HYDROCARBON HYDROPROCESSI NG USI NG BULK CATALYST COMPGCSI TI ON [ 0001] Thi s
application clains the benefit of U S. Provisional Application 61/005, 224
filed Decwolrerd/43172007. TECHNI CAL BACKGROUND OF THE | NVENTIUShHog0028¢ The

i nvention relates to a nethod for hydroprocessing hydrocarbon feedstocks,
sai d process conprising contacting a hydrocarbon feedstock under
hydr opr ocessi ng conditions with a bul k catal yst conposition conprising bulk
metal particles thatHQDROGARBONGAYDROPROOESSWNG USINGobl e netal , at

| east one Group VIB netal and nanoparticles. DESCRI PTION OF THE PRI OR ART

[ 0003] The hydr oprocessi ngBUMLKYGATA: B8 COMBOSIKEONener al | y enconpasses
all processes in which a hydrocarbon feedstock is reacted with hydrogen in

t he prese f a [ 0 it ) ically,
at el evar e, AR aptilcsBBl SRR MEHCHERY OF €R3 PRVEIGRM ABRRcatlort; 70

i ncl udes, 6bprgos, 24 filed Detémfbet 9, 2000cesses such as hydrogenati on,

hydr odesul furi zati on, hydrodenitrogenation, hydrodenetallization,

hydr odear ' i.Qn, hygrai [ WaTal xi ng, hydrocracki ng and
mld hydrﬁ ek bﬁ& Fﬁ%&fﬁiagﬁ&]ééﬁtﬂ%ww@whydr opr ocessi ng

catal ysts are conposed of a carrier (or support) with a Goup VIB netal
conponent [@002]a G Thp i édrtiomrelatobtea mthbd fonpydreproctssingittyehtocdrboron.
Such catal ysts may be prepared by inpregnati ngiwa carrier. with _aqueous

sol ut i ons fesdstagksotaid pregess gempsising omachng a yskpearben fgedsteckowndasr e

drying an%/grrop%gcl:ecslspnagt SNUifoSEWith a bulk catalyst composition comprising bulk

metal particles that comprise at least one Group VIII non-noble metal, at least

one Group VIB metal and nanoparticles.

DESCRIPTION OF THE PRIOR ART

[0003] The hydroprocessing of hydrocarbon feedstocks generally
encompasses all processes in which a hydrocarbon feedstock is reacted with
hydrogen in the presence of a catalyst and under hydroprocessing conditions,
typically, at elevated temperature and elevated pressure. The term
hydroprocessing includes, but is not limited to, processes such as hydrogenation,
hydrodesulfurization, hydrodenitrogénation, hydrodemetallization,
hydrodearomatization, hydroisomerization, hydrodewaxing, hydrocracking and

mild hydrocracking.

[0004] In general, conventional hydroprocessing catalysts are composed of
a carrier (or support) with a Group VIB metal component and a Group VIII non-
noble metal component deposited thereon. Such catalysts may be prepared by
impregnating a carrier with aqueous solutions of compounds of the desired

metals, followed by one or more drying and/or calcination steps.

[0005] Alternative techniques for the preparation of the “supported”
catalysts are described in U.S. Patent No. 4,113,605 — where inter alia nickel

carbonate is reacted with MoOjs to form crystalline nickel molybdate, which is



[ 0005] Al ternative techniques for the preparation of the "supported"

catal ysts are described in U S. Patent No. 4,113,605 - where inter alia

ni ckel cawbaeneie3i’s reacted with Mo03 to form crystalli meTniseéosio13zes ybdat e,
which is subsequently m xed and extruded with alumna - and in Gernan
Patent No. DE 3029266, where nickel carbonate is mxed with W3 and the
resulting conposition is mxed with alum na i npregnated with conpounds such

as ni ckel sutisegaélypntixedandiextrudod gdtiabRmih@ 00fdirsGenhan Patdnt NmUDE of
attention has recently been directed to the provision of catal ysts which

can be app02¥2ptuiwhesamicked garbanate isamired withrWlsrangthegesidtipgl k cat al yst s.
WO 99/ 03578 descri hes a thod. for the preparation of bulk hydroprocessing
cat al yst sCRBREYEON;1H Hé‘xegeﬁ’ﬁ‘:&? §N‘i’@‘nﬁd¥r¥¥’r§%‘f‘&é RifeomrPEnds @'édh%qv'?‘ﬁgglone
Goup VII]. - G oup VIB netals by reacting and

eBRF AE A IR0 > 200 : ’

