Process for the preparation of a shaped bulk catalyst The invention relates to a process for the
preparation of a shaped bulk catalyst comprising metal oxidic particles comprising one or more Group VIII
metals and two or more Group VIB metals. The invention further relates to the shaped bulk catalyst
composition obtainable with the process in sulphided or unsulphided form and the use thereof in
hydroprocessing. With a bulkcatal St |s meant a catalyst comrlsm at Ieast 60 wt% of metal oxidic
particles (wt% calculated on thet C - - e ght of the bulk catalyst) as
distinguished from supported catalysts that have metal OXIdeS deposﬂed on a support material in amounts
significantly ieasitvantion widesTibe: pubcsatadysheipualhdsdn tha Enapeal shiaped partchasisiag example
produced by exiuSion. ol 88&“&%%9.9&85@%%9&@%”}?%|%é‘?é?s%ﬁ'% oAb 4005 %81 additional

material, in partlcular a binder material. A bulk catalyst generally has a very high activity in
hydroproces¥fg STHEt‘EYﬁ%‘“ﬂ%F&Wo@?é%?H& e ﬁ{}ﬁt?%i’r%%ﬁéﬁ{y YA P BREBIR B all
processes inPiehish ia $iyeltided tsomsieiptided tsmtantvlicnuhg thrergetinalt wekoveterssdmperature and elevated
pressure, including processes such as hydrogenation, hydrodesulphurization, hydrodenitrogenation,

hydrodemetajigalinn, bdipdearamatzaton. yrioisRgizalen. P dBUAsiG i acking, and

hydrocracking under mild pressure conditions, which is commong/re erred to as mild P/drocracklng
A

Hereafter, wﬁ%ﬁ“t%tf’étl‘?ﬁgt% BRIy E‘ﬁ\ﬁtyoépﬁ?erﬁlﬁm%a?a DRARESRIENG % T fHUerRIBMS ndSarticular the
hydrodesulpHigtinatighed tavityusreriplicdtanitsth athayevinetahoicte deneddyd 28 L0ndesoAtses! a bulk

catalyst comprigiog i Kdraiedysy Ragigles comprising stilcaskysegiawpiy i metahard afleast two group
VIB metals (Bgr‘it‘ct’eféeffcf%ﬁﬁgléop?éd[fé@be@'&Pbﬂ@ﬁ%@%’%@?&.ﬂéﬁ“& nQ.'r%“ﬁVm!é{% §nyvtungsten

based catalysts, The comparative examples also descri k catalyst omprlsm stantially only one
group VIB mAdI55P8RE é‘?dﬂrﬁ Vfl?ﬂqét%f@'(ﬁ‘é‘ 82kt REFEFHSY f URIBIAAIIR kﬁ‘,l batapse). The
trimetallic bulkreatdyysts appraiotodatwe a Bignificaatsiftigher catalytic activity than the bimetallic bulk
catalyst. The trimetallic bulk catalyst particles are prepared in a process in which metal compounds

comprising o, Q&mowq%w b %Hd%?tﬁ\/ﬁréﬁgaﬁ%’nwlﬁ"m? SFRMR é’rl?oﬂb%%as'ésaéﬁ ﬁ%%@é@@q in the

presence of a protic liquid an erein one or more metal compounds remains at least partly in the solid

state during WB&.F&{%P&ES&J FRE BroRled il IR GIRYYPthIEIRSIAIE APY fifrétfSmains at
least partly inrdvswelid steltelmgd qtrfsastene sarnpamdhigdregehatiostatd ydrafesdehtoizgite solid-solute

process. Thepfioaessaybesesn, all g,ra@aew&aaedt@mupthtbaaatahﬁﬂfawaundﬁy@aaimatzmat partly in the
solid state is, referre %S’at?n Sieseplidh §§"9 “%Cgﬁo%r ‘r?} 001481 &Jé%?es é’bﬁ%ﬁ‘oﬁté‘”!ﬁh%'k

hydroprocessmg cataly ysts and a pro & manufacture t ere fcom rns & steps of combining
and react|ngca‘t‘“f@%'t’dﬂféréer%tﬂaa\?l’ln'Wn@t’gf%ﬁ‘iﬁagHd%%t%t‘itﬂ’?%ﬁ?ﬁt%'a%’f‘Mﬂ?‘@%'ﬁbyvféhﬁtetal
compounds inlschitigst areordartotheripnt®toin beainugpiecipitarestipsipratesacivitefe mede® as the
solute-solutg, pERERFerdiBe ic@pARArative examples also describe bimetallic bulk catalyst comprising only
one group VIB metal and only one Group VIII metal. The trimetallic bulk catalysts have a significantly
higher catalytic activity than the bimetallic bulk catalysts. Different hydroprocessing conditions, different
hydroproces@iR R %l‘&)éﬁ%F"ﬁﬁﬁé’f@H“‘éﬁtﬁBﬁﬁéﬁﬂWﬁ%@H%‘ %ﬁ@%@'ﬁ%ﬁ%ﬁt%ﬁ%hon of the
trimetallic bulkecaitalystitomzosittoat. basispeciivepoy tha ¢igie (bérerdiductfemegrocastimsedicfootin a chemical
point of viewcairjmefallic mgatalweksmmﬁbﬂﬂﬁm&mwsmm QERARC NP MBpRIRIRIS IS
significantly more diffi ultéo I%d%ccﬁﬁ an a blmetalllc cat ,“aqhanrg(es in the c%pos[tlpn 8f the desired
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bulk catalyst Ccanhot eﬂwayssb irect ytraKStla;toengiolrrllstlg o anges inco %rgit%ougf the starting metal

