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hydrodewaxing, hydrocracking, and hydrocracking under mild pressure conditions, which is
commonly referred to as mild hydrocracking. Hereafter, when referring to a high activity of the
bulk catalyst according to the invention, in particular the hydrodenitrogenation activity is implied

unless otherwise indicated.
Supported bimetallic catalysts and their use in hydrotreatment of hydrocarbon feedstock are

long known in the art. GB 820536 describes a process for the manufacture of mechanically

strong supported catalyst particles comprising combinations of cobalt, nickel, molybdenum,
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EP2005/004265 (not prepublished) describes trimetallic bulk hydroprocessing catalysts
comprising a group Vill metal, in particular nickel, cobalt, iron or mixtures thereof, a group VIB
metal in particular molybdenum, tungsten or mixtures thereof, and a group V metal in a
prescribed metal molar ratio. The molar ratio of group VIB metals to group V metals and
generally ranges between 0.1 and 1, preferably between 0.3 and 3.
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The above prior art reference make clear that trimetallic bulk catalysts have a higher activity in
hydrodesulphurisation compared to bimetaliic bulk catalysts. However, trimetallic catalysts have
the disadvantage over bimetallic catalysts that, because of the presence of two different group

VIB metal compounds, the production process is more complicated. A further distinct
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is particularly useful for use in combination with a hydrodesulphurisation catalyst.

In view of the teaching of prior art WO 2004/073859 it was surprising to find that such high
activity could be found in a catalyst that is not amorphous, but instead has distinct
crystallographic features. The bulk catalyst according to the invention has a metastable
hexagonal structure having an X-ray diffraction pattern showing two reasonably well-resolved
reflections, one between 33 and 35, the other between 58 and 61° and the main reflections
preferably have a full width at half maximum (FWHM) of less than 2.5.
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calcinations of the metal oxidic particles or of the shaped bulk catalyst particles after
compositing and shaping. Preferably, the bulk catalyst is heat treated below 450 °C, more
preferably below 400°C, even more preferably below 375°C and most preferably below 350°C.
When in this context reference is made to “transition to a crystalline structure”, a crystal
structure other than the metastable hexagonal phase is meant. The inactive high temperature
crystal structure is believed to be beta-NiMoO, or alpha-NiMoO,.

The bulk catalyst according to the invention substantially comprises only molybdenum is as the
Group VIB metal. The bulk catalyst may optionally further comprise a second Group VIII metal,
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results can be obtained with a metal molar ratio between 0.2 and 4. However, it was observed
that at a low Ni/Mo ratio, typically between 0.2 and 1.5, very often the hexagonal metastable
structure was not or not fully obtained and/or the FWHM (of the metastable hexagonal phase
reflections) was more than 2.5. Often it was observed that the samples were very crystalline
with a large number of peak maxima at different positions, possibly due to some raw materials
still present or to other crystal structures of inactive compounds. One of the inactive compounds
was identified as a phase analogous to phase | given in: P. Ricol, Comptes Rendus, vol. 256,
1963, 3125-3127." Any hexagonal phase if present could hardly be found among all the other



preferably conprises substantially only one Goup VIB

nmet al nol ybdenum The term "substantially only one
wW@e@ap483b8B or group VIII netal” inplies that tPEI/EP2006/010292

catal yst nost preferably has no other, but may have an

i nsubstantial amount of another G oup VIB or group

VIl nmetal, preferably less than 5, nore preferably

| ess than 3 and nost preferably less than 1 nole %

crystalliiecpetiks IEwh® alsb@bbervéd thaf intthie NgMLetdl RBote rabouﬁge\/llhblactlwty was
signifi ceah;b{oy)gé T-Lgigmpéjrlr%}f% %{? lﬁ%ﬁ\g rann/gélf mglaa)aglal | %’y l%'é}Fga 6n specific process

condltl()ﬁs%hﬁd vet it is dgeherdillp padferedd thattheGropp VIIBtolmtoabsblB midtalsnolar ratio,

i partEu R ik KNGt Tt FVeRAR & 20819 L TR PLIIRRRY bge 2. oven
more ;h'afekablyahvasz 5 andrrposts:refgraﬂblygabmp 3/ Inistreted thatiaksa ivis observation

contra%&e "\ th'\ef'ae Ye%:ﬁ g')g gg&eﬁ%ﬁ&%?%}w ﬁsg/ \é{ﬁ?\ @%Qc\érﬁbeg ?hét I?t?e Ni/Mo metal

molar etib géneraliyt is betveselnul indc2aiad post prefecatdy hg to the
i nvention conprises a Goup V netal, preferably
Ni obi um in an amount between 0.1 and 10 nole %
It was farthleafaund that, wheretab tow mefal m@rcmt‘w'@ appeared difficst if not impossible to

obtaln%rgé d & %I sttﬁtﬂ‘ﬁ;@gﬁng rg? g &eﬁelrga %})Sﬁ{i}tlr R &S described above, it

bet ween nol e s can
was p@smle tseoldinzd gand! Wtalhstam mdwthﬁrmt pibcess wiheraimdhmreaction is done

in hydBﬁ'FeY\ﬁglrbogd%ort?ﬂgt a5re'594|d:ﬁ te/Pn -erltb?urg LBHR: e FohadpheRe by @mperature

I NCr ease e activi tg/ when present I n
of the peatigtliavid {0 hysirethaima conditionst Ih@ mreferred dhat| the proficdigrigi in gvater and

the reE&lohhﬁ dohee h?d”foth(ehﬁaIQd?!'dﬁlo}'@'ét 3 ‘Peéé’tn@HFleMbgra‘ﬁﬁEaébove 100 °C,

ratio (hereafter referred to as the netal nola
preferabi ic reactionyeressua nighenthard) baroThpinyetien Lﬂ'ﬁotfﬁlaéﬁs to 3 bulk catalyst

accordi rfbt k@ the.car'i\/énﬂoreraUﬁlbph@ké( AbY mBRbUERIM Whéler raROBEWeAr 0.2 and 5
npl e between 0.2 and 5. Generally good results can

°b"a'“%t§eBY)ffHﬁ byciothermal Rraee8S1 nol ar rati o between 0.2 and
4 However, it was observed that at a low Ni/M ratio,
pically bet ,_very o n the T
For mg xaa%&mawa%%&'g?tea Séc'éct'%fé’f W@f%%ywﬁ-%weﬁsft ofhgr piptic liquids are
not exélbded amtithersiérerthé Meydrotfbrv(aptedctien beriditkingbinethisexoagatislintended to

ao B Sab CERES e B BB By e SR by sbove

atmosplagrigeprassube andfat peaperatardsnabove tHe fobdanga ttemperaiuteé ofithe protic liquid.
e oBERE it Qe RERB. 5 LIGER Skt bl 3 B Be{ e e
preferabiheati least 50%e and mostprdferatdys at Ielaait?ﬁ%l hﬂghe{shaan thkdoding temperature of
the pr&urkal QP uﬁ'1 ! ?e%E@? % Lre%rgglp c.iorrll'e iﬁ' w§lerc QL ’thg%p&kelﬁuid at a reaction
temperature of at Ieast 110, preferably at least 125, even more preferably at least 150, and
most preferably at least 175 °C preferably in an autoclave preferably under autogenic elevated
pressure. Good results can be obtained at reaction temperatures between 110°C and 170°C.
In a preferred embodiment of the invention the reaction mixture is heated with microwave
radiation. Solute components in the reaction mixture may increase the boiling temperature of
the protic liquid. Preferably, in view of achieving a high activity in these hydrothermal conditions
the group VIil to Group VIB metal molar ratio is more than 0.3, preferably more than 0.4, more
preferably more than 0.5, even more preferably more than 0.6 and most preferably more than
0.7.



1963, 3 125-31 27." Any hexagonal phase if present

could hardly be found anong all the othercrystalline
w@e@k®485h3 was al so observed that in this N/ MCTEPENG/010292

nolar ratio range the activity was significantly

| oner. The | ower boundary of the netal nolar ratio may

depend on specific process conditions used, but it is

generally preferred that the Goup VIII to Goup VIB

nmetal nolar ratio, in particular the nickel to

The bgg l&%\%qyf? %énvlgﬁsle%;?tgg%ﬁi &O‘em |tc)>y \ﬁg%%fgidécngérilﬁlgg E%g)f: %Qcﬁlated on the

basis ﬁi’ arictd alxidgs ablative & thet totad w&ngl'e(bftthatbulid sataly$t) ;s distinguished from

sope 5 S o ! BB S A o o

sig mfmtlw fess &tian®pete rPaéﬂepahl;s trtaebu»eeatalysteamo@r@rtd threpipvention comprises
at lea#{e /a b+1é elprg{eﬁ'aﬁﬁ\f?t eﬂE eg‘)re(e”(tj(;’ glg{g]e?'ll @gﬁ prieg}%%lf aﬂealsp% wt% and
most pratemtﬂy bt Eas8D W% metal ngdid ragticigsy the ramaining $t tardfwtio preferably
being aotnlgogp r}r%rbl mEGQSIts ?é]aeéégé]a CH‘&n'\ a@'ﬁrgeﬁc Bl'nggrd nHN4fs, ddnventional
hydromgmsemgercmwstsr oaddis mq&erﬁ tand p@@bngoﬁomﬁome Tyiically, after
comp&%ﬂg g}f{lﬁé dktal Fér‘ﬂ@lgs Q\{lthaa bAg&L il c&rﬁﬁ&@ﬁcﬁ\t IH rsﬁaped preferably

e atnnsp tenperature of
extrudpd,oto formj shaped bulk pstalyst: prsticias. Thsninventsmsalpe relgtes to shaped bulk

cataIer%rﬁélése%oHBg&@ hRe ﬁ'ﬁ&&i anhl'c"'1;5’5.lrﬁlclésS M@rﬁéﬂv@@d the fnetal oxidic bulk

on IS done 1 n hermal conditions at a
catalystenactiglesncarebp uped Qnr%;:ﬂawa)@éwﬂmre@tmerﬁ PEPE@SaLING! igtwithout substantial

comszﬁﬁ\@térﬂnslﬁrpﬁﬁsé‘beb 's ﬁ?fdr;t ﬁ?’nﬂ'ﬁs Refefertdittd é‘é/ Qnilurﬁﬁ hydrotreatment
also relates to a kcata st accordin