Co- preci pl nmo enum and tungsten conpounds in the absence
of sul fides. [0007] WO 00/41810 describes a nethod for the preparation of a
hydr opr ocf¥i6lg cadaigsificanhpmiovnhgf atentionchas regenidy been direred tarthe ei n one

G M - bl t d..t ) G VI |
s K S A S N IR
in the S%ouasebakaéa I m?wcafeng@gAr%e@éscﬁ%g Q%étﬂ‘adrf?f;?ﬁél g&ga&fmpéf Biikart

al so di scl'oses producing t oprocessi ng catal convenient form

for use i By@ropysteapin@ceall ElQdﬁmﬁmﬁyccﬁh}aﬁéiﬂg,blﬂﬁﬁnaaﬁﬁﬁﬂe_;ﬁ)‘ti@léﬁrUSi on,
and by conpositing the obtained bulk netal oxide particles with small

quant i t i ebadhgfometGreouprHid monlsoble anctakampiweo GirouprVihnwmtalalby neactiegi | it at e
shaping and_to provide nechanical .strength to a shaped catal yst.
[ 0008] Al t A §-PreEpPHaliRg é‘z‘ﬁrlﬁlﬁpi BE), g fungrier coORpPUDds f‘K&epri or art

have an excel | P processing activity, there exists a continuous need
in the ar%ﬁﬁegcgggg Pﬁjde(r%bvel bul k catal yst conpositions with further

i nproved hydroprocessing activity in particular in hydrodesul furisation

(1-1DS), HWOTI | aWOod4HHEeH) dessgibeanirethoddivg theaprephrationgefrmt i on of _
par L cUl af Lot g T ooy BOD 1 cedotgeke i o fde pleael vAiskivasuep oas ol
more Group VIII non-noble metal and two or more Group VIB metals are
reacted in a protic liquid, wherein the metal compounds are at least partly in the
solute state (i.e., dissolved) during the reaction. The prior art also discloses
producing the hydroprocessing catalyst in a convenient form for use in a
hydroprocessing process by shaping, for example by extrusion, and by
compositing the obtained bulk metal oxide particles with small quantities of
further materials, for example binder material, to facilitate shaping and to

provide mechanical strength to a shaped catalyst.

[0008] Although the bulk catalyst compositions described in the prior art
have an excellent hydroprocessing activity, there exists a continuous need in the
art to develop novel bulk catalyst compositions with further improved
hydroprocessing activity in particular in hydrodesulfurisation (HDS), as well as
hydrodenitrogenation (HDN), and hydrogenation of particular target

hydrocarbon feedstocks, such as diesel and vacuum gas oil (VGO).



[ 0009] For instance, WD 00/41810 describes bul k catal ysts having bul k netal
oxi de particles conprising at |least one Goup VIII netal and at |east 2

G oup VI Bvoev@lw3wirt h varying ratios of Goup VIII to GroupSwoBonesal s. The
exanpl es describe that increasing hydrodesul furisation (HDS) activity is
obt ai ned at increasing nmolar ratios of Goup VIII netal over Goup VIB
netals. This docunent indicates in particular that, for bulk netal

cat al yst S[(009]ng OReér fastiiceYWO 00¢4 b3 1 (rdekcpibes GutlupatylyBtyigdvdhg bulk i s very
difficult to obtain a suitably active catalyst at a Goup VIII to Goup VIB
met al nol metalapiide pattinkesicappririmgtdideass oae GroupeV HI mataland aftleasf Del ow

3%2“?103' %@Er&;é VI soeiils it i m LR e, W1 50 Lrbtin VI Mt BT ey ed
that suc ekﬁhﬁ%s%%étl&ft g%rﬁgﬁggglggf(g@sﬁlmrisétﬁﬂgEﬁﬂ&g%‘éﬁ@&?qglouS or even

necessary ITnh the process o _ on of catalyst,” nay not be
necessaryobRiindtPit ihbtda¥inpane i datios bNGroep A1l metal Wver Grdup MIB fretalbyst

enpl oyed in the hydrotreatnment of a hydrocarbon feedstock. Wiile high G oup
VI to GlhispdoduBnerdtindicatdsan pasticulsr thapefar butk etalwatalystddaving ong al yst

