C11 (NitW1 R2 HT450)

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. 3.52 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 pelieted, the
pellets were crushed and 40-80 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. The results show that also in hydrothermal
reaction conditions a catalyst according to the invention E8 has a higher activity than a
comparable catalyst prepared by route R2

The full width at half maximum (FWHM) was measured for all examples and was found

. to be below 2.5 in all examples.

Diesel test procedure D1

The catalysts were tested in a down-flow tubular reactor. Each reactor tube contained

- 10 ml of catalyst mixed with an equal amount of SiC particles and sandwiched between

layers of SiC particles. Before being tested the catalysts were presulphided via liquid
phase presulphiding using the feed described in Table 1 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 1:

Table 1

33



PS EL 9 LL 99 01 6L GCs ZL 01. 971 BE 001 ZNCH
VAN itci. 6Z1 -- S 601. EL 001 ZOL El1. 66 89
09 09 1.1. 1711,- , PP 001 ZSOH VWN 911 LP 61 9Z 9
6 901 LL 1.9 9 11. 65Z 91.Z 1 001. 1SOH WAN
99 9 It Z61 12 91.1 t7Z1 Ca 1 176 69 O. ZP

091. 191. , Ltrl. 9 001 ZSCH VAN 61,1 6171 99
611 179 LOL Z1.1. ICl. zs BE 9P 1 QOt. 6LZ
. \/AN.QQ17. 1 0017
9Z 001 LSEHH—VAN-093——891 GAS OIL FEEDSTOCK
Sulphur content (%wt) 1.24
Nitrogen content (ppmwt) -
Mono aromatics (%wt) 16.5
Di-aromatics (%wt) 10.8
Di+-aromatics (%wt) 0.8
Total aromatics (%wt) 28.1
| Simulated Distillation ASTM-D
86
initial Boiling Point 184
5% Volume (*C) 218.6
10% Volume ('C) 231.1
20% Volume (‘'C) 250.9
30% Volume ('C) 264.8
40% Volume ('C) 276.4
50% Volume (°C) 286.8
60% Volume (*C) 298.1
70% Volume ('C) ' 309.7
80% Volume ('C) 324.7
90% Volume ('C) _ 345.3
95% Volume ('C) 360.3
Final Boiling Point ('C) 373.8

The catalysts were tested under the two conditions shown in Table 2.

Table 2
5
Presulphiding | Condition | Condition 2
1
Temperature (°C) 315 320 340
Pressure (bar) 30 40 20
H2 to oil ratio (NI/)) | 200 300 300
LHSV (1/h) 3.0 2.0 1.5

Diesel test procedure D2

The catalyst was loaded into the reactor in a manner analogous to what is described in
D1. Before being tested the catalysts were presulphided via liquid phase presulphiding
10 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 presulphided catalysts were then
tested in the hydrotreating of a diesel feedstock having the properties shown in Table

-3

Table 3
15

[ | GAs OiL FEEDSTOCK |
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Sulphur content (%wt) 1.23
Nitrogen content (ppmwt) 85
Mono aromatics (%wt) 16.6
Di-aromatics (%wt) 11.1
Di+-aromatics (%wt) 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
The catalysts were tested under the two conditions shown in Table 4.
Table 4
Presulphiding | Condition | Condition 2
1
Temperature (°C) 315 315 340
Pressure (bar) 45 45 20
H2 to oil ratio (NIf) | 200 200 200
LHSV (1/h) 3.0 1.5 1.5

Diesel test procedure D3

The catalyst was loaded into the reactor in a manner analogous to what is described in
D1. Before being tested the catalysts were presulphided via liquid phase presulphiding
using the feed described below in Table 5 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

5:

Tabie 5

GAS OIL FEEDSTOCK

S (wt.%)

1.2
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N (ppmwt) 84
total aromatics (wt.%) 27.8

olynuclear aromatic (PNA) (wt.%) 11.7

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
5 vol.% 218°C
10 vol.% 231°C
30 vol.% 265°C
50 vol.% 287°C
70 vol.% 310°C
90 vol.% 345°C
Final boiling point 374°C