compounds SHfURIPER NGBS RIsthees GHes LSt s, Wbeaiﬁ'W&W‘tﬁéta'ﬁf?tﬁteTﬁﬁdF"ﬁﬂtﬂ%@é when
switching froratayststepapatiehdelk saralgshitohighesitaly thexaivsydbasitie rfsivietalavio kicwalystween the
production ryRs ARl O@K RaIGRE PIREIMSIAR pRRARY d HIHIEEERONR. RGN AYHCEHGSMAL One to
another bulk catalgst comgosm r%rmL?r ansetteallssa%r duced co are(v| ga g{g\gl rOdléCtl%n run, leading
to more environmental burdén and 1o of precious me(taﬂsm% Tve mven oNnIS o p provide a
process for {18 RISFRNECAlRRIPUCHIFAIGHANTE WRAKEERLAR Sf EeifBSH ﬁoma?ﬁt?ésr BtiRaGE a9s!t
disadvantages described above. According to the invention there is provided a process for the
preparation of a shaped bulk catalyst, which process comprises the steps of i) providing first metal oxidic
particles comprising one or more first Group VIII metals and one or more first Group VIB metals H)
providing separately prepared second metal oxidic particles comprising one or more second Group VIl
metals and one or more second Group VIB metals, wherein the composition of Group VIB and Group VIII
metals in the first and second metal oxidic particles gre different, Hi) combining the first and second metal
oxidic particles to form a bulk catalyst composition before and/or during shaping and iv) shaping the
combined first and second metal oxide particles to form the shaped bulk catalyst. The process according
to the invention was found to be less complex from a chemical point of view and has optimal flexibility in
changing to different bulk catalyst compositions. The first and second metal oxidic particles are produced
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The first and second oxidic bulk particles are combined in relative amounts based on the envisaged
end-use application of the catalyst, preferably the molybdenum to tungsten mole ratio in the bulk catalyst
composition is between 1:9 and 9:1. With a "different composition" it is primarily meant that the Group VIB
and/or Group VIII metals in the first metal oxidic particles are different from the Group VIB and/or Group

VIII metals ipdhg sarereliggind @Mﬂﬁh@tﬁ@ﬁiﬁi@%rﬁc@s@mﬁ@wﬁféél@@mmﬂ aneasssnther (heabipaf|B metals in
the first meta| oxidic RAICIES are differe @J yin a%”smﬁ s%%@%ﬂdva{ﬁeﬁé‘?@ré éBrﬁBBu%ﬁ‘erdsﬂlﬁéaét%'d'c particles.

It is further preferred that the Group s In the first oxidic metal particles are the same as in the
second metdt BXRIEDSAREILE ﬁ?'t%é%@c@@ﬁ?ﬁtﬁgqﬁ/%?ﬁ?dd”ﬁ?é?&ﬁﬂ@rﬂ’\’@ 5 F oI particles
comprise Mongtrleroumoasdhgamain @rieapt VEBtimhetdhesdlithetaecsnefaisditoxdeithpaalicsslsbmprise
tungsten as gagdnain Group VIB metal. More preferably, the Group VIII metal in both the first and second
metal oxidic particles is the same, preferably nickel or cobalt, and the Group VIB metal in the first oxidic
bulk catalyst is substantially only Molybdenum and in the second oxidic bulk catalyst is substantrally only
tungsten, “is ¥ BbRAHFANY BRI ERTAETSRIF S W AN oM aeR I SR FID BTHe?, BAEFRRORAMR an
insubstantians@mdacttief tiacbicro@msny/IB: ctasoi aibintatangdreéstablptiesstioasn gomoklpreferably

less than 3 angtanesthpsafRrabbolessnthan dtmeeke Mgl e Medaahpbiagieepiith @ group VIl
metals). MosLRIRIe AR 6 fishealsepand metsl sudc PRt ik subslaialyBipeiallc Nikio and

NiW oxidic particles reﬂfec Ively. In an alternative ' em odimen e first metal oxi cles comprrse 2

or more grodpSARTR @ﬁ@”&ﬂ@&kﬁﬁ?@c@ﬁ)%“?}m%Pé@%dﬁﬁf?f@?@ﬁ'f‘@%‘@éﬁ@rﬂiodﬁdi@ particles
comprise subvstahtiadlyanigneriédaroMiil YiBamétel dinetelie brmatalySteongy &/ H\signiicstly righisrembodiment
the first metah@xjsiconiticies ate srinaaindlisuiNddeléparticles and the second metal oxidic particles are
substantially bimetallic NiW and/or NiMo metal oxidic particles. The shaped bulk catalyst preferably
comprises only one Group VIII metal, preferably non-noble metals cobalt, nickel or iron, but optionally
may compridd fﬁf?%ﬂd’ﬁf@ﬁ%@ﬁ%”tﬁ)"ﬁ?”d) iRtefiTRIENO DY IPICRSSIG fesdrie ?k ?ﬁ@'fff‘af‘a"ffé’lur'ﬁ%‘?’gontaln minor
amounts of dthistionetaisy Theuballa chifatyst nraypogtion aflyiferttieetedim prisecptafiet atviypesiiahan 10%,
more preferanbaéaea.m &@tyﬁlé@ﬁ‘ PRI RIS IR EREA k@s’%’iﬂ tham E‘@w@ﬁ@aﬂ%ﬂt%&f@&@ﬁ%‘%lgm 5% (mole %

relative to th rou VIB metals)[wof an add ona etal in. art uIar a Oq,froqlp V metal,

t
preferably N|o eltacfyIsn ré]??l%ls r}r%org {antembodiment of ﬁw rocessslsascI iy rdine yt(r)n fie fnvention the first
and second WWW&B@G@?@@H@WW@&W@F@H@B QQ'EBW%VQ“ Rﬁ?@rﬂ?@é@é&!ﬁﬁﬁtﬂ'}@tpossrble to
use the procesmof thedys drstidineidlyctiamgateptidcataytespiopertipssdiva pretnie ushytipge paetd finished
bulk Cata'YS‘cB?n‘éBaﬁ&eamﬁoPBRBﬁéEE%iﬂwé‘isr@c@w'tf&‘ﬁ&ldn&e%ﬁﬁ%ﬁtﬁrar:% w&lgrttb%wgcess can
also be used or preparrn a bulk ata g] n‘LEI) st|t| on wherein Otrpa first. oxrdrcdb Elg%rtrclqs are provided
rejec