synt hesi s, excessive anounts of & VII| nmetals mto qnly add
unnecessa@o\mi\’g{mm&%ap qr@oéﬁ‘l—?ﬁﬁgﬁdﬁ?t? ilﬂﬁ‘ﬁf‘é}'(ﬁﬁf“t“lm‘aﬁ?%& t he bul k
catal yst conpgsitj.o t i LGl . fided.
Thus, t he?@%ﬁygchggf&gﬁg a? ?r@%ﬁ# g e? ﬁgccﬁ ?9? W%tegaﬁ)}xg@a??ﬁl%gﬂqkful ar for
bul k cat al yst spgeRRhicte N4t Mbtal Bfslhr AR TR a¥blit 1an@ Bla dctapletslpe G oup
VIB netal that can be produced with low Goup VIII to éroup | B nmetal nolar
ratios. SUIK&EN éfystaHEtrudivEdTY aajkdithht’was ndt agive ataalbuFiomat al yst

conposition is provided conprising bulk nmetal oxide particles having (i)

di sper si btheoneticah peintafedewaitiin §eherrdthat sueh ke amountsef Gser VilHm upon
bei ng di spersed..in | i qui.d ii) at | east one oup VI - t al
conpound, ﬁ%ﬁﬁ%’ th?"}gqﬁ?é‘%éﬁggeogﬁé}r@v(%ﬁeﬁ?ﬁaﬁé{% ¢ Jﬁﬁgﬁnﬁtﬂggr%é}lf]ﬁggea
process f ' | oPRbORIIRAA eSS, HOMRMHCEVEY the steps
of conbi nf}ir‘]gfélrﬁaqgl ?gg%ﬁgﬁt l?néjétgcuérggél?f ?pd?gpe%‘i& blee a:rgnopart iccl es having a
di mensi onsuifided tmlk batalysh ewripldyedrintherhyakrotrgatthen of addydrocarhohi qui d, (i)
at | east one Group VIII1 non-noble netal coqﬁound, (iii) at least one G oup

VI B net al fesdstasindWhilsdigh Group pfldl taGrowp VAB metal melat ratipsiappear tq Bast one
G VI - nabl t al d and the at, | east VLB net al
conpound. Upaoh apRe SaEbed syRTERR. PRessy ectpe s o GropB bRt st o1

( ' . .
Cond. . Cly Shivad Gitfdectay LR Md lo RANCEOR: St per IPRUIER ofth@ BT O
conpoundsbulk @atilyet tempositiod oned the bubdaiety dxide partictesard satodedd Thus,

suspensi ons together, wherein at |east one of the first or second

suspensi othere impdesies taifingd dighas astivitataly ste iepattigplaror bulkweatalysts of | ess
t han about 11..1m upon bei di sed in a ligud. referabl at

| east a pbPYPHSIS attqﬁ%str?éﬁ‘? ’éﬂ‘iﬂsgmgnasatil??éf BagﬁrPHPW quilttﬁgﬁ%%ﬁh%i on of
the G oup I m ; 8 FaRioe, at least a
portion oPﬁwgeﬁgﬁ%%%ﬁ@?ngl nc gg@y%ﬁfgteﬁlﬁé@ susps,ensi on t hat
conprises at |east one of nickel carbonate, nickel hydroxy-carbonate,
cobal t caBSEBMMARMNOF-THE INNENBEINcar bonat e. [0012] I n one enbodi nent, the
Goup VIB or VIIl netal conpound is prepared by precipitation in the
presence gjoig)e nameafcﬁhglé/?a-bdﬂz ehalyh ¥ mpsilc isprpdiddcomsaiAgnat e and
cobalt (hydroxy-) carbonaté are prepdred by precipitation in the presence
of nanopabulkcinetal oxidd particles ldvisgy (if) iéspecsibleayanuipastices hividg3] Thi s process

can al so be used tq nmake bul k netal oxide particles o
“dimension of less than about 1um upon being dispersed 1n a liquid, (ii) at least

one Group VIII non-noble metal compound, and (iii) at least one Group VIB
metal compound; as well as a process for preparing such bulk metal oxide
particles comprising the steps of combining in a reaction mixture (i) dispersible

nanoparticles having a dimension of less than about 1pm upon being dispersed



conprising at |east one Goup VIII non-noble netal conmpound and at | east
two G oup VIB netal conpounds. [0014] I n anot her enbodi ment of the process
accor di ngvoaoagsimnventi on, the reaction m xture furthePCTarspeossersa G oup
V nmetal conpound, preferably a niobium conpound. The G oup V netal has been
found to pronote, even when present in relatively | ow amounts, the
formation of an active catalyst especially in critical conposition ranges,

for exanpligadiqui®WiiPae lyasi/bhé GrouVIIPnofi-Roblenetal wohgyounal, (idi) al heast er m
"active catal yst" neans a catal yst having a high HDS and/or  HDN activity.