Pr°°e$5n\Fé’htth'%r‘l‘sﬁ’ameriba"f*y%q(éfe P@f?fﬁ!”y geeetadions 3\" ? é\larrswer particle size
distribRn Ve exB8mpleaBy sieving toriaggohferdting! B!JtSwiﬂWﬂﬁ etibantal composmng and

process. For reasons wa st ¢
shap'rtghéh?) fyentony a'w%atem/sa% ype °f>?1ﬁta' ﬁ\&@?ﬁ'k‘ﬁ |aF?ﬁ£ig'ag ?%F@ invention in
a slurﬂoﬁyd%tﬁ‘éalﬂﬁ@rﬂ srocbdsh predérablg Using metall ogidiebulialcatagat parisles without
ition in this context is intended to al so cover

s”bStar“E%‘t'cctOi"l?ﬁs'gB%am PR sing a protic |iquid other than

water at a pressure above atnospheric pressure and at
Step t enperatures above the boiling tenperature of the
)protl c liquid. The reaction tenperature preferably is
In thedrstl stes of 1Hprooessefop pedpariagltiye bulkl cadedyst 26eprdimgeto therievention the

cacsBLSL R ke B0 WA ERBLRUEL AP B8 biefo vy o
different wayslas Toreexaewmte described (iv ¥Y@ QA 1B180WE 9R/04aTS rW&ks2004/073859,
WO 2{)65%@5%@%%8‘609‘41%‘11 gbg "?i?ét 'aﬁalfggé%%ﬁ%mﬁguﬁés @atn be soluble or at

r ef'er abl
least parthyf insclily lrathe Ipsa@thqmsolt lmsmno fmt@ﬂ'%naag pysuspensigar solution of

a met&?éorgé:o@{def e{h%bt)%gl: Niglid 3 86 1AYE sURBREGRIY oM BAE after the other,

nc e
solution(s) and/or further suspension(s) comprising dissolved and/or suspended metal

compound(s) in the protic liquid. It is also possible to first combine solutions either
simultaneously or one after the other and to subsequently add further suspension(s) and

optionally solution(s) either simultaneously or one after the other.

However, in a preferred embodiment the process for the manufacture of the bulk catalyst

according to the invention comprises i) preparing a reaction mixture of a first metal compound



pressure. Good results can be obtained at reaction
t enper atures between 1100C and 1700C. In a preferred
weedodissent of the invention the reaction m xtPECPEPR06/010292
heated with m crowave radi ati on. Sol ute conponents in
the reaction m xture may increase the boiling
tenperature of the protic liquid. Preferably, in view
of achieving a high activity in these hydrothernal
comprﬁsirrgj IGrbtcp’WIIt hﬁetgrmtp aVéddont m@abupmkfb@dmbrabnsm:g &@roup VIB metal

o lEhR, AR PP S5 ke Npha LTty fopr6 o secon

Groupt ‘MIBrmétaﬁmaaldamm Iqmsethem a0 Inyolerts e‘elatimfbrtbe batbkamount of Group VIB
t 0 I i di

metaiq) 2ot B GLRRG FE T el BEs el By 2 o 46 ot of the

Groupr‘éIIBametats) taodibhe secorsd GraipgVilll roétat inea protik liquid &ing i) yeagting the first

and sgé&ge@glaél %Qﬁg?&rga%n%tsé@@ﬁé& ?Q’P&Q'E@Lé/ %Pretbg%e I?f?éfearﬁ%r%e second

on a su
solid rsetghcpq‘mpmmdst renais gt Ieastrpaﬂly inttihe satidestate diting thtere@tlmelactlon to form

the m%t%I g%%; tpaﬁ?fégg\?h%glrn a{cgf bk d aﬁ%gsgliﬁ 8lgst\%§§35urﬁ'§5itsﬁ%reb§r§§6n remains
at a femyfesatutsl belaw aetggupegmlrm wbqﬁdthﬁogqxagp@al ermgﬁgpgab@[ crystal structure
changleg?éé %%g}%%:r?&%ﬂb?sﬁ ik, Br%féréﬂ# BSlowl4dB°¢.emai ning 0

be ng one or nore materials
selected fromthe group of binder naterials,

Prefer‘éBg‘{ﬁ’ fHid B%@ésé"ﬂ‘\grﬂ?ﬂ MAESHhipburdbAd 1 SocoRd h‘@té] fcompound remain at

noters and cracki ng conponent. Typically

least mmsth@ Al %iﬁtet%'"ﬁé'i‘%?"tﬁﬁ|r%ﬁcé'°?.ram'$ e'fe&rr%’ RrRcess is referred to as

the soRE-RERT protdR. TREPRSHeS RitelaBivafSiRfb, hB afighafiIN and is environmentally
extruded, to form shaped bul k cat al ){Wt articl es.

The
friendynhtnogimagriantly ek cetglvehabianablg BIP§Rss Was fouind be highly

activePahki tehr S'af Rt |p§hl'9§intth§ dBl adtateX infHabs Fitﬁétt biCle@8t part of the metal
Alternatively, the net oxi di g aﬁ‘gl k cat & yst
i

compayik BORERSTE 50U Retal SO A PR RSt of the metal
comp@.ﬁr@C@&?ﬁesehhaé al sdlutibh o0 this st tcamipband mothip @satici llgidaMhis solid-solid
poce Bea5%h (B FPIRY oFlk0s TR {plf BERSISE plbafioR outs o
prepafeatfritrietdlizbutk eatglystf er abl y treated to obtain a narrower
particle size distribution, for exanple by sieving or

aggl onerati ng, but w thout substantial conpositing and
Preferablypinnggw Gfrm:hlemrgrat higi yieldsand' lew sneigortntent4i dutdes, thie first and second

solid %'F{Ja?llw%hg@r otr ea't% f??‘}ﬁpr o§§§ atthB% gﬁ er g\él%m Iﬂ?élqﬁ}gdﬁrcrglﬁgfj separated
from mgirelaatecbmekalmtdad participmist iectsed atiledsdin permmsmm fhelslurry in step i).
Most ?r%@gﬁgtlh qgisgaggce‘ég‘?tpé fiidt n‘%ttﬁ Q:ob-?pokﬁ‘d e niétéls(hyd‘ﬂ)f}g Qfbonate and

)CESS reparing t st ‘accor
the seqpnﬂhaenaho@npq)l.mqi l_sh@ metal oxide or acid. In vnew of obtaining a hlghly active

catalyst it is further preferred that in the process the first compound is a Nickel carbonate or
hydroxy carbonate having a surface area of at least 150 m?/g. For several reasons, this
preferred process meets the highest standard of environmentally friendly and economically
optimal catalyst production. Apart from the fact that the metal compounds do not contain
nitrogen atoms, also the reaction does not require addition of ammonia to the reaction mixture,
as for example in WO 2004/073859, so the process is entirely free of nitrogen atoms. There is
no accumulation of alien ions like ammonium and/or nitrate in the protic liquid on repeated

recycling, there is no strict need for washing the obtained separated oxidic particles, there is



reacti on conpounds are conbined to forma reaction
m xture. This can be done in a variety of different
wWo003/088593 or exanpl e described in WO 00/ 41810, PONDEP2006/010292

99/ 03578, WD 2004/073859, WD 2005/ 005582 and WD

00/4181 1. The first and/or second conpounds can be

sol uble or at |least partly insoluble in the protic

liquid. It is possible to first prepare a suspension
less eﬁmrcﬁﬂﬁéﬂiaggiurdﬁn BeceB$enbf tydl]@elimébviyrtrinbmorpmmtéls waistguardl there is no

a t aneous| e after-the qther .

danged 3 grenigsions adk B RPRYelr o e AR e o5 R ot se e catalystis
bimetaliics 308 \tl@élmatnyﬂrothesreaq:t@nch%eb M|mblec,oasptharuj$sc)nly ong peoup VIB metal

ic |i . 1t S 0
tere B4 bt g sotiicbiien bk e istef 37 Pt o rkqsbin B Bparaea i
after raactiohoBscsdnse meemmgouadlsjra‘mmm lataleast papiyrselidddriig thaentire reactlon the
ptio [ h I n r
amourgtf # PQ%%I I\}étd (hse) %ttcl E&Uéds {ng{ﬁeaj\r g@d‘g{%c&%ilﬁs are smaller.
Furtherinerey rthm:e;m\t bmetallrreca’tdmsiﬂaeas]ereooecmcleeo iie kon;gitt.ahg/metals than the
trimetgﬁg %tgiggtgbéc%yg@ﬁler{}ls r'ﬂc% hg&g ractngb) rcﬁr 9\9@' hggilsa Wthh is very
conp rrsin

dlfﬁcumr Canpvevtional rpe@@lss%mtprAhg@gmrathmpﬁnlc&ejrqmumgl denum can be used.
This i§ %ﬁ%dt%é&s% ?éf'n'ns\ﬂfae&‘?(%e%l re IM%% 0% BRbieRMAlb¥ts and increased

conpri st ng one or urthe npounds conprising a
metal seaoyeny y&dup VIB netal in an anount |ess than 10 nole