WI m one O an compaQsit here'is. consi
at least in par i the of spent, Use or régenerp? spent oxidic par icles or bulk catalyst and

the second r‘?@t’%ﬂ%kfdﬁ: Efﬁ?HER% |@ﬂ%§ﬂ9‘r&ép§réﬁdq9?ﬁa¥%’é‘%@8m¥o FBHNG RS p¥PRN reject or
regeneratedssyiehing xichit qrertictestoertulk czitdlyistame@ositivia nhefowastéas eraioyeledoynganaditogg such that it
can be convgRignBbsmBinGd RAGR BRI REGIHSH M m%é‘rﬁéﬁﬁyo%‘%ﬁ%@&dﬁkeﬁ?ét%'d'c particles.
Spent, used or regenerated spent bulk catalysts can be upgraded to meet the requirements for use in
specific hydrotreatment conditions. The first and second metal oxidic particles can be prepared in various
different wayS'@RiPM & rPtHYPHIOR 4310 R AU 6F BRCeR§HE dhsiRatafite of théBIstElieBW¢atalyst and
the high yieldataigsprefepnaidh #diin s sioahal/e thestiemiy onadis et iraxdisteseare both separately prepared
in a process comprising making a reaction mixture comprising one or more first compounds comprising
one or more&%rou&n gtlal/sé ref S‘rté' Ni or aanrdC%QSefgr OreeS%Pﬁ%% com oungsbcpmprrsrng one
or more Groupc\% Metals, prererably moFyBc(l)enum of ungsten |n eppresence 0 Brotrc Iquid, reacting
the first an secdr%ﬁdéhiﬁdﬁha@%ﬁ%ia@mpﬂﬁégﬂm gfeESbcond metal compounds remain at least partly in
the solid state diuripeptitingritsemeattixidic Atthiolegloanpesibdreadroend@rficst Grapor isnptaéeaned it is not
essential. It is esseqfialhatdhgiemns abredwing heat treatment of the bulk catalyst composition, in
particular the metal oxidic particles in the bulk catalyst composition, is below a temperature where
transition to an inactive structure occurs. This applies to any and all heat treatment steps in the production
process of the bulk catalyst. The skilled man can determine the maximum heat treatment temperature for
a given catalyst composition. This applies in particular also to heat treatment of shaped bulk catalyst
particles after compositing and shaping. Preferably, the bulk catalyst is heat treated below 450 C, more
preferably below 400C, even more preferably below 375C and most preferably below 350C. The process
may further comprise one or more of the following process steps: compositing of the metal oxidic
particles with 0 to 40 wt% of one or more materials selected from the group of binder materials,
conventional hydroprocessing catalysts, acidic promdters, or mixtures thereof before, during or after the
combining and/or reacting of the metal compounds, H)spray-drying, (flash) drying, milling, kneading,
slurry-mixing, dry or wet mixing, or combinations thereof Hi)shaping, iv) drying and/or thermally treating,



Typically, the metal oxidic particles are composited with a binder and then shaped, preferably extruded, to
form shaped bulk catalyst particles. In shaped bulk catalyst it is preferred to composite the metal oxidic
particles with binder material to improve the side crushing strength of the shaped particles. Suitable
shaping processes are extruding, pilling, palletizing, but also spray drying (optionally in the presence of a

binder) and gringisigvaiag ekparatatingepatianadyoiiti GastivaiirNpaitio siexnp lisirysprcieddiarrow particle

size distribution. T?@cé‘ﬂ)ﬁ‘é@%‘?@ ﬁ‘)ﬁprﬁ%@‘sfﬁr’ﬁ d&g%h&pﬁgrg% 89@&’%@%%&?&?%@8&“918 particles

comprising one or more Group VIII metals and two or more &roup VIB metals, which is obtainable by the
process according @RS et URr AT AchGerraId! roriaks e Jisa saReedmRsat ddescribed
above that has beearslgphidstifererthe use of the shaped bulk catalyst or sulphided bulk catalyst in
hydroprocessing) ebaiesasaieriresisioekanpraingHidrBUs /6 BiFGYeRapatedRipesREaaNIC

compounds and tq a:pro fofhe p‘,}/ﬁﬁ rgcessing a hydrocarbon feedstock comprising contacting the
feedstock with hg&?og_eené:lrﬁﬁtﬁe p{lr%asgn e gg a catalytically effective amount of the shaped bulk catalyst or

sulphided bulk ¥hERRRPH RS AR Shrtish SecligtBLavde SR IR IRIRET 1R £53B8M A Hat said
catalyst rich in tungaystis particularly active in hydrodesulphurisation. The invention further relates to the
shaped bulk catalyst or sulphided bulk catalyst according to the invention, wherein said catalyst

comprises atigashIRIEISARNIIAGIAL AT LRSS0 (Ale fislauRIndlniialof Croup VB

metals) of tungsten and its use as urisation cata e hydroprocessing of a hydrocarbon

feedstock. IMFYLAN RS ARSI fl!ﬁﬁ?ﬁtﬁéi%ﬁﬂwrlg QHfiseah iy nRYSLCATRP IR UTRe #REAfbre the
pressure prefmeiislyrstahoxaithpartR@spreferatigan arentidaudly, eptineedrstasiappeddvatiy mose than 50
bar. AlternatighinherinyRmian raigiemimihe shapetiask Aatalysias sulplislagspi-eatalskwherein said
catalyst co EI%‘??@&!%@%@%&JSE%&%& MRisRD 8%%9?&??&60\(8%@%/&%9 bdenup (mole,% relative to

the total of Group and to Its use as a hydroden rolgenatl n catalyst in hydroprocessing of a

hydrocarborRESdtBeN: W AsHHeHeat TR TLrANS: RylintHe KR RATRPRIlRR o b A% SYBHENSM compared to
the correspdoiiddghtrirthetadlieity atayes sheithd dwle cidysbateortlinthie the@veotiowil tenfemtiiee ihustrated by the