[ 0015] Thi onéfwenpidIB metall unpourd;tand (1) apmiicdiquidapyd reassimgdbe ef on
conpri sing bul k t al | de catal yst particles c rigi ng at |l east e
Goup i1 FeasbADsooap A hpon ot stalspmrs g Hermaedst ang Grovpey B o) e
nanopart i %qul .&Qn di rension of |less than about | gm upon being

di spersed’in a .1& , obtainable by the process according to the
invention. Further, in accordance with another aspect of_ the inventian

there i s [9&ld]lded Theyrrcesstpreferablynopeprisesotn)quapating AdirBususpastian ofxi de

tal yst ticl whi t | t G VLI L. - nobl t al

and a1 cdbleastRneoBaps VIE o200 el EPBRPLOR 11 ARIOLE HOBl B et al 5

ti .0 H id y

o tho. t oPPAER, SR sidohsich bP a2 R o crallh VI L CoRh RS ik oS
present i préfieliquidaiiic)addingarrRst ah@edond fispendishslicpesiar whendhar t heir

sulfidic State, 'and fromabout 0.5 w.%to about 15 wt. % (based of the
total wei dgast ohe phthefitst omscadndsispensiansicomprisas tispersiblegfanopatisdes i cl es.

The invention further ;relates to sul fided byl k cat al yst, .obt ai ngbl e by
sul fi di ngﬁiﬁmgaﬂ)év’éerbﬁé%ﬂféa t%%n gb@&twwypoeg%%at%ﬁeédﬂﬁrlﬂ%‘# g bul k
met al oxi i T | ON
[0016] It Mg&@%rgké@ %ldgg{ H?g{ fgog!%étgﬁgraysﬁ @o%o@?%ﬁgggnngwgﬁg bul k
netal par %h@ﬁi&{@ﬂ%@kéﬁ? VHThioRL Rsble skt EesthpHend. Mok tsreférabBnae of

di spersi bl e 'nanoparticles having a dinension of less than 1 gmin its

di sper sed ledsah @ortidn b tet namepa@iclep isvincludedninrofitst snspenisiaothabund wi t h at

| east one Goup VIB netal conpound in a reactjon mxture with rotic
li qui d hagempaisgs atileast erfeatl Birke! €§PPE%t60ﬂk‘ﬁiﬁbhﬁ‘é"loéb’gfsacrgo’é@ﬁp?(?@q%g bul k

metal partigles, prepare i thout 1 noparticles. For exanple, it was
f ound thatca'glﬂnl?“ﬁ%‘f(gfo%agfm M’%’Eg%é}gd wi th nanoparticles having a
di mension of less than 1 gmin their dispersed state provide catal ysts
havi ng a §0Q12]f i cailm bne keijroedimient) the Group MIyon¥illunetal chmpound isane

cat al yst prepar wi t hout .such  nanopartigles in the reaction m xture.
Fur thor . PRROATES Py AICHPRTIGN d0 the BreaDics OLAbe Jengapmtichis Prefoehlys kel e i s
formed in I QOiNf | i i t he
nanopart i éﬁ%@l{oggi)edr?(%g&ﬁz%%v%ﬁg%:?hgft\&wﬁi%txgb%&({hgn%%r%? %f}ﬁﬁ%P r ratios.
precipitation in the presence of nanoparticles, preferably of synthetic clay

mineral.

[0013] This process can also be used to make bulk metal oxide particles
comprising at least one Group VIII non-noble metal compound and at least two

Group VIB metal compounds.

[0014] In another embodiment of the process according to the invention, the
reaction mixture further comprises a Group V metal compound, preferably a
niobium compound. The Group V metal has been found to promote, even when
present in relatively low amounts, the formation of an active catalyst especially

in critical composition ranges, for example at low Group VIII to Group VIB



[ 0017] The various enbodinents relating to these findings are descri bed
below in further detail. COMPOUNDS AND MATERI ALS (I) Nanoparticles