The catalysts were tested under the two conditions shown in Table 6:

Table 6
Presulfidin Condition 1 | Condition 2
Temperature (°C) 320 330 340
Pressure (bar) 40 40 20
H2 to oil ratio (Ni/l) 300 300 300
LHSV (1/h) 3.00 2.00 1.50
5
Diesel test procedure D4
The catalysts were tested as described in D3, except for another space velocity in the
1% condition.
10
Presulfidin Condition 1 | Condition 2
Temperature (°C) 320 330 340
Pressure (bar) 40 40 20
H2 to oil ratio (NI/) 300 300 300
| LHSV (1/h) 3.00 1.50 1.50
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Diesel test procedure D5

The catalyst was loaded into the reactor in a manner analogous to what is described in
D1. Before being tested the catalysts were presulphided via liquid phase presulphiding
using LGO feed described below in Table 7 which had been spiked with dimethyl
5 disulfide to a total sulfur content of 3.7 wt.%. The presulphided catalysts were then
tested in the hydrotreating of a diese! feedstock having the properties shown in Table

8:

10

tg 1 92 761. 6EL | test
pmod 1 -917-11 -97: 11

Table 7
GAS OIL FEEDSTOCK
S (wi.%) 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.% 1 224°C
30 vol.% 261°C
50 vol.% 283°C
70 vol.% 309°C
90 vol.% 348°C
Final boiling point 372°C

The catalysts were tested under the two conditions shown in Table 8

Table 8
~ Presulfiding | Condition 1 | Condition 2
Temperature (°C) 320 320 340
Pressure (bar) 45 45 20
H2 to il ratio (NI/f) 200 300 300
LHSV (1/h). 3.00 3.00 1.50
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913l tgiglt 131 1go | 1631 oi ol CLAI MS 1. A process
for maki ng a bul k catal yst conprising nickel tungsten
netal oxidic particles, the process conprising the
steps of: formng a slurry conprising nickel and
tungsten in water; (ii) reacting the nickel and
tungsten at a tenperature above 100C and a pressure
above 1 bar, whereby the nickel and tungsten renmain at
| east partly in the solid state during the entire
reaction to formthe nickel tungsten netal oxidic
CE%?WQCleS' and (iii) formng the bul k catal yst from
e nickel tungsten netal oxidic particles. 2. The bulk
catal yst according to claim1, wherein the netal nolar

1.7 at i Ppro&esdRE MEIBRE Hbidk adtalyst cdmpriSing Riekdd tilnksterahehlyoxidic particles,
according.to claim ]l wherein the bulk catal yst has a
theRIPCes SABPESIEEREYTNAF structure having an X-ray

dlffractlon pattern with a single reflection between

nd.65 (diffraction mai n reflections
Opot gsazs{ o“"%‘@“%’?%u‘“%‘éaf%%g‘ﬁg%%‘ g Wgt"'%s 4. The bul k
(iip at abaytig the aiokd |amcgtuhgstemlaaa tentenatver dhiove 19EC amd spressure above 1
refl ect rons N,
oo e 6L W RIEHIZA gt fomilith et oSTHIUR G enie
reckion tnfdrm tidreckel tangstes netalipxigic Q@rmierL gds nickel in the

(1180r r?omIm SRl lpucl)lg?att ¥s?fr01ja Y}an%%t\%%? ahixlitM g1

rfacearea o east g. 6. The bul k catal yst
according to claim1, further conprising a Goup V

met
2 e AR AR Do LSO b v 02

anddtSween 0.1 and 10 nole %

3. The bulk catalyst according to claim 1 wherein the bulk catalyst has a metastable
hexagonal structure having an X-ray diffraction pattern with a single reflection between 58 and

65° (diffraction angle 26) and main reflections between 32 and 36° and between 50 and 55°.

4. The bulk catalyst according to claim 3 wherein the main reflections have a full width at
half maximum (FWHM) of less than 2.5°.

5. The bulk catalyst according to claim 1, wherein the slurry comprises nickel in the form

of carbonate or hydroxy-carbonate having a surface area of at least 150 m?/g.
6. 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 0.1

and 10 mole %.
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