% (relative to the total anmpbunt of G oup VIB netals)

and/or a Goup V netal in an ampunt |ess than 10 nol e
In an %tem@tl\eﬁ pmbodient dhe sraaufasture 1o the byl cetalyshis aepgred in a process

comp B ForirS 5 RBRILIGK BUP findt Ebluﬁlﬁtrﬁétaﬂ &nﬁao@h@tcbﬁ\phélﬁgl GHoup VIl metal
I'i) reacting the first and seco nmet al

and aaaecemcéwvféa "i%ﬂ}f@ﬁ‘&?tj% ComRiEng, Crovp Y'Pr@?fabwawggeft% the solution

optlorr%@ycﬂl?f@eﬁ%m néﬁﬁ 3'furﬂ'§Hﬂé@Hﬁ6§nd edmbisidy alseasd Gﬁ:fub'\VIBl rAetal in an
he solid s a; tlrere tion

amourless thé&ﬂ@u"&"'%e(? f'F'éf"@sw AP SRS I %@9 31k Sptonaly 2

compé\Hd SOngRmgHIGHAS V hietd) foeﬁﬁb&ﬁd Parf emBiritdesatthan 10 mole % (relative
ure where the, hex

{
to the BRI 3h¢ Sres YL metg L BT, PR G P B GO 4Al Fopeound and i)
reactifd yRd/at |pre’d>ﬁ>lt§ﬁrrg.lﬂieuifret and eéesnabingtab ebrapouHA8 Q€. form the metal oxidic

it bl BB o S5 b e SRRV B ompertr

belowi antehfperatotel whese dhee hekagong rhétestablei angstalestrottutnchanges to an inactive

cwstaﬁ,ﬁg%gg@s%rﬁ{egquaigiglé\évrﬁheéred to as the solid-solid

I'S Telatively sinple, has a high
yield and is environnentally friendly, but nost

The HeQB%N t’ﬂﬂé'.¥ #’ggerpgg#c%ﬂﬁaﬁll%ﬁt toopttxt@téﬁlﬁl‘f tcgﬁ‘\ﬁ]ﬁ eI reactlon The

proces
reactupmlst ¢0]npletet\nﬂen$b¢ kday difftastogremref thehsepasated metal qm'q p%ﬁlcles does

not sllicﬂ\? réﬁé‘:ﬁ&ns of the unreacted starting compounds. In any case, the reaction time is
chosen such that the final bulk catalyst after drying, shaping and caicining does not show
reflections of the unreacted starting compounds. In route preparation routes where at least one
or all of the reaction compounds are at least partly in the solid state during the entire reaction,
the reaction is typically carried out for a time of at least 2 hours, preferably at least 4 hours,
more preferably at least 6 hours and most preferably at least 8 hours. A particular advantage of
the hydrothermal reaction process is that reaction rate of the metal compounds is higher or
reversely that in principle a higher yield can be obtained within the same reaction time. This is

10



conmpound is present as a solid nmetal conpound and,
optionally, another part of the netal conpound is
w@e@semsons a solution of this netal conpound PET/ERE06/010292

protic liquid. This solid-solid process is described

in detail in WO 00/41810 as one of several possible
preparation routes to prepare trinetallic bulk

catalyst. Preferably, in view of achieving a high

advantagebus aspkdiatiyy vetieni a dowe@taip Ylir the Grouph ¥/l fretslt malad ratio is wanted

a5 8 e B o REIPAREIF1 Bl RIS M

reacted nmetal oxidic particles is re-used at least in

In genePa tné gte%oorf'Qutr&ﬁ\lgsénl&réo\‘nthr{innﬂh%ﬁ {N)matyﬁglg |§Oﬁ<ﬁ ﬁfl@é?l;?(rowdmg that a

roces he f
suffcn¢mmo:uny9f solvebbis preseahtd ensorestbatithe simwmanchewpﬁ:lmcreﬂ sMareover, in

case mre%{l\%e?ﬂl?ra%ﬂ{ sJ)IPEI&' raw rﬂ&eﬁ?g a Q @e rHré@n}’ed that the raw

e cata err e
matenpisaeegsvmcneusly akeadyodwanmelrsada-tlnncRblls Qaarmﬂabe aﬂhleved by e.q.

mcrea%ég'i@(?ms@rﬁ%? Q&L@nthﬁ‘ﬁb r}gwé'?'ln%l{ﬁé éi‘étﬁ% Afwtidh th83al materials are

or several “reaso preferred process
comblmsiew‘*spetrm skillgH @sthesar'aﬂ@aldob%abl%mnoeﬁ%wta&h gpnditipasid| y
and econom cally optiml catalyst production. Apart
fromthe fact that the netal conpounds do not contain
nitrogen atons, also the reaction does not require

The pr%@é’éstfhﬁﬁbr%fptl Bbﬁ\gﬁs?éstcfh% drewsre 'of’fhe'?bll&nhﬂgeusuaﬁprfo@éss steps:
exanple in WO 2 73859, so the process Is entire

i) separ ainoihe TetPOBEAS HRGIRES. DT Be raSciBn JEEGHR 18k FOTPASHIG the metal

oxidic ¥ahtRes vathso d 40 wAPBNOKETLA RIS fnﬁférta‘ls%&ecttéﬁ from méqub@p of binder
there is no str

'iquid on rF ted recgyclin
materiplsy CORSHToTG DI OOBEaTTGC LAY P e BRTBPEs, 2 FaPkEs compounds
beforet Qefiry bﬁéfﬁé‘ﬁﬁ@@&hﬂilﬁ?glﬁnﬂﬁ& r&btldgigf b%Ctﬁh ét&Bcd?ﬁde@dﬂc\Q&pray-drylng,
av it al s. waste and . there
(ashigfig TS die=dlie THPERRIT: o Sivis S8 S &f EoPBPRGTT dhereot
shaplrlﬁu vi) BRapind) &itiodrgieg tahe/ot tennptyt tréatingiatattainperature below a temperature
wnare 35001 5 Ay RS Re Beli BBh g 2 A
drift in the group VIB nmetals on recycling of the

The "ﬁ’%ﬁ@‘{'ﬁhﬁj‘ ‘lgegs FQH ;Byks%qglgit dﬁbtanﬁ?ﬁ?%iethgrhebogg rg&gg%% process
accordirgatat the invehtiora o arﬁulpbﬂdeldmldk satdlystsmmpelamg ra lbuile catalysi according to

the in\%j_-:‘inﬂ% Go i & flth@%glkrlfa[ﬂ% ?ﬁﬁe&lﬂ%&’eds Egst for hydroprocessmg

er nor e, he s I C cat easl
of a Wdrqcembpolfeedsmqkh@mmﬁml sulehr arétlatrggemawteln@g orgamc compounds

and tJ I'a' rlﬁsfh@hlfblcuﬁratd’é @cfe%H ufid¥BbE df Sd Q\S]pﬁlﬁeéjnot Ritrogen containing
HEMuTsAfDA o3 A

parate two
hydrocmrwni fead pompraﬁlngamntamlag t"p‘ﬁ fﬁ@és@ééh? mn)wié"%eéﬂaﬂlsﬁataust according

to the QhveMiblt Erhe2Pdlk TRlaNRE GBLERIRG o RRe URAtoN is particularly useful for use in
combination with a very good hydrodesulphurisation catalyst. The high hydrodenitrogenation
activity and ultra low residual nitrogen levels allow a hydrodesulphurisation catalyst to achieve
lower residual sulphur levels. The residual nitrogen level, that is the amount of nitrogen (in
ppmwt) after the hydrotreatment using the catalyst, is below 10, preferably below 5, more
preferably below 2, even more preferably below 1 ppmwt. This particularly applies to diesel
where the starting level of N is low, but also to the pre-treatment of the feed for the

hydrocracking unit, where the starting level of N is often high, and to hydrotreatment under

11



This is advantageous in terns of reduced recycling
process conplexity, costs and increased netal recovery
wQ@iad4sshn an al ternative enbodi ment, the manuPE/EPI086/010292
of the bulk catalyst is prepared in a process
conprising i) formng a solution of a first soluble
nmet al conpound conprising Goup VIII netal and a
second sol ubl e nmetal conpound conprising Goup VIB
hlgher'ﬁﬁyréﬁdgﬁ%nfﬂqeﬁbmﬁle%ﬂdlbﬂegﬁwe Ribbea 20 Ibyr, fmlcﬁréfpedéferably above 30
i si a further conpound conprising a secon
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Convefort Piiegst SPRS D, SPelRSpich, P4 ERRALE ih HE Hitde of 250°

450°Chﬁb§3§@'eahn tlﬁ mngaknif &-250ylsarakspadter vadaaities in i cangetaf tahr10 h-1, and
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s I 2 i

tTne 1s chosen su
used lauhmtaﬂwall hydirppl(ooaspilm protésses datreaba plumy ofef@§d$ gnd¢rs~lde-ranglng

co n r
esco R "ot Bpbrd e LS B0 A0 (40, BB ilsren
the rangeeofifito 880 tbad a@d&pacpmgelmwuhay) inthe range ©59485 teA@ h-1.
reaction tinme is chosen such that the final bulk

catal yst after drying, shaping and cal ci ning does not
Charagtedstiafull wisith atoelf reaximp@ unr eact ed starting conpounds

The cﬂa{}aiitﬁﬁgti% O GRAY B WA mERRURS FWRHM 8f e dxit@@&at@l?ﬁs Was&]elterm:ﬁed on

reaction conpounds are at |east partly

the basist plithetray diffraction PRkterami the catalkst dhe s 36 M'nw'dth at half
maxmL g.x RLAA {;fy263 %Jﬂeﬁﬂg %Hble? QF e EnBBdAf betlvedr£83tand 35 and the one

preferably at™|eas hours, nore preferably at
betwepn £§tang o Fios t%éetﬁmﬂafmne?féhaeq Ry iffraglion; Pajtefy & §fa"9h?rd powder

dlﬁraoﬁﬁ'ﬁétét‘: whabp @dj\(lﬁtﬂt 896raphitd ReordxKtoRialR " €8 bE €@éddi OThe measurement