[ 0018] Si rwe 20év78i79ed net al oxi de/ sul fide particl es forrea/usacosog28he

catal yst preparation process can al so be nanoparticles, the term
nanoparticles as used herein does not refer to netal oxide nanoparticles
that may formduring the catal yst synthesis process, but to other

nanoparti edetsl meldriratiat dihe tegdedctive thalystanidaas ardaxilystchavirgl athiglsynt hesi ze
the m xed netal oxide particles. In a preferred enbodi nent, the

nanopar t i t1[2S andéor a¢tnagbal nanoparticles, preferably synthetic clay

m neral nanoparticles, having a dinension of |ess than about Igm More

pr ef er abl e na LG8S (%{;,sg ' A eom ‘apee coordi nate
space, fIl?oefség thagﬁa 8&?ﬁ§§ﬁiﬂ]§%§rﬁég% y I)IeIIskrsI@dtIﬁIZﬁrI %%%IB %Ihﬂbfﬁmre

pr ef er abl yolpeisirigdbnlk2hetah oxidechtalysnpanictesprorhprising yat lesss ohé &rop0 nm The
nanoparticles preferably have a smallest dinmension, in three coordinate
space, of VIBseon-nahlexseint atdeastongibroupc¥IB mhetal and dispersils nore pref erabl y

I t han 5 .and .ef bly. I t 1 A _nar tjcle'
i mensi on@ARAFAHEIES LR TG A aUPBYN PR TRIShES ebai L o bHpR I TRred ©' ¢ °

equi val en ' el iengdht eniently,
at | east ng?V\;qIﬁ %%sﬂgéliﬁ\églsé%h%g%@? E?O@wog(&)ﬁgftbt éeIl nangggl'r tFIn(p:tI-lgfs?r?IYlave a

| argest dap@idaade With #fothéthapesbetthe inventidiDdRid s mddidddombulk etrblysi tions
descri bed above, the term "nanoparticles" as used herein enconpasses

par ti cl escofmpasiticshepeptisingripliapretabexide eathlysspairdeles avhich gempaish ati ncl ude
spheri cal

pol yhedr al nofib and di sc-Ii ke nanoparticles. . WO
3000/ 0731 leACee E700R NILED 60 OB BN a4t ORE GTaNBRA TRdtel S0ded i n t he

present i [ i Flagj %II%III | y

m nerals, @I/rﬁgb \@ZI]Q%(?(%‘%I)@% \éﬂ%@{eﬂlgge%%%gﬁ%e ffrg es (%IIIen |'2%pIadr:%Ig(I in the
protic |i quiswehs tdatcilednsi Midey) dfiheé edtall Weizhip of siebulk ddtallysor quasi -f 1 at
surface during the reaction of the nmetal conpounds which formthe bul k

met al oxi dempasition, ¢se mivtals bpingf preagntyindhabulk eatakyist compositionan theiovi de
disc-1ike particles having a suyrface ar greater than _about 250 nP/g, nost
pr ef er abl Pxitiestae a’@‘l’@?ﬁﬂé@bﬁlﬂlf @SWE?’&ngffémﬂé’iIotuégé‘."t- népaboulyl W Mher al s

i ncl ude synthetic 2: 1.t I I ' yered silicic
e R i KPS AT D By o AU Bhife g o0 o1
group conﬁhﬁépdiﬁc&fs. THE iiRInitfonCludther Plated 2o ATREFHEE AN tNlysl Sy@iRMbISi | i cic
acids, kaolinite, laponite, halloysite and m xtures thereof [0021] Synthetic
2: 1 typesbglsajfidiagithabbevé desdribeldunilkratahystitompaositéont camprising bulk

metal oxide catalyst particles.

DETAILED DESCRIPTION OF THE INVENTION

[0016] It has been found that a bulk catalyst composition comprising bulk
metal particles prepared by combining and reacting, in the presence of
dispersible nanoparticles having a dimension of less than 1 pm in its dispersed
state, at least one Group VIII non-noble metal compound with at least one Group
VIB metal compound in a reaction mixture with a protic liquid have many
advantages over corresponding catalysts comprising bulk metal pérticles
prepared without the nanoparticles. For example, it was found that bulk metal
catalysts prepared with nanoparticles having a dimension of less than 1 pm in
their dispersed state provide catalysts having a significantly higher

hydroprocessing activity than the same catalyst prepared without such



such as fluorohectorite, laponite and fluorom cas - include those of the
snectite famly with the crystal structure consisting of nanoneter thick
sheet s ofwel2aewatBuym (Al ) oct ahedra sandwi ched between t WwOTAiISRé0SOM28SI )
tetrahedron sheets. These three-sheet |ayers are stacked with a van de
Waal s gap between the layers. |sonorphic substitution of Al wth nmagnesi um
(Myg), iron (Fe) or lithium(Li) in the octahedra sheets and / or Si with Al
in the tehanddtiolrsdheks eagtivhsnpaate. Forther, shedesitad/kighty actres aletalnegat i ve
charge which is counterbal anced by exchangeable netal catjions in the

i nt er | ayepxidsdvuk particlgstrystirais fomed ina signifiqaosly, shogter Haneythanyin the