Examples aggsgopigtasiatiu axpesingiisdercihed helpwmelie cairlysis warertesiamsisivgrdhe diesel test
procedure D1 descgjgeq.gxlelow y in(gi WQ differenftotqmeperqture and ressure test condit'lonstol and 2
p

described inc?Jg_BﬁeS' _ghd gsagcﬁffé%u srtégéllérti;)lgstlaﬂgscrribedplrne g%?enf he ﬁ‘g tﬁ‘?xce_"Ls%ra %C?és r example in
RWAL and BRSO toMpee8e CoRAINSH efiat 2nd Sserifalg et AR RATIR A RRIBS B Ehe reference
catalyst Cl imxiEspatiztpcoredsing Dilywere GefinadBagdal . batlantdecadeidhiRig Aheaiiesaar¢healculated

relative to thisHafRIeRoR catfMsthdieseldamtpioterr el id Baiggtalysts 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 MeXtishia iR HiSAty HEREL AT Je BrASEEFACTABIRATIOWS ¢ b e fIEHiRBY SRRPN
dimethyldisutiiele txiditatalticdesdfareccortibiteof b resta®ol/oF lnaineg sbipind éa foatabystew engethénikested in the
hyd rotreatingﬂl%ﬁﬁ%ﬁ%ﬁé&%&%@%&ﬁ%@é@@&m AR BYHIdBalRiNe disd AbIRIds MBI
FEEDSTOC§ §5Jr!%ogﬁigr?sn tc%rrlrgrgroé)lvr\%) t?iézféllrsl}“gros%%gnc r%teﬁglt é%@lrgvﬁg)rtl%%s For example, the first

and/or second metal oxidic particles can be composited with binder material processing aid

before being combined and shaped. Details of the shaping process are described below. In this

embodiment the first and second metal oxidic particles are preferably homogeneously mixed

such that all the shaped particles have basically the same over-all trimetallic composition.



Mono aromatics (%wt) 16.5 Di-aromatics (%wt) 10.8 Di+-aromatics (%wt) 0.8 Total aromatics (%owt) 28.1
Simulated Distillation ASTM-D 86 Initial Boiling Point 184 5% Volume (C) 218.6 10% Volume CC)

The first and second oxidic bulk particles are combined in relative amounts based on the
envisaged end-use application of the catalyst, preferably the molybdenum to tungsten mole ratio
in the bulk catalyst composition is between 1:9 and 9:1.

With a "different composition" it is primarily meant that the Group VIB and/or Group VIII metals
in the first metal oxidic particles are different from the Group VIB and/or Group VIII metals in the
second metal oxidic particles. It is preferred that in the process the Group VIB metals in the first
metal oxidic particles are different from the Group VIB metals in the second metal oxidic
particles. It is further preferred that the Group VIl metals in the first oxidic metal particles are
the same as in the second metal oxidic particles. In the process of this invention preferably the
first metal oxidic particles comprise Molybdenum as the main Group VIB metal and the second
metal oxidic particles comprise tungsten as the main Group VIB metal. More preferably, the
Group VIl metal in both the first and second metal oxidic particles is the same, preferably nickel
or cobalt, and the Group VIB metal in the first oxidic bulk catalyst is substantially only
Molybdenum and in the second oxidic bulk catalyst is substantially only tungsten, "is
substantially only" implies that the catalyst has preferably no other, but may have an
insubstantial amount of another Group VIB or Group VIII metal, preferably less than 5, more
preferably less than 3 and most preferably less than 1 mole % (relative to the total of the group
VIB or group VIII metals). Most preferably the first and second metal oxidic particles are
substantially bimetallic NiMo and NiW oxidic particles respectively. In an alternative
embodiment, the first metal oxidic particles comprise 2 or more group VIB metals and one or
more Group VIl metals and wherein the second oxidic particles comprise substantially only one
Group VIB metal and one or more Group VIM metals. In this embodiment the first metal oxidic
particles are trimetallic NiMoW particles and the second metal oxidic particles are substantially

bimetallic NiW and/or NiMo metal oxidic particles.

The shaped bulk catalyst preferably comprises only one Group VIII metal, preferably non-noble
metals cobalt, nickel or iron, but optionally may comprise an additional Group VIII metal.
Although it is less preferred, the catalyst may contain minor amounts of other metals. The bulk
catalyst may optionally further comprise preferably less than 10 %, more preferably les than 9%,
even more preferably less than 7%, and most preferably below 5% (mole % relative to the total
of the Group VIB metals) of an additional other metal, in particular a Group V metal, preferably
Niobium.



231.1 20% Volume f C) 250.9 30% Volume f C) 264.8 40% Volume (C) 276.4 50% Volume f C) 286.8
60% Volume fC) 298.1 70% Volume f C) 309.7 80% Volume f C) 324.7 90% Volume f C) 345.3 95%
Volume f C)

In the most important embodiment of the process according to the invention the first and second
oxidic bulk particles are both freshly prepared. However, it is envisaged that it is possible to use
the process of the invention for changing the catalytic properties of a previously prepared
finished bulk catalyst to change the properties in view of different requirements. For example,
the process can also be used for preparing a bulk catalyst composition wherein the first oxidic
bulk particles are provided at least in part in the form of spent, used, reject or regenerated spent
oxidic particles or bulk catalyst and the second metal oxidic particles is freshly prepared. It may
be necessary to bring the spent, reject or regenerated spent oxidic particles or bulk catalyst in a
suitable form, for example by grinding, such that it can be conveniently combined and shaped
together with the freshly prepared metal oxidic particles. Spent, used or regenerated spent bulk
catalysts can be upgraded to meet the requirements for use in specific hydrotreatment
conditions.

The first and second metal oxidic particles can be prepared in various different ways described
in the prior art. In view of the high catalytic activity of the obtained catalyst and the high yield it is
preferred that the first and/or second oxidic bulk particles are both separately prepared in a
process comprising making a reaction mixture comprising one or more first compounds
comprising one or more Group VIII metals, preferably Ni or Co, and one or more second
compounds comprising one or more Group VIB metals, preferably molybdenum or tungsten in
the presence of a protic liquid, reacting the first an second compounds wherein the first and
second metal compounds remain at least partly in the solid state during the entire reaction.

Although a heat treatment or calcination is preferred it is not essential. It is essential that the
temperature during heat treatment of the bulk catalyst composition, in particular the metal oxidic
particles in the bulk catalyst composition, is below a temperature where transition to an inactive
structure occurs. This applies to any and all heat treatment steps in the production process of
the bulk catalyst. The skilled man can determine the maximum heat treatment temperature for a
given catalyst composition. This applies in particular also to heat treatment of shaped bulk
catalyst particles after compositing and shaping. Preferably, the bulk catalyst is heat treated
below 450 °C, more preferably below 400°C, even more preferably below 375°C and most
preferably below 350°C.