SS IS reaction rate of the netal

conduﬂogsrﬁa@h@(g orber%!'\Pé?%e"lsyf"("ﬁ‘é(F £riapr9eReraire Sezi“'?ﬂsgﬁlg’r R9%na 40 ma,

wavelé!ﬁgﬁlg dy. 5%8 gﬁgéﬂlah@ Afdrgéntdiandtdil-seatier dlieaao C(Veﬁdbl& detector slit:
I sadv

o i e O O U oL b S hS B3 5 et

the nﬁ%ﬁﬂﬂm oflihed rafRStidrRUNRe tn%dsﬁf@dlceRDh Batfe?@ Giré Wasélieccorrected and/or
during the preparation. In general, the step of

correcigd fiof @qirgroawa S&%ff%inaﬁ%gsk niodneskillsd A% s not

critical, providing that a

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 the other compounds are is dissolved.
CBD means compacted bulk density of the catalyst. The diesel hydroprocessing test results are
given in Table 9 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
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sufficient anobunt of solvent is present to ensure that

the slurry can be well stirred. Moreover, in case of
woeooy/oussaxti ve and/ or partly sol ubl e raw mat er PEI/EP2006/010292

shoul d be prevented that the raw materials react

vigorously already during their addition. This can

agai n be achieved by e.g. increasing the anount of

solvent or by lowering the tenperature at which the

dlfferehﬂi@nﬁﬂgrﬁlﬁﬁgaérﬁ @é@stﬁ@ ndxt ReAditighspraAd 2. Thé bbstfix i rortzh@or example in
ou

rw s 00D B Pt oahRes St BheSaRVol g fHrent cese
test pfcﬁb@dur@k lvaspé N@ed Sntiitated @6 e B2.eP3: andl ny; ﬁmoaww@ véleges of the

refereemgl%tlﬁ% l(lﬁaéidgf i ?sseéftﬁrs ?%;c%g?rfaf e %&étcﬁveib\(f)ere defined
as 100\ A% 6theORWAIRVAD/iesHre chizlistedakative th ﬂ'\eserrefhrenge oatplysts. These
st G 5 S GO SPLLAABLs YA APSABFRShSTRe i o
resultd afeonict, shdwnumgam thé tnitrogeh devetsnini the m@caqm,pmdup@aena algso low that
the ma?%rﬂaeﬁ{ﬁ% maic%Lga %@g& ffﬁi}é)r\c $h€;¥/egnﬁn Yﬂengampgléé a%qt)oo smaII to identify
differemcas irg catalytic @ntdiity detwesn sémplesf FUMpth&gfeS@P?| @Hagﬁ-mgnd sulphur
el AP el O ST s AT SO 1. 52 an
N2. structure occurs, preferably bel ow 400 OC and vii)

sul phiding. The invention further relates to a bul k

cat al yst obtai nable by the above descri bed process

Diesehtest pdoaedure Dl he invention, to a sul phided bul k

The cfaﬁiyéﬁy éorﬁ%’{l&i ﬁéé Bewin8 t\?%ﬁéartr@% St E@Eﬁf&a@i&ﬂ@uﬂeocc}nlﬂéined 10 ml of

catal yst or
catalystuinpied deth & keguat samadupt of Sk phryldleawdcségé\mrage%betaleen layers of SiC

partlc@a( d%&%?é’ BS H% Tekdp EI%: Eatgg ahe?la NesUHRIEd" vné1 rﬁguﬁ' 5Ha§8 EHﬂesulphldlng
rgan

I 'ni Ng conp and to a net

using dos !ﬁeldydﬁsodm'lnpwe? dawhish hed bees apjied rW'ﬁ‘n‘éi”WFrM G'élé'ﬁde to a total
sulfur%gﬁ%ﬁ{ &¥ (ﬁﬂwg%d R& ?Fé’s%ﬂ)hfo%@ Q:aFa‘N}J%r Wwérk erfteBled G tHathytiRfreating of a

sul phi ded bul k catal yst according to
dlese‘tfh%dﬁtmé]winéﬁhe HTﬁEe'EJ‘GF Rhewt g \@Pte Hccording to the
invention is particularly pggdwl for use in
conbi nation with a very good hydrodesul phurisation
catal yst[{—The high nydrouenltrogengtAng]La@gugarbw and

ul'tra | opgyBR:EAenti%WQIEN | EVETS al Tow 2
hydr odes OIHEA SoHte Tpfawgl YST [ 0] achi evggl ower

resi dual [sutphur Tevers. 1he resigual nitrogen I ével,
that is nG‘HfdeHtlcé’(%Wl TTOgen (T PPy AT T er ithe
hydrotreg 5 daticd (9wt e Cal aryst| 1S bejgVv 10,

preferab +OSTbMGtcS (AWH € PT eferablly bel Oglg2, €Ven nore

Slr :fszlr ab ot‘éF::rBﬁ’fat‘rcé’(’%Wf) —This particulggiy appliles to
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

13



where the starting | evel

of Nis low but also to the

pre-treatnent of the feed for the hydrocracking unit,

wok@re4gshe starting | evel

of Nis often high, BOTEPIN06/010292

hydr ot r eat mrent under hi gher pressure condition, for
exanpl e at a pressure above 20 bar, nore preferably
above 30 bar and nost preferably above 40 bar. The

bul k catalyst OF the invention is particularly

sui t abl epfg% VeeHeQt € eat i ng hydroc
Such hydrages ¥8luiad @y 0OCesses conp
hydr odes|gehVoiuarf fON. Nydrodeni t
hydr odeargqsRioiifid ©F) Of hydrocarb

1 se, 8247,
ogenag4sym, and
bn T eegld.®cks.

hr bon 3@e7st ocks.

\"2J

Sui t abl e[ FRAERAIRG Foirt(€) € 0., mpdre dgaggllates,

kero, na ,_vacuum gas oils, and heavy gas oils.

Conventi onal rocess conditions can_ be i ed, such
The catglyplswase tas dehtherfwo capgjionsrshowp in E@tﬂg pressures

in the range of 5-250 bar,Tggpage vel 00|t|es in the

range of 0,1-10 h-1 , and H2/orl

ratios in the range

of 50-p000 NI/T. The
i nvent|{ on can be used

3Pfé§u@>ﬁfdﬂigy

invirtual |y all

EComtfiti d] Oéhditdnt
hy|dr opr oces

D

5i ng

processggmberatr€®C)a Py al 1ty of 33eeds ungwy

genaditronsli4®. 9., ar20

wi de- r ABEIaGrTEZYT 1 ON

3gp 4500Q

t enper ARERESIl Fio(NRA) I fRGF Of 20U

- 3dty dr oge

=)

e3@f O 10 o

pressurERsyM1AE T ang gobar,

anfisspace

vel oci tTes (LCHSV) N
Characteristic full

Dieset test procaduse D& f ul |

The c%él;g't %ggﬁéradaeé?btgnt%zte?rgérﬁlﬁor% ﬂ%g@@gﬁiﬁ”go@:@stb Swizh |§

Before rlvemguestemm natatystsawrermw‘fmnwe(d wathewﬁsof@ﬁe wsul

feed éé%gﬁﬁ%‘; Bé]o%\é 'F?'Eﬁé

he range o
width at half maxi num The

t ween

U.05 1To 10 h-1 .

width at half maxi num FWHM of t he

Bgscnbed in D1.
phldlng using the

K 3 O\fvhlt:ll? ﬁa& %feér? Qﬁlk&f‘wﬁ?ﬁiﬁ%ﬁyl ddufaéd t6’>5 total sulfur

det'erm natio

conteqifof 3wl Abe ETeISF"PB@?ﬁ’ 6ﬁak¥§ist"é€§’ﬁ theg tg%ta% nthe hwﬂﬂ%ﬁmng of a diesel

feedswckhsﬁﬁg m&g;rs‘fserﬁé&%rﬁmdnmuasa gr aphi te monochr omat or

can use The nmeasurenent conditions can, e.g., be
chosen as follows: X-ray tor setti ngs 40 kV and
40 mA, wavel pnm‘ h:_1.541 Q_angst oS, div ence—and
anti-scalter slits: w20 (variable) G I EE TOEKY: 0.6
mm step Sulphur qontent Pfﬂ@ tinme/step: 2 1¢2§~nndc
I nstr UWEDE@BE@MMM)TO detefm ne t B2 paxi Im of
the reflpctions, the nmeasured CRDIpattern are bageline
cor r ect egManejawmaties (%whed faor bac knr oun®-Ecatteli ng
as i s knoRiharomaties(%M® | | ed man  The invedtion willl be
further Dlw@'pmgtl@ol("/wt)t he Exanpl és desc®ihed hellow.
R3 neans| Zotekaromaties (%wt) 28.4

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

14
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process wherein both the first and second netal
conpounds are at |east partly solid during the

WO e@cissns R2 nmeans a reaction route wherei n aPCT/8BRD6/010292
one of the first or second netal compounds is at | east
partly solid during the reaction and the other
conpounds are is dissolved. CBD neans conpacted bul k
density of the catalyst. The di esel hydroprocessing
test resugdsn Vaelumed@en 1 n Tabl e 9 wher ei321RVA and RWA
are rel afoors VeRImgecpctivity and fel ativ@iwei ght
activity,o5%6vereid V€] Y, based on fhe totxs catal yst

anmount | PEARBJiingFunt(Eactor . HDN[TS 354
hydr odeniT rogenatgl on and HDS TS hydrodesul phurisati on.