The process may further comprise one or more of the following process steps:



360.3 Final Boiling Point ("'C) 373.8 The catalysts were tested under the two conditions shown in Table 2.
Table 2 Presulphiding Condition 1 Condition 2 Temperature (C) 315 320 340 Pressure (bar) 30 40 20

i) compositing of the metal oxidic particles with 0 to 40 wt% of one or more materials
selected from the group of binder materials, conventional hydroprocessing catalysts,
acidic promoters, or mixtures thereof before, during or after the combining and/or
reacting of the metal compounds,

ii) spray-drying, (flash) drying, milling, kneading, slurry-mixing, dry or wet mixing, or
combinations thereof

i) shaping,

iv) drying and/or thermally treating, and

V) sulphiding.

Details of the process steps for the preparation of the first and second metal oxidic particles are
described in the prior art, in particular in WO 00/41810 or WO 00/41811, which are herewith
incorporated by reference.

The bulk catalyst comprises at least 60 wt% of metal oxidic particles (wt% calculated on the
basis of metal oxides relative to the total weight of the bulk catalyst) as distinguished from
supported catalysts that have metal oxides deposited on a support material in amounts
significantly less than 60 wt%. In view of obtaining high catalytic activity it is preferred that the
bulk catalyst according to the invention comprises at least 70 wt%, more preferably at least 75
wt%, even more preferably at least 80 wi% and most preferably at least 85 wt% metal oxidic
particles. The remaining 0 to 40 wt% can be one or more materials selected from the group of
binder materials, conventional hydroprocessing catalysts, acidic promoters and cracking
components.

Typically, the metal oxidic particles are composited with a binder and then shaped, preferably
extruded, to form shaped bulk catalyst particles. In shaped bulk catalyst it is preferred to
composite the metal oxidic particles with binder material to improve the side crushing strength of
the shaped particles. Suitable shaping processes are extruding, pilling, palletizing, but also
spray drying (optionally in the presence of a binder) and grinding or agglomerating optionally in

combination with sieving to a specified narrow particle size distribution.

The invention also relates to a shaped bulk catalyst comprising metal oxidic particles comprising
one or more Group VIII metals and two or more Group VIB metals, which is obtainable by the
process according to the invention. The invention also relates to a shaped bulk catalyst as



H2 to oil ratio (NI/I) 200 300 300 LHSV(1/h) 3.0 2.0 1.5 The test results are given in Table 3 wherein
RWA is relative weight activity, based on the total catalyst amount loaded in the reactor. HDN is
hydrodenitrogenation and H DS is hydrodesulphurisation. CBD means compacted bulk density of the
catalyst. R3 indicates the solid-solid reaction process wherein both the first and second metal
compounds @sscabdaaslopa it $REtbesHiBgdhedeastion useosmprr ahive & ¥pRrbaenstlotGlihtideaMo0.5W0.5

R3)115.2 g M|M%?§é/§91ﬁ HgSlSrﬁME’?s%%ﬁﬁ?(’QWd%lﬂrEQP;ge%Q%r@%%ﬂﬁpﬂgﬁg%%& e 49d8nl{'ﬂc§_’d%g’lv  BX.

Aldrich) were slurried in 6400 ml of water (suspension A) and heated to 82 4éa{ofn|c

hydroxycarbTHERE ORIBTEFEHS NSRBI IS 1998 2.2 RBRESY I, BR. N&W&ﬁ?%ﬁ@%&ék& 8e49R™.600 ml of
water and héegesiork 90Qp(sinsperitiohnB thd freedrtsios| Wisidhastsaomrbortbeepiesedda ehis catadyticellpther
examples hagta e Bmbususfase sias@bdR%AAS: SusnenEenbBwatgsdedi® isusRrAsiageA in 10

minutes, ang t[gg&lgglrg.(gﬂi TULG as maintained at 90C for a period of 16 hours (overnight) with
continuous st#%%g. At the Ien§ oﬁ[his 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 wésvaetawidgtalvithid2cstalyss ifhaitbindestéhas edrinvigily exialeneigivrofehdpbatisgtstrcomposition).
The water carteRtafiidenimhdurgas SRBIskRPgdN IkebiNyebiaklBRiEE Bitlabie iacoehfteenixture was

b tl . Iti | ' ' Icined at 300
subsequenty e Thedroulinasall wasied atdgQy ggf&%§9w§réqwsm%& ) 3n galcined a

and tested using t rocedure from Diesel test procedure 1 and

the conversibWte<INE are r§ﬂﬁﬂ¥ﬁa€‘?z§lfiﬁ°’iaéb?é ST empEr B8 ExpEAMERED @9: Ki1U8VB55M00.5
made from unyreeasdodNidet)n caatlyist theasyprapesestiby o ethydxangwinupedstotddliondddsrheGroup VIB
a?éi G r:;JUD V&gd@@}ad mera&grgﬁrstgligaiﬁ@mﬂyﬂgr@.sa@)maﬁd %gﬁ@?ﬂ&@r@;ﬁt@ M{Q@u@-&é"é&i&@% eX-h
Aldrich), 115, . ole M X. ri and 1 of Ni 4 male Ni, ex rich). The wet
oxide mix Wzlic's nr?ﬁll()';)(eeg4 %%%62.§r\?v€5 ;% gf gf%?fer\cﬁargbgeangnet\h% t%toa{fevx%% it glfytrrﬁaorCGattg?ysts @ogr%osition. The

metal oxidic’/H&EriRike R RARiIREFIArRE, BarRhTRe ek SaipkiletsHIng el GRS BRI s described
in Cl. The comicrsialysesulisrars stimasafigeprafefaibler®rd trep60r Gicuvity veS0its Shiyhdtmanis essential to
react the GraHp /4B raReEVe iBURMBIPXidis U tUECAHRBRYRAS Retereseamliniigo forarogiastidk!:
Ni1.5MOO.250\4\(8%&r%ii/(grgp%%%gg}hge%f%%)C/:glrtoecljlg%tgn feedstock. It was found that said catalyst is more

active in hydrodenitrogenation compared to the corresponding trimetallic catalyst with lower Mo

content.

The invention will be further illustrated by the Examples and comparative experiments described
below. The catalysts were tested using the diesel test procedure D1 described below using two
different temperature and pressure test conditions 1 and 2 described in Table 2 and gasoil
feedstock as described in Table 1. The postfix 1 or 2 (as for example in RWA1 and RWAZ2) refer
to the test condition 1 and 2 respectively. The RWA/RVA values of the reference catalyst C1 in
diesel test procedure D1 were defined as 100. All other RWA/RVA values are calculated relative

to this reference catalyst.

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 dimethyldisulfide to a total



A Ni-W wet filter cake was prepared as described in Cl, except that only one Group VIB metal component
tungsten was used: a catalyst was prepared using 400 g of tungstic acid (1.6 mole W, ex. Aldrich) and

282.4 g of nickel hydroxycarbonate (2.4 mole Ni). The yield was about 99%.

Further, a Ni-Mo wet filter

cake was prepared as described in Cl, except that only one Group VIB metal component molybdenum
was appliedsareatahisitwes pPreparesk pedagiphiidbd Gialysroldid aatedtienided hrigeiMaiex. Aldrich)
and 282.4 g &éé&'ﬁé@&&é&&%ﬁﬁ%%?&Se@eé JPals NixfRe yield was about 85%. The wet Ni-W filter cake

prepared as described above was mixed with wet Ni-Mo filter cake as described above. The amount the
respective cakes was adjusted as to obtain the Ni to Mo to W mole ratio of 1.5 to 0.25 to 0.75. (512 g (dry
base) of Ni-W cake + 128 g Ni-Mo cake (dry basep),Ehe metal oxidic particles mixture was extruded,
dried, calcined and sulphided and subsequently tested as described in Cl. The conversion results are

summarized Iin Table 3. Surprisingly the HDS@gitiityeb pasticu
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used a HDS catalyst. Both said catalyst can easily be prepared using the same Ni-W and Ni-Mo trimetallic

metal oxidic %r&g gl?s@/wrg é%&ég%éﬁértﬂ%%%&% o%l %M'?L%%e the relative amounts required for
achieving the overall composition of the shaped bulk cat st eS|re for the envisaged end use. Table 3.
Results of activity tests Sample composition proc et RWA
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 15

The test results are given in Table 3 wherein RWA is relative weight activity, based on the total

catalyst amount loaded in the reactor.

HDN is hy

drodenitrogenation and HDS is

hydrodesulphurisation. CBD means compacted bulk density of the catalyst. R3 indicates the



RWA RWA RWA extrudates HDS1 HDS2 HDN1 HDN2 Cl Ni1.5M00.5W0.5 R3 D1 100 100 100

solid-solid reaction process wherein both the first and second metal compounds are at least

partly solid during the reaction.

Comparative Experiment 1 (C1: Ni1.5M00.5W0.5 R3)

115.2 g of MoO3 (0.8 mole Mo, ex. Aldrich) and 200 g of tungstic acid H2WO4 (0.8 mole W, ex.
Aldrich) 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

resulting solid was dried at 120°C for 16 hours (overnight) and calcined at 300 °C for 1 hour.

The catalyst was sulphided and tested using the procedure from Diesel test procedure 1 and the

conversion results are summarized in Table 3.

Comparative Experiment 2 (C2: Ni1.5W0.5Mo00.5 made from unreacted oxides)

A catalyst was prepared by wet mixing of unreacted oxides of Group VIB and Group VIII metal
components: a catalyst was prepared using 185.6 g of WO3 (0.8 mole W, ex. Aldrich), 115.2 g of
MoOj3 (0.8 mole Mo, ex. Aldrich) and 180 g of NiO (2.4 mole Ni, ex. Aldrich). The wet oxide mix
was mixed with 2.5 wt.% of a binder based on the total weight of the catalyst composition. The
metal oxidic particles were extruded, dried, calcined and sulphided and subsequently tested as
described in C1. The conversion results are summarized in Table 3. The poor activity results
show that is essential to react the Group VIB and Group VIII oxidic metal compounds before

combining.

Example 1 (E1: Ni1.5M00.25WO0.75 mixed wet cakes R3 catalyst)

A Ni-W wet filter cake was prepared as described in C1, except that only one Group VIB metal
component tungsten was used: a catalyst was prepared using 400 g of tungstic acid (1.6 mole
W, ex. Aldrich) and 282.4 g of nickel hydroxycarbonate (2.4 mole Ni). The yield was about 99%.



100 C2 Nil1.5M00.5W0.5-made from unreacted oxides comix D1 14 27 33 30 El Ni1.5M00.25W0.75
mixed wet cakes R3 D1 121 86 119 90 E2

Further, a Ni-Mo wet filter cake was prepared as described in C1, except that only one Group
VIB metal component molybdenum was applied: a catalyst was prepared using 230.4 g of
molybdenum trioxide (1.6 mole Mo, ex. Aldrich) and 282.4 g of nickel hydroxycarbonate (2.4
mole Ni). The yield was about 85 %.

The wet Ni-W filter cake prepared as described above was mixed with wet Ni-Mo filter cake as
described above. The amount the respective cakes was adjusted as to obtain the Nito Mo to W
mole ratio of 1.5 to 0.25 to 0.75. (512 g (dry base) of Ni-W cake + 128 g Ni-Mo cake (dry base)).
The metal oxidic particles mixture was extruded, dried, calcined and sulphided and
subsequently tested as described in C1. The conversion results are summarized in Table 3.
Surprisingly the HDS activity, in particular in the first test condition is significantly better than the
trimetallic reference catalyst C1.

Example 2 (E2: Ni1.5M00.5W0.5 mixed wet cakes R3 catalyst)

The catalyst was prepared as in E1 except that the amount of the respective cakes was
adjusted as to obtain the Ni to Mo to W mole ratio of 1.510 0.5 to 0.5 (341.6 g (dry base) of Ni-
W cake + 256 g Ni-Mo cake (dry base)). The metal oxidic particles mixture was extruded, dried,
calcined and sulphided and subsequently tested as described in C1. The conversion results are
summarized in Table 3.