tests were perforned using twodifferent
The C?f@h‘ﬁ@rvsé&raﬁeétwdsf tedup copdiionshawnin bakle #- and 2. The
postfix 1 or 2 (for exanpl gabie4RWAL and RWA2) refer to
the test condition 1 and 2 respectively. In the tests
di fferent diesel test[praupBidis| OBhd@tidons edCbmditiched d
as D1, | D2, D3 and D4. | The RWA RVA1val ues pf the
r ef er engempaiatird ¥y 318°1. C2 1 n| ghzsel tEs40
procedUpasssldE (p&%, D3| ysspective[ys were fdgjined a

100. H29% BEFatiBRVIRVA2E@T Ues ar ep@@l cul afgeb r el at | ve
to theSepEgi@hRENCE cafglgySts. Thpgg (est LpBadiLions

and di esel test procedure are described in nore detail
bel ow. The RWA HDNl results are not shown because the

UJ

Diesehtest pregedursa BBs jn the reaction product were all so
The cafdfyst BAk | Jb%dnﬁmué GERAbr inSa H@ﬁsﬂsﬁ&@go@ao&o d,maft ¢4 88&FiBed in D1.
bet'ween the sanples are too small dent i

Beforgjibengrtested she patalystsl \y%reoora%tlwqiqdyweélﬂwéé?ha%m%@h'dmg using the

feed d:éé[:ltltgb%fbel&\ﬁ‘ﬁ T4 9Ushicihbd BEER sﬁlﬂéﬁ with Bmérthyll G)éﬁlf ae to a total sulfur
after %a%?rotreatment wer e determ ned. and
n

contentnf |3/ wgt prestiphided; gatalysts yyqie en tested in the @g@rotreatlng of a diesel
feedsRERRSHNG thelPropdifescsbodhig rapleer e tested in a down-flow

t ubul ar reactor. Each reawbe contained 10 m of

catal yst mxed wth an eq unt of SiC particles

and sandwi ched between | ayers of SiC particles. Before

bei ng t est ¢GADeICRERDSTOESKWEr e presu| phi ded vj a

l'i qui d phage @teul phiding using the feed descfibed in

Table 1, WHIN@pphad) Deen spiked with d get hyl dj sul fide

to a total jsultur content of 3.7 W.% The

presul phi degtgiEram¥idsywi®d)€ t hen testegzgn the
hydr ot r eat i| pglyRiciar@réngtic (PRRYIMO%K Npvi.ng the
properti es [$iunarbMati@We %) 1abl € TThegggatalylsts were
tested undemLigdRD@CRPT L1 oNs Shown[ {dig Tabl g 2.

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:
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Table 2 Diesel test procedure D2 The catal yst was
| oaded into the reactor in a manner anal ogous to what

w0 200desssps bed in D1. Before being tested the CRCBEyBN&E010292
wer e presul phided via liquid phase presul phiding using
the feed described below in Table 3, which had been
spi ked with dinethyl disulfide to a total sulfur
content of 3.7 wm.% The presul phided catal ysts were
then tested in the hydrot ﬁ%ﬁb\é@g of a diesel feedstock
havi ng the properties shown in Table 3: Table 3 14The
catal ysts were tested under the two conditions shown
in Tabl'e 4. Tabl e 4 D eqered@fidingraCsHdition 103Cdrdition 2
cat al Verhpdtafurd C8§€d 1 Nt g 3obe reacti@spi n a njeguter
anal pEREsuEPpaal 1S dejogp bed 1n [p Bef orjeedoel ng
t est P> 14161 8o AUMpT S Wer|eppr esul phighed via [[3opui d

phasuqu\giw phidrng Usi g gde T eed degCr 1 bejdy.bel ow |
Tabl 8757 chiTrad been spi Ked w th di met hyl disulfide

to a total sulfur content of 3.7 wt.% The
presul phi ded catal ysts were then tested in the
hydrotreating of a diesel feedstock having the
Dlesep{e@?ﬁf&deﬁﬁrémm in Table 5: Table 5 The catal ysts
der the two conditions shown in Table
The cétalyatsl wer® taited & an apfloytdiareacton Epeh reagtel tube sopigined 10 ml of
catalygter?lix%g wifh %B ér#glo uﬁ'\yg SRy 5@@!@& @&hd s’gﬁ&kﬁcﬁ&ﬁﬁéﬂfeeﬁ '-I'Q)%rs of SiC

cont al ned cata st mxe w th an equal anoun

particles. Bifarepkaing tesied the atalyshwerndiendfidrd o2 'roagﬂemasswf?éf%dmg using
the fe@é"&éétf?#:@& bel@@rfvﬁ{l #fd B&nt é?)?r&%%ﬁﬁ@m@ ﬁ(ﬂlylﬂﬁcfe 14 fbtal sulfur content

resu

Vla hase presu
of 3.1 4 Gh.iBbe FERATOR| GHFNHE CHETRaen dested g e Riclflreaa of a diese

feeds%ﬁﬁsha#]thfélﬁwé‘rﬂ.&esﬁoWnan trggial7: sul fur content of 3.7
wt . % e presul fided catalésts were then tested in
the hydrotreating of a di eedst ock having the
properties shown in Table 7:

GAS OIL FEEDSTOCK

=

S (wt.%) 1.1969
N (ppmwt) 102
total aromatics (wt.%) 28.3
mono-aromatics (wt.%) 16.5
di-aromatics (wt.%) 11.0
tri+-aromatics (wt.%) 0.8
Simulated distillation ASTM-D 86

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

The catalysts were tested under the two conditions shown in Table 8:
Table 8
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Table 7 The catal ysts were tested under the two

condi tions shown in Table 8: Table 8Conparative
wez@anissent 1 (CL : NI .5MbO 5WD. 5 R3 extr udaP€l/ER56/210292

g of Mo (0.8 nole Mo, ex. Aldrich) and 200 g

oftungstic acid H2ZWD4 (0.8 nole W ex. Aldrich) were

slurried in 6400 mM of water (suspension A) and heated

to 9Q0C. 282.4 g of nickel hydroxycarbonate 2N CC3
- *3N[(O Z ¥4 H20 (2.4 Wr&mﬁdiﬂy%, Conditioh dIiCInHitior 26

sus peTERstratdrePEP M of [@aber and |Beated td RQGOC

(susiERsdpEah) The ni cKek hydr oxyagr bonat ¢ agsed in

this TR diltet@NIRY _€xanmpbeg had a [BooE. T. [|eotf ace

ar ed {2/ §- SUSpensigyl B vag sashded tJ s pensijon
A in—I0 mnutes, and The resulting mxture was

mei ntai ned at 900C for a period of 16 hours
(overnight) with continuous stirring. At the end of

Comptaggtﬁetﬂg%%g/r%a 13EFRABD V0.5 k3 bdhteyThe vi el d was

on the cal cul ated wei ght of al
115.2 getf MoQxdBomela e, iexvAldge) aed 200r9vfrtyrgstie ac'fiﬂ*ewm (0.8 mole W, ex.

AIdncI@Kr{géi‘@ §§}rne-5hﬁ 696’(3 g'll @f”@/a{e'r k§tﬁbeﬁsﬁ%9A)V\&§i Mféfted"io)@ﬂCV\ﬂzsim g of nickel

based on the total

hydroxygar@py@g Qfﬁﬁ@@@Ni(pbm 4 Helk (24 tmeole b Nie Bx- 6p9§mev9eret suspended in
1600 rm 8(ftv$/‘a\'t§r éﬁ@%e@@d”t@t%@b '(éhsﬁél‘i’s%n BR THe! méKal ﬁiﬁr@k%éﬂbdﬁbtb@sed in this

he m xture was subseque # gf( éuded be
and thee@,bﬁ?ftﬁ)ﬁag‘%l o Sl BT, SHITARE STS0BL2 A 86 SHingion B was added to
suspeﬁQUﬁ M At hingfed, §7d tHendultiig AHEure Wdsomaihtairdrat SOPE for a period of

16 hogRolRvBria) VB SoRRBUR R o AR SRR 0 BB, P aiigsion ves

fi Itereci C3‘he Vidid wadRbbva/68 % Rﬁas@ﬂ Lw\hmd)caTEhEteHXWélghtadfmﬂ roétal components
C 60 nesh fracti

naving, e CEMEReEHIGH L PRIRTg The REISIEE PSPk e e e Wit 2.6 wit of
a binded! (Bhdedesn aise eralcweigrtdol theCdatalpst ¢omspiosilion)siThg water content of the

i kSRS APEL Y, SR e fak Chinecuorty

extruded! Bhey@isultifig ﬁlldWS&k&dlthQO‘QJfoamG howrst(exernighthgnd gaicined at 300 °C
for 1 Q\rogl(_: uer % tfa'iys{n was glﬁd)hlded and tested using the procedure from Diesel test

procedure 2.

Comparative Experiment 2 (C2: Ni1.5Mo0.5W0.5 R3 crushed)

The extrudates of catalyst of C1 were crushed and 40-60 mesh fraction was isolated by sieving.
The material was then sulphided as described in C1 and tested using the Diesel test procedure
3.