Example 3 (E3: Nil .5M00.75W0.25 mixed wet cakes R3 catalyst)

The catalyst was prepared as in E1 except that the amount of the respective cakes was
adjusted as to obtain the Ni to Mo to W mole ratio of 1.5 to 0.75 to 0.25. [170.4 g (dry base) of
Ni-W cake + 384.8 g Ni-Mo cake (dry base)] The metal oxidic particles mixture was extruded,
dried, calcined and sulphided and subsequently tested as described in C1. The conversion
results are summarized in Table 3.

Example 3 (E3: Ni1.5M00.5W0.5 mixed dried cakes R3 catalyst)

Ni-W filter cake prepared as described in C3 and subsequently dried at 120°C for 16 hours was
mixed with Ni-Mo filter cake prepared as described in C4 and subsequently dried at 120°C for
16 hours. The amount the respective cakes was adjusted as to obtain the Ni to Mo to W mole
ratio of 1.5 t0 0.5 to 0.5. [341.6 g (dry base) of Ni-W cake + 256 g Ni-Mo cake (dry base)] The
metal oxidic particles mixture was extruded, dried, calcined and sulphided and subsequently
tested as described in C1. The conversion results are summarized in Table 3.

* 10



Nil. 5M00.5W0.5 mixed wet cakes R3 D1 118 89 127 100 E3 Ni1.5M00.75W0.25 mixed wet cakes R3 D1
86 86 151 102 E4 Nil1l.5M00.5W0.5 mixed dried cakes R3

Examples E1 to E3 show that a progressively higher HDS1 activity is obtained at increasing it W
to Mo ratio; whereas on the other hand a progressively higher HDN1 activity is obtained at
decreasing W to Mo ratio. A catalyst having more than 50% Mo (more % relative to total of W
and Mo) is preferably used as a HDN catalyst; whereas a catalyst having more than 50% W is
preferably used a HDS catalyst. Both said catalyst can easily be prepared using the same Ni-W
and Ni-Mo trimetallic metal oxidic particles by mixing the first and second oxidic particles in the
relative amounts required for achieving the overall composition of the shaped bulk catalyst

desired for the envisaged end use.

Table 3. Results of activity tests

Sample |composition process |test RWA RWA RWA |RWA
extrudates |HDST HDS2 HDN1 |HDN2

C1 Ni1.5Mo00.5W0.5 R3 D1 100 100 100 100

c2 Ni1.5Mo00.5W0.5-made comix D1 14 27 33 30
from unreacted oxides

E1 Ni1.5Mo00.25W0.75 R3 D1 121 86 119 90
mixed wet cakes

E2 Nil. 5M00.5W0.5 mixed R3 D1 118 89 127 100
wet cakes

E3 Ni1.5MoQ.75W0.25 R3 D1 86 86 151 102
mixed wet cakes

E4 Ni1.5M00.5W0.5 mixed R3 D1 115 87 132 96
dried cakes
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D1 115 87 132 96 The invention claimed is: 1. A process for the preparation of a shaped bulk catalyst
comprising metal oxidic particles having one or more Group VIII metals and two or more Group VIB
metals, which process comprises the steps of: i)providing first metal oxidic particles having one or more
first Group VIII metals and one or more first Group VIB metals; H)providing separately prepared second
metal oxidic particles having one or more second Group VIl metals and one or more second Group VIB
metals, wherein the composition of Group VIB and Group VIII metals in the first and second metal oxidic
particles are' BrfferienidlEssisining the first and second metal oxidic particles to form a bulk catalyst
compositionibeforecasrdimrtitrupmpastiapisics shaday shiagitaly theoconsbioewtit skidisdadicendavietal oxide
particles to ferencihe sbapeddbuik eatalysind2wbhe praeessoascorlingdr ohaith lorveberedmpiesone or more
first Group (B diagials and/or Group VIII metals in the first metal oxidic particles are different from the one

or more second Gfoup Vﬁ%ﬂ&%ﬁﬁ&ﬂ%’ﬁg c%i%ﬁ{’éJBa}{i'é'es'T‘r?at%‘%sg iS‘nEhc‘ier RREORCactal Q@/ﬂd'ceB%rQﬁées- 3. The

process according to claim 2, wherein the first metal oxidic particles comprise molybdenum and the

. |
second metal oxidic partiI8S'BARIEY LR Aeals:

ii) providing separately prepared second metal oxidic particles having one or more
second Group VIII metals and one or more second Group VIB metals, wherein
the composition of Group VIB and Group VIII metals in the first and second metal
oxidic particles are different;

iii) combining the first and second metal oxidic particles to form a bulk catalyst
composition before and/or during shaping, and

iv) shaping the combined first and second metal oxide particles to form the shaped
bulk catalyst.

2. The process according to claim 1, wherein the one or more first Group VIB metals and/or Group VIII
metals in the first metal oxidic particles are different from the one or more second Group VIB

metals and/or Group VIII metals in the second metal oxidic particles.

3. The process according to claim 2, wherein the first metal oxidic particles comprise molybdenum
and the second metal oxidic particles comprise tungsten.

4. The process according to claim 3, wherein the first and second oxidic bulk particles are
combined in such relative amounts that the molybdenum to tungsten mole ratio in the shaped

bulk catalyst composition is between 1:9 and 9:1.

5. The process according to claim 1, wherein the one or more Group VIII metals in the first metal
oxidic particles are the same as the one or more Group VIl metals in the second metal oxidic
particles.

6. The process according to claim 5, wherein the one or more Group VIl metals in both the first and
second metal oxidic particles are the same, and the Group VIB metal in the first oxidic bulk catalyst
is substantially molybdenum and the Group VIB metal in the second oxidic bulk catalyst is

substantially tungsten.

7. The process according to claim 6, wherein the first metal oxidic particles comprise nickel and
molybdenum, and the second metal oxidic particles comprise nickel and tungsten.