Comparative Experiment 3 (C1: Ni1.5M00.5W0.5 R3 extrudate)
The extrudates of catalyst of C1 were sulphided and tested using the procedure from Diesel

test procedures 1.
Example 1 (E1: Ni1.5Mo1 R2 extrudate)

282.4 g of ammonium heptamolybdate (NH,)sMo702.*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

17



test procedures 1. Exanple 1 (E1: N 1.5M1 R2

extrudate) 282.4 g of amoni um hept anol ybdate (NH4
woR@702593H20 ( 1 .6 nmole M, ex. Aldrich) wer ePCI/EP2006/010292

di ssolved in 6400 mM water, giving a solution with a

pH of about 5.2 at roomtenperature. Thesol ution was

subsequently heated to 900C (solution A). 282.4 g of

ni ckel hydroxycarbonate 2NiCO3 * 3Ni (OH)2 *4 H20 (2.4

solutiofOlvas Nubseenthy Bédtéd xo \9BrE (Solstmnap s ¢ 6 hickel bf/droxycarbonate
A T T R ot

this s&@ém%romé\hmed@o 9(D°ﬂll(fs8§pen’3md B)hEheresuspension Buegseatsied to solution
Ain 1@?5‘}1?5“1%%, n? tE? (ﬁu{tlﬁggg%s&pne\y e o%g%gﬁgggggor ar%\ér 103 of 16 hours

with c@:ﬁlhgbmﬁhrﬁmg Tt ysik wavaboeb®@S tdEHe pbiained filemtake was extruded (with
i nder ri.ed, .calcined Ip SCI.j LN
10 vl U Al ea AP Bt 255 5P) 8l iing e
procedure ¢reaLDiesel tedbpeorptare2. ( E2: N| 3l\/b1 R3 extrudate) A
catal yst was prepared as described in Conparative

Experinent 1 (Cl), except that only one G oup VIB
Exampi 2(E2 dii3Mot RS extredate)| i ed: a catal yst was prepared

A cataixsgit r\l‘\%ﬁi)??pca‘% a5 8e%g§¥ggne88$?p5{a'tlgé( FQ;EE ‘((ﬂ%')t( ;/ggr gﬁ(g%&’that only one
Group2 NIBE(etal 3ddinfporieat ’Masl—lﬁﬁ]bl(ed & rcatadystyas Prepajéct|u$inga230.4 g of
molyb ndzﬁ t?§xu{3 I'I) gs%g OWllot %er“r‘clﬁz QdeHeé gﬂ“of Q‘TICI(%‘ Ihydroxycarbonate

ents av I'hg een converted t
2Nucmme@-l)z*nhsz© 4.8 meld lﬂli) | The yn@hikwasy\/abow,txﬁ& %é@sewovhthwalculated

% |
welgh%f glpﬁ'ng gEamp%Hf&dhaﬁe%@S&S%@ﬁg% g)gglees?‘ﬁ' he otbtalned filter cake

was ephm,dagc(wme 10 witehindsine dded, €3lcined §u@b@§@ as p@;crped in C1 and tested

! Bb¥st SHcBhGRa ed as described in Conparative
usmgg(b erl rreengt%l %Cl) except that only one Goup VIB

net al conmponent was applied and that the preparation

Exampfss (E9: Nisflo P pbwakr R3f MRl | er

A catalyst was prepared as described in Comparative Experiment 1 (C1), except that only one
Group VIB metal component was applied and that the preparation was carried out at a smaller
scale: a catalyst was prepared using 28.8 g of molybdenum trioxide (0.2 mole Mo, ex. Aldrich)
and 47.1 g of nickel hydroxycarbonate 2NiCO;*3Ni(OH),*4 H,O (0.4 mole Ni). The yield was
about 98 %, based on the calculated weight of all metal components having been converted to
their oxides. The resulting solid was dried at 120°C for 16 hours (overnight) and caicined at 300
°C for 1 hour. The obtained material was pelletized, the pellets were crushed and 40-60 mesh
fraction was isolated by sieving. The material was then sulphided as described in C1 and tested
using the Diesel test procedure 3.

Example 4 (E4: Ni3Mo1 powder R3)

A catalyst was prepared as described in Comparative Experiment 1 (C1), except that only one
Group VIB metal component was applied and that the preparation was carried out at a smaller
scale: a catalyst was prepared using 28.8 g of molybdenum trioxide (0.2 mole Mo, ex. Aldrich)
and 70.6 g of nickel hydroxycarbonate 2NiCO;3*3Ni(OH).*4 H,O (0.6 mole Ni). The yield was
about 98 %, based on the calculated weight of all metal components having been converted to
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scale: a catalyst was prepared using 28.8 g of
nol ybdenum trioxide (0.2 nole M, ex. Aldrich) and
wd7001/0¢8503 ni ckel hydroxycarbonate 2N CO3 * 3NPCIERPR08/610292
H20O (0.4 nole Ni). The yield was about 98 % based on
the cal cul ated weight of all netal conponents having
been converted to their oxides. The resulting solid
was dried at 1200C for 16 hours (overni ght) and
their ofidés: iThededUitingd1id Wak @iied ah 020°C fdhts bdﬂ.trai(dved\igfal and edicined at 300

o o e o o P 5806 RS el BBt S 4050 mosh

fracﬂoN\/&&sﬁsfwne@»w valdgidr I'iwndteaalrwdsetdem wlﬂndechanjdesmbedim C1 and tested
e est procedure 3. Exanple 4 (E4:
“s'”gtﬁﬁﬁ%f% 8 5A catal yst was prepared as described
in Conparative Experinent 1 (Cl), except that only one

Example Be Lol 2ovER oL out at b smal | or scale: &

A catgipdtalis tpriared r fda tested) HisndestBib&d gn OF 3,mekogpti¢hatrinstead of nickel

o oA 8 R B e 3B B e

nole Ni). The yield vvas about 98 % based on the
at.ed nmet al conponents havi ng been
Examelsrﬁ/gst &51 ?'@ﬂ]&gl‘ex . The resulting solid was

A cataffst Wgso @Bepbm (ﬁéﬂcnﬁéd me(Dldsmpératn&r E}kp;dmh’)enam dCtrlexcept dhat only one
a : our bt ai_ne | .

Groupp&(@em?t?g&on{pﬁgergeyvﬁgt §p e cFa‘SE{Sga %@? %S Sing 2304 g of

molybdéraed itdoxiden¢!.6 sablat Bid, lex. Aldrichngnd TZ&Q.M of inidkelvhgdroxycarbonate

2N.cqaﬂa§?@ig§§m (83& 53 g‘%%ﬁ] ﬁ%dylélgx\gan%ﬁgﬂg 9%3;? %%s)%tﬁ}g?glhe calculated

welghw\mlenetasc)ompwamal nagmgvtmn poeyatteddo dheir oxidasedha obtained filter cake

was eﬁt)?/ rox&gar ona?se b%gﬁp‘aﬂ%&%% gﬁc?jtselﬁh@rbg)%l(:%er g%eadt Ien C1 and

tested(UBing the Des&ldpstpascedsead]. Exanple 6 (E6: N 1.5M1 R3
extrudate) A catalyst was prepared as described in
Conparative Experinent 1 (Cl), except that only on

The fulrwidth atiMBIfrreémumdidimdhwasareasyiedifayall axamples aad W\ﬁ/ﬁ§°””d to be

below 2 £ ReLIEEkaHHE L RPES. Bhfesults in Table 9 show that the catalyst according to
the invention achieves very low residual nitrogen levels. Hydrodenitrogenation activity,
especially when expressed per unit weight is high compared to the prior art trimetallic bulk
catalyst. Even when compared on the basis of volume activity, the activity is still good
compared to the trimetallic bulk catalyst of the prior art. Clearly, the activity increases.with
increasing group VIII metal level. A comparison of conditon 1 and 2 shows that
hydrodenitrogenation results at higher pressures are improved to a surprising extent. The
hydrodesulphurisation activity is relatively low but acceptable. The bulk catalyst according to the
invention is particularly useful for use in combination with a very good hydrodesulphurisation
catalyst. The high hydrodenitrogenation activity and ultra low residual nitrogen levels allow a

hydrodesulphurisation catalyst to achieve much lower residual sulphur levels.
Comparative experiment C4 (Ni1W0.5Mo00.5 R3)

188 g of nickel hydroxycarbonate 2NiCO;*3Ni(OH),*4 H,O (1.6 mole of Ni) were suspended in
8000 ml of water and the resulting slurry was heated to 60°C. Subsequently 115.2 of MoO; (0.8
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nol ybdenumtrioxide (1.6 nole Mo ex. Aldrich) and

282.4 g of nickel hydroxycarbonate 2NN CO3 *3Ni (OH) 2 *4
wo207028543 nol e Ni). The yield was about 98 % beEEP2006/010292

the cal cul ated weight of all netal conponents having

been converted to their oxides. The obtained filter

cake was extruded (with 2.5 wt % bi nder), dried,

cal ci ned and sul phided as described in C 1 and tested

mole lﬂé% biteq ¥ ﬁ.ﬁ@lstlé 584 HING,SBW Roik- WY herd H&Ided\/&rﬁi the @ésulting slurry

maxi mum was neasured for_ all g S Eg
was heatedto B 5 BaniAnSH 3 e lemgeratire-ip pcree BouEo4 nours with
contind6\® $tRdy. Btherendiad? s Amahhie/ stubﬁénstohﬁmébﬁﬂlt%fads tThe obtalned filter cake

according to the i nvent i on achleve
was wat-Tisgenth L% of PTG e G (8 et o e Satalyst Sompositon).
The wﬁéfé?%h&'nk Bf tﬂéerﬂlxﬁ)férvﬁsséﬂ]’usﬂ&i inlerder Vaﬁbmbtn ars ekthuglable mix, and the

onpared to t [ t tri taI bul, k
mixurE, urs HBTPUBT PR (he THRuTES Gt e Bf el for 16 hours
(overrﬁd?ﬂf) and té!lllzlhé’c: b15360 Pd3|for900|dun‘: G’Im:’:a“é&ddites eee trushed ahd i40-60 mesh
al.yst of art
ractop 3% BQBEN Y, SOV DELTRG a BrotoT o P PSPl U the Diesel
test proesquae Daon of condi ti on 1 and 2 shows that

hydrodeni trogenation results at higher pressures are
inproved to a surprising extent. The

Comparativedaie e hah;mt'csgt: Ic()n activity is relatively |ow but

o OSPP B FE bk £ /AR50 8. RIS, 120 6 om 0075
mole MQ)Tthmm.O@I’NIWUa NO 892 efoje gt)agbraymbredohmqubd to $82.6gH.O in a 225 ml
sutooi 4 ok S FGHEIER PLOGRRPHIARAC Ut b urtithi o5
solutldwd\ra@CHﬂBnerhuhr:W&mgil-Q@ ddiag ﬁkJErnabZEMWGwdlsmhd irothisr solution. The

autocle)eqf§ %al Rﬁ%fl g )wa%grgJ §|gmﬁg Pq\qégar%zgﬁé gﬁ%%ﬁ]%a%urry was added
to themme(mlmATwaJt@QIaﬁe mas @Ioeed Bng haetueé te 89 pErandckept at 80

°c for'héebar?@g%smrggﬁ&mégésequ H?d r(tﬁ%%' \&égweo %%Hﬁ' t"@érpressure) and the
solidsMugrearego®ed dpyosprayi dgyng cunder gondfitinng FspuEn ai W Sﬁéﬁi% were not
expos@g qg?e %thﬁé‘é arbﬁ%l kbh PG éacétﬂ:gl rté/mw&ur@élﬁ%t Eibe%é%oaayi Due to the

rature eri od
apphcaﬁomgwsmamﬁwmgcm V'ﬁuwféh%W?Rﬁfﬁ@" s&pulﬂrke é%%o?hlﬁ ﬁpgesponds to

0 A It to
e (S 2SRRI AR I 8, 5, MO feson. e

restitingsolibwa paleieh(the pelate wer Sugasd aSHERsE) feshfraction 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 D4.

The XRD diffraction pattern of the spray dried composition of comparative experiment C3 is
shown in Figure 1. The XRD shows the lack of any sharp reflections having a FWHM below 2.5,
which indicates that the composition is XRD-amorphous, as opposed to the catalysts according
to the invention. In Figure 2 and 3, the trimetallic catalyst of comparative example C4 and the
catalyst according to the invention of example E2 are shown. The comparison of the XRD's in
Figure 1, 2 and 3 clearly shows the differences as described above of the prior art amorphous
NiMo catalyst, the prior art trimetallic catalyst and the catalyst according to the invention. The

activity test results also show that the catalyst according to the invention has a significantly
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The water content of the m xture was adjusted in order
to obtain an extrudable m x, and the m xture was
wgaiwsmegsent | y extruded. The resulting solid waBCHEP®A6/010292
at 1200C for 16 hours (overnight) and cal ci ned at 300
OC for 1 hour. The extrudates were crushed and 40-60
mesh fraction was isolated by sieving. The materi al
was then sul phided and tested using the Di esel test
higherPa&HiFsHehStidA* actvfRdakhi l6Rel ¥hduaNeitfogeh ddmterirethamdhe amorphous
descri'bed in Exanple 1 in WO 2004/ 073859 was rewor ked.
catalyst of gorgPatelye@¥agPIE 1l ¢ Mb) and 11.0 g Ni CO3 (0. 092
nole Ni) were m xed and added to 112.5 g H2O in a 225
m autoclave. The tenperature was raised to 80 0C
Compgrative expedgptC6s 65 g armonia (25 wt. % sol ution) was
The mgirloutd‘égcrmehfh BXarApld 68 WO%004/09 388 PWa RinoA&A0 17418 Ni(NO3)2.6H20
his sol ution \}@?e aut

d t . Cl
oo ohshel e TR0 Lo, 00 Bl SELYE NS PRIGb ot oo
tempefatie! PuM@P hedling do 80 00125 Big<HNOS w4 ddded aOleacsalution, ibing a pH of

aut ocl ave was closed heated to,80 kept
2.55, 5 G0eR6H. S0 @ nREEEt A0 van EPEDE A gJnRd B LIRaleg to 80 0C.
The siIES stiPehsianival @aBéd @ Blepmetas solefona@dvttdiNH4OH wias addes slowly until

recovered by spray drying, und condi tLons a NG i
o . it preceios cabes A el RSk BBl ST o v e
metal388lutdn, hacuspénsicenpey filtenec Thhediltantakewaserkshed. DG to tbadfo loss in

tQ the appli.cati of spraysdryi ) el f  tohQ:
the igte B epRBperEaf e e BB Richis 382w ENEICE, 958y oRRio and 30,8
wt.% 6iGd. CTHeatesditing cxofid swasi dniedoft 480°C for . 1% Mu@s, (o@@nightix The obtained

Ni O and 20..7 W . % Sl O2. T S i sal.l ;
materil e ey 414, pefelt S lfeeRSutd s08q Al 48on, was isolated by
sievin§.r Fret materialagas theh aateihed\at SD8VCfgr 1 Tiner. The ardtenal was then sulphided

then cal.cj 1 hour. The material was
and tﬁsﬂegnusnsn |‘ﬁ%§?%ﬁﬂgﬁt§’q?%%ﬁé%eﬁsi ng the Diesel test

procedure D4. The XRD diffraction pattern of the spray

0 i Seflections, which

The YD lindcRBRpRle 4} A, SHRGRRIA hikEs EDBRL ST Sy Sharb refecto
indicatesfthatdné eomapdsdtionrigfully KRNVAMEIPHAES. 5, whi ch i ndi cat es

that the conposition is XRD anorphous, as opposed to

the catalysts according to the invention. In Figure 2

and 3, the trinetallic catal yst of conparative exanple

C4 and the catal yst according to the invention of

exanpl e E2 are shown. The conparison of the XRD's in
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Table 9: test results

Figure 1, 2 and 3 clearly shows the differences as
descri bed above of the prior art anorphous N M

W@ 2u0al0yssb3 the prior art trinmetallic catal yst BOTEP106/010292
catal yst according to the invention.
results al so show that the catal yst according to the
i nvention has a significantlyhigher denitrogenation

activity and a |

t he

Cony
Exan
Ni (

Mp)

Dur i
sol U
Si p§
80 (
sol |
wher
aftg
t he
wash

conp

ower residual
+

The activity test

nitrogen content than

HSTE HsisTofraaeiparaggtye exanpl e C4.

& i V8| BKPET RIS |4 STEe —method descri bed in

& 61in WWJ 2004/|013859 Vas rewprked. 174 ¢

BZ.EB&O%E&@I&%‘JS@SEM 2/5 g ADM (0.6 nol e

Be dssol ved [0 200 |M| H2PO af room tenperature.
Rg heaiFHrateto & ’5,5,@ NB{was added. O ear
1 on, |RaR(BFE2PHYR |2 |BH~ WS ¢btai ned. 36.9 g
rnat 2200 was| di slperged iln 300 ¢ H20 and heated to
S HThe SB[ Nea| BB|BIFHEJEB (Fas|@dded to the netal
o &n. 7w 9 NI-MO-{‘_Was'_eEi_ded slowy until pH 6.8
qpr‘-eCir‘%l:(i—ﬁ) o [Affer [aogut 30 mi nut es
2 Ghe |28 T BF° T =i T|FgE o tThe [metal s sol ution,
SuFpensilon wab fil tlerled. |Thel filjt er cake was
&l. DU&|EontRE-IM T @S (S hsfill trate, the
ositiqgnjof 1hp re§ult'ng sol|d was 31 .2 w.%

. Jont=; W p@SiiO2. The resulting
&11°e8| a1 AR |FA= 16 fourls (overnight). The
mtler i al | was! pelll gt gd he |pel l ets were
& | $0L268 %9%?%&20@& ws |i sol ated by
he terial g tlhgn cal cijned at 300 OC for
HershEes] @fowas [=ensul@hilded and tested
Dilesel tept| pdgduUi@ P4. [The XRD
nipat P'ngtm%rgind soHid shows the | ack
eqowreigagtg S ch {Mdilcates that the
nlis fully XRD-lanprfphotis. Table 9 : test
VB R SIEpRIE TE @ st [sonpri sing at | east
&l x| d| T| PETtT|CT €3] coppri|si ng one or nore
get gl g M-Bhetgdl nol ybdenum
Jleds fﬁ%ﬁ é‘;‘9§01§a second Group VIB
atiive{top [he fagtal janoyint [of G oup VIB
RISl A B[ ®|wi® V(eetlal i n an anmount
}Etdrol[e' & Cre|trweld olthg total of the

3 al-$ )1 —whi-ch—buHd—eataly|st has been
t|a|Lemperf al up el below & tgnperature where

Ol met ast apl Ol st al [ struct ure changes to
ipacgi vie [crystal |ine| striucture, greferably
5% alalel | |z]s |3
< |z
Q [e)
i CREHERE
- %SEEEP%‘S%QS%SQ
e EEEEEEEE SR
8 el ®|ala Y=l == 8O 8
3 Z| 22| 2| 20|22 2|z |2 d[2 4
c
5 lolmlaalselgelsss 18
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bel ow 450 0C, which bul k catal yst has a netastable
hexagonal phase characterized by an X-ray diffraction

w@adoreussohavi ng refl ections at 33-35 and 58- 6 1PCREPRD06/010292
The bul k catal yst according to claim1, wherein the

Goup VIIl to Goup VIB netal nolar ratio is above 1.5
3. The bul k catal yst according to claim1l, wherein the
Goup VIIl to Goup VIB netal nole ratio is between

CLAIME 5 and 5. 4. The bul k catal yst according to claiml,
wherein and wherein the main reflections have a full
width at half maxi mum (FWHM) of less than 2.5. 5. The

1. kNblﬁlk Q:aia@lsyédm;ﬁ&ﬁ@réillmt 50 wtdoanetalloxidihparticles térapi@irgipne or more

croun e b Vo ] oy B S CBSE A ot o o o
secon® wmsm;ama aietar (Kéwﬁpé it ehamtay aooaingyofo@mup| VIB metals) and .comprising a