8. The process according to claim 6, wherein the one or more Group VIl metals in the first and

second metal oxidic particles is nickel or cobalt.
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4. The process according to claim 3, wherein the first and second oxidic bulk particles are combined in
such relative amounts that the molybdenum to tungsten mole ratio in the shaped bulk catalyst
composition is between 1:9 and 9:1. 5. The process according to claim 1, wherein the one or more Group
VIII metals in the first metal oxidic particles are the same as the one or more Group VIII metals in the
second metal oxidic particles. 6. The process according to claim 5, wherein the one or more Group Vi
metals in both tthe firstesn dseoting trmetéh oxidieparticteshmectheosain@adingstlien@rioe@ WiBwnetal in the
first oxidic bgikupataysiktalsubstamialynaielgbelenum asdithaf@reng it Breetabiia heisesomaeoxidic bulk
catalyst is substantial iIg iR ond GIdiE PEPGESPAGCAENINGJR eldi A whgkein the first metal oxidic
particles comprise nickel and molybdenum, and the second metal oxidic particles comprise nickel and
tungsten. 8. The process according to claim 6, wherein the one or more Group VIII metals in the first and
second metdf oxifc A TRIASTE AR SPEB Bl G HRIHSL SEE CEBIGIRY I SR A SR AETSIn the first
metal oxidicpArHEE G HEWLHr RAGAEY ratib WA BFRAISHAPYAE BrHER QPElF Nifkphétdls, and
wherein the tsegsteTdaodiaticiparictos aymagriseosgkanatialbs.only one Group VIB metal and one or more
Group VIII metals. 10. The process according to claim 9, wherein the first metal oxidic particles comprise
nickel, molybhtledberpensdstuangsteingpartieles] artbtéie bedosichindetedoostididjgdrtisles tangreseotiickel and
tungsten andéerinigkelrand molybdenum oxidic particles. 11. The process according to claim 1, wherein
the first and second oxidic bulk particles are both freshly prepared. 12. The process according to claim 1,
wherein the enehefdieditst aobstaprdcaxidic Dudkepartcles arenprivgideddbotiteciadin ik egeinesated spent

or reject mefal gxidicepaticles A Sl eadaliet w3 hegtbenehitgidiesh aticesensupxidieyrulinparticles is
freshly prepgred; 2.3+ IEQ%rB@r%%%?fn@%‘%%rigH‘&Rrﬁ@é@sﬁre%ﬁ%ﬂa@& first and/or second oxidic bulk

particles are prepared in a process comprising: i) preparing a reaction mixture comprising one or more
first compounds comprising one or more Group VIII metals, and one of more second compounds
comprising Ofe HPHTBPESES GRS iRetR! i tHE Sl &¥niist Y/ praficond i iy i FEELEH § the first and
second compieranetsiwherrsastlaenfirstirand/or second metal compounds remain at least partly in the solid
state during the enfire repefpanngl 4. rédvadpracass aceprding dacckaimols fisthernapo bath dhvepfissigand second

metal compounds are freg fromaitregrp demsa@NshiWhBer FRPRESNG thaxstrRrimainghthe protic
liquid separated from theorggo%?rm&%w?gig’ oF F%%?e%‘erl‘c%‘ o Q%rgﬁgﬁ $ gl[(':é:ording to claim 1, further

comprising calcining the shaped oxidic bulk catalyst at a temperature below 400t. 16. The process for the
manufacture of a biulk catedgtt@duofushgrtd staaml céumphendsommersmtofistormhoreafotitenfettdwing

process steps: i)compositigpafiiadnainhxidic fayticles With Qitudihyiofiene.eomore materials
selected from the group of binder materials, conventional hydroprocessing catalysts, racking compounds,

acidic promgiergnahruiXbes ey erlhsieavfiging AnRf R thg LRMBNIRG AnPKRRIea6tg pEthe metal

Compounds'hitrogen atoms, and further comprising the step of recycling the protic liquid separated from the

reacted metal oxidic particles.

15. The process according to claim 1, further comprising calcining the shaped oxidic bulk

catalyst at a temperature below 400°C.

16. The process for the manufacture of a bulk catalyst according to claim1, further comprising one or
more of the following process steps:

i) compositing of the metal oxidic particles with 0 to 40 wt% of one or more materials
selected from the group of binder materials, conventional hydroprocessing catalysts,
racking compounds, acidic promoters or mixtures thereof before, during or after the
combining and/or reacting of the metal compounds;

ii) spray-drying, (flash) drying, milling, kneading, slurry-mixing, dry or wet mixing, or
combinations thereof;

i) additional shaping steps;
iv) drying and/or thermally treating, and
V) sulphiding.
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H)spray-drying, (flash) drying, milling, kneading, slurry-mixing, dry or wet mixing, or combinations thereof;
Hi)additional shaping steps iv) drying and/or thermally treating, and v) sulphiding. 17. A process for
hydroprocessing of a hydrocarbon feedstock comprising sulfur and nitrogen containing organic
compounds comprising the steps of preparing a shaped, bulk catalyst by: i) providing first metal oxidic
particles having one or more first Group VIII metals and one or more first Group VIB metals; H) providing
separately prepared second metal oxidic particles having one or more second Group VIII metals and one
or more secHnd‘GP&?pSVIBfnﬁ’éﬂéﬂﬁrQﬁﬂ?é'f@erH% exsha QWOW%G% WH’B'%GL@MGDC’WI‘F%@MIS in the
first and secSAE AR QSQCd'fSTJDé’HP&%%OQPé'Sﬂqﬁ&%ﬁF § RERABNFAG TR I FRPAYEd metal oxidic
particles to form a bulk galrlysticompasitian fafase m%ml@rrlﬁgrsmpmgu@mm vgtabapingdlae combined
first and second metadnobad@t@mglé@meldﬂn the sha ed bulk catalyst and contacting the hydrocarbon

feedstock with the shabRIBVEK RRAR g;féSarmégﬁ? é}egb‘? riz‘“’l\Z\/H ere| f‘ﬁé’go 8B catalyst
comprises at least 50@;@% f tﬁpg gggaj, QLR gnprocess of
claim 17 wherein the ahaﬁeﬂhbglih@amlm mnmrms atideasitmlme er&(oammkyctmiﬂywmnﬁsdﬁmlve to the total

of Group VIB metals. before and/or during shaping; and
iv) shaping the combined first and second metal oxide particles to form the shaped bulk

catalyst; and contacting the hydrocarbon feedstock with the shaped bulk catalyst.

18. The process of claim 17 wherein the shaped bulk catalyst comprises at least 50 mole % of tungsten

relative to the total of Group VIB metals.

19. The process of claim 17 wherein the shaped bulk catalyst comprises at least 50 mole % molybdenum

relative to the total of Group VIB metals.
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