Groupgérgtgfagp@d\ qraoqﬂ éqs&tl':l{afnaﬁ) fe &f(hetlglffle %'{hlé tgtg‘ g{ tKé broup VIB metals),

prepar
which I#kC chtalystrhas Ween odaleingd at iac térnppratire duab\noa twrp@ratuneswhere the

hexag?nggazl %et%s%ﬁ%%@%ﬁa& ﬁg'unﬁg {:%grgrgg% %é H(;gg:h\ger gféﬂnnésltrjuctua éweferably
below #80 &C, wiitty bulke nalta1yst:lmsm n@tasgabﬂame)dagonaj ohpsmq:hjgactenzed by an X-ray
anvaciGRBHSH i GFGafsf BSp hBagRicke an et | eoe

:/I zEnmetoal Ss) é and/or a G oup V netal in an anount | ess
2. nﬂ?ea'i’”]s"f c?n{g‘y)st ﬁcgé € ngﬁté ctY%e 2 vjhg %E%rgg% \)élhfao @o‘&HR/IMn%taI molar

ratio icabyweurtds at el evat ed terrperature whereby the first
and/or the second solid nmetal conpounds renmin at
| east partly in the solid state during the entire
3.  rEabilbratalyst agcardingetonaiaial 1,oxietia theaEtaup! \AY to &GheyreVIB metal mole

ratio |§Qe§w9éﬂ55%%%' yst in all stages during its preparation
s at a tenperature below a tenperature where the

hexagonal nmet ast abl e crystal structure changes to an

4. | @?&Bulk’ Rataly¥FARbIdiMtftoSdiditCt, Wikrei bRd WhaRinytheehaik réfieltions have a
full width at half maximum (FWHM) of less than 2.5.

5. The bulk catalyst according to claim 1, wherein the Group V metal is Niobium.

6. The bulk catalyst according to claim 1, wherein the metal oxidic particles substantially

comprise only one group VIII metal.

7. A process for the manufacture of the bulk catalyst according to claim 1, comprising

0] preparing a reaction mixture of a protic liquid, one or more first metal
compounds comprising one or more Group VIl metal and a second metal
compound comprising Group VIB metal molybdenum, comprising further
compounds comprising a second Group VIB metal in an amount less than 10
mole % (relative to the total amount of Group VIB metals), and/or a Group V
metal in an amount less than 10 mole % (relative to the total of the Group
VIB metals),
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8. The process according to claim7 wherein the first

nmet al conmpound and the second netal conpound remain at
woeash4g3astly in the solid state during the enpdCT/8P2006/010292

reaction. 9. The process according to claim8, wherein

the first netal conmpound is a netal (hydroxy)

carbonate and the second netal conpound is a netal

oxi de or acid. 10. The process according to claim?9,

whergigi n Hh%tuﬁg tigd f@&%@écdrﬁi fhetdl Cd@ﬁ'lpooﬂd!sbaﬂadl@awd temperature

258r ?réyg% grel 9,‘?%( IE;? ng g?esgé{.f@%ﬁéﬁfé aﬂrpgﬁggphﬁ remain at least

bul k cat ahiigtin aks @bkH Btatd Auingath@ dntire degutibs itodorf the metal oxidic
formng a sol ution of one or nore first sol uble netal
conmpound®? Iiﬁ'f?r"f)'rl sing one or nore Group VIl netal and
a smmh smé ubllle catdlgdt dorgliostades aduping sits1gpréparationV/irBmains at a

AP B Pt Ao R0 ot s

| n @har&gmumbn irmstvd loeystaliDerstruetufe, predérably \belowodGhE.
total amount of Goup VIB netals) and/or a Goup V
netal in an anount |less than 10 nole % (relative to
8. t'hhe paicass atcdrdisg @ aigim\i Blham]ralthg) first mefal rapapoung and the second

metal 8% ounﬁgg%%fnp%ﬁeaats{ E%tl{z FH Iﬁ]t st %uﬁﬁg ?{édi?rggé ﬂa] tion. .

ofr m oXIl |c pa erein
the bul k catalyst in all stages during its preparation

0. IPRBLREe tac%?r‘g‘f‘r[ﬁggr%ﬁ{raem)ﬂs{e%h@ f?sﬁim&l%mﬁ%u%staemte{é?(hydroxy)

hexagona 'e crystal structure changes t
carbonataend the secondt metal n@nswrlqlds arnestalpxisiecr a6idy bel ow
4500C. 12. The process according to clainms 7-1 1
wherein the protic liquid is water and the reaction is
10.  dDheplogess apcerding tantlaicbAawbersindtha firsh cpmpewndis 2 Nickel carbonate or

e ; ture ofthe protic
hydro%ﬁ&ﬁ&é{%ﬁn%¥&f&c@%r@@bﬂ atiéhst E5RF/R!

process according to clains 7-12,
wherein the first and second solid netal conpounds are

11. T A9RodeEoBrd h@ﬂlﬁﬁct@fié)é'fﬁthélﬂﬁﬁk\bﬁ@fygt ébcbhﬁ'\gl)lbcdlauﬁl 1| lcﬁlmpdsmg

separated fromthe reacted neta ol (‘1 part
stediii forming @ sgltien &f Ofig g ofeT ishrqlutg TR unds comprising

slurry i pnét@pmiore G:%upTVI*H et €5l ACseuofd Ngpllile hétamcompound
7-13 opt Icgrr'}l?alrléng féjrg %B me a[l Slly%ger?unn? t?le gg?utlon {urtF\er comprising
one or more compounds comprising a second Group VIB metal in an
amount less than 10 mole % (relative to the total amount of Group VIB
metals) and/or a Group V metal in an amount less than 10 mole % (relative
to the total of the Group VIB metals),
(i) reacting and/or precipitating the first and second metal compounds to form
the metal oxidic particles,
wherein the bulk catalyst in all stages during its preparation remains at a temperature
below a temperature where the hexagonal metastable crystal structure changes to an
inactive crystalline structure, preferably below 450°C.

12. The process according to claims 7-11 wherein the protic liquid is water and the reaction

is done in hydrothermal conditions at a reaction temperature above the boiling temperature of
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foll owm ng process steps: (iii) separating the netal
oxidic particles fromthe reaction mxture, (iv)

W@ 0w0sssh3 ng t he nmetal oxidic particles with OPCDEED06/010292
wt % of one or nore nmaterials selected fromthe group
of binder materials, conventional hydroprocessing
catal ysts, acidic pronoters and cracki ng conpounds
before, during or after the conbining and/ or reacting

the pr&fclhb@ nmet al conmpounds, (v) spray-drying, (flash)
drying, mlling, kneading, slurry-mxing, dry or wet
m xi ng, or conbinations thereof, (vi) shaping, (vii)

13.  OTpd PoceBSl/ stcoidingy 1@l digimé r Bap) Adeftin ahd dnstennd u;eeond solid metal

bel ow a .tenperature where tr itio tal Line
ComPaUIFE Ae TeS R MU OgEmepBmS TRA BRI theoprsfic JrR ??Par%"ed from the
reacted Whd¥ali tidigpartidies iA stap iK) is ed-aseds4t ledst i pantito ooy thetsturry in step i).

process according to anyone of clains 7 to 14. 16. A

sul phi ded bul k catal yst conprising a bulk catal yst
14. a‘Ch‘e)bdicés;s biccoﬁd‘i%g)tteclafm d-€8 optichallyofuither carhprisingl 8ne heimore of the

been sul phided. 17. Use of the bul k catal yst of

f°"°w'898f°ﬁ§sﬁ3tF836 or 15 or the sul phided bul k cat zu yst of

cl ai(iin 16 séparatmgithe pretalesEiawpprtidlesfréng drmacﬁnn’rmixture

];(raggﬁ ES@E%{{J@ Hggg'?e?t%? %{;ﬂm[&% Ca a?@tvﬁ"/mfof‘%ne or more
cl ai n5 1 materalorselectedt frdme thel pgﬂomcbfb@iﬂder;amateylg[s ogonventional

claimi6 hw}o er a%fg{/ &?%Yﬂté alﬂ‘d e lég’Hkl;@n compounds

cat al yst, Ic or trinmetalll

cat al yst befm@r ideiing) erurefiet ethef gpmbiniaghypadiopr traeting rf the metal
of a hydrgg 55’6&% f eedst ock conpri sing sul phur and

ni trogen cohtal ni ng organi ¢ conpounds. 19. A nethod for

ul t {8 desprayyhyiogie flasph Wit mﬂnﬁw fkngadipgpisluyaning, dry or wet

ni trogen nﬁﬂﬂ%%r'&bﬁ‘l indYeHsOharegpn feed conprising

contacti ng wth an (un)sul phi ded bul k
cat dviyst saaRig.di ng to anyone of claims 1 to 7 or

15- J(\ﬁ'r) drying and/or thermally treating at a temperature below a temperature where
transition to a crystalline structure occurs, preferably below 450-°C and

(vii)  sulphiding.
15. A bulk catalyst obtainable by the process according to anyone of claims 7 to 14.

16. A sulphided bulk catalyst comprising a bulk catalyst according to anyone of claims 1to 6
or claim 15 that has been sulphided.

17. Use of the bulk catalyst of claims 1 to 6 or 15 or the sulphided bulk catalyst of claim 16
for hydroprocessing of a hydrocarbon feedstock comprising sulphur and nitrogen containing

organic compounds.

18. Use of the bulk catalyst of claims 1 to 6 or 15 or the sulphided bulk catalyst of claim 16
in combination with a hydrodesulphurisation catalyst, preferably a bimetaliic or trimetallic bulk
catalyst comprising tungsten for the hydroprocessing of a hydrocarbon feedstock comprising

sulphur and nitrogen containing organic compounds.
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19. A method for ultra deep hydrodesulphurisation of a sulphur and nitrogen containing
hydrocarbon feed comprising contacting the feed with an (un)sulphided bulk catalyst according

to anyone of claims 1 to 7 or 15-16.
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