[ 0022] Synthetic |ayered sil.icic acids sujtabl or Anclusion in this

i nvent i Ona_seg{gglpf%e Q%‘é‘?ﬁqlﬁfesnﬁ@’c ?ttsl&w GE?%iQ’IIiI(,IQt ro ugygir?%ta!;\ﬂ’d’lyenyai te
- are cl ayéﬁi(;shat consist mainly of silicon tetrahedron sheets with

di fferent Tayér thickness. They exhibit simlar intercalation chemstry to
the aforenmentioned snectites; furthernore, as they possess high _purity and

st ruct ur al0®dper t Ths vapigus gmbasomsnisstating tottheschindinggaee descritegys . "t hi s
facilitates, thei se jn.conbination with said snectites. WO

2009/ 07315?%1'71@@55/"81@;89 [0023] The intercal ation chenistry of both the
synthetic snectite clays and the synthetic |ayered silicic acids all ows

them t o b€EGNMEPOUNDSY ANDI MADERDADS conpatible with the further netal
conpounds of the bulk catal yst composition. [0024] Synthetic 2:1 type clays

and | aye\rAﬁg Si ﬂai éi [0 1ai:ei ds are typically avail able commercially as powders.
These po r d other clays are preferably exfoliated and/or

del ami nated into disc-1ike nanoparticles before use in the process

accor di ng[@@l8he i SinsettheomixPdehetahbkidefsuliidé partizies fodmedtdusingitheper si on of
the powders in a |iquid, geferabl ter, for .a Sﬁffici ent | I,oPg geriod
of tine t6@RIsbPrepasaterPEICcesramplsahe nanopagticles. thg ierpnAgpeRarticles

Wt hout w shi 0 e 1.l ' FSC- L

nanopart | PRk itel 0GR 8 Terdb ahPEP pYjacinebRIERts b Bl Achf dinfe the.
process: tatafysWeynthBsis Proédis, POV@Sthet ﬂarfdifaﬁﬂi@lggﬂ_@m@élﬁ&lﬁaﬂﬂb@ ket acks,
each stack be€i ng anal ogous to a colum of coins with each coin being a

| ayer of rdaetiohagixstureucsedrte;synthesifiethe msixod nodtabaxide pggtiedgsitlach st acks i nto
i ndi vi dual particle stacks ("secondar part{ cles"); i1ii) hydration of

i nt er cal aPEdeEsdicohadimentthe nanepartisles ae claymineysl nangpagicles, i nt o

i ndi vi dual rtihcles, (prinmar e e [10 ty.] 0 b t hat
both the- REHEAY sERPERE AT AR Mforibudips JERutp it BerB Pt fin, e
primary papéuecl i, Mijte li’ﬁef%%lﬂ??ﬂfe‘ rﬁr@%aﬂidlé"ﬂ_ Ravd£14¥BédtidithefbionD irf three
invention. The primary particles of these disc-shapeéd clay mnerals are
gener al | y cobaliratt spaces dfligssahhhiabboeksmy preferably tasmtldmH®0 Gnd, moxt about 1.5
nm a lateral dinmension of |ess than about 100 nm_ an aspect ratio of about
100 to abpraferabholessdhan 250 am, andLyegrmarepreferahlylsssthapsdpmy Theyvever

i i desi bl e..i h i i . cl whi gh i ded
L o e nhitattbles breteRi iy e g RIS Qb PndtBS Bl S0 ot BF oY °°
whi ch arel&?@éﬂm%%hﬁﬁﬂfﬁ%a@ Jeéd MR 1 618, EFHPNRe hEETET P Iss3hsn 0 about

1000 n2/ g, a erel onstituent) primary particles have a thickness

of about #AnnrIndavenanbdrt prefdrabiyniessthan bhml. eAnanbpartaderstdih@fisions [c@A26] As

such, it is preferred in the Er esent invention that the nanoparticles
be determined by TEM, light scattering methods, or equivalent methods known

in the art, as described hereafter. Conveniently, at least 50 wt.%, such as at least

70 wt.% of the nanoparticles have a largest dimension of less than about 1pm.

[0019] In addition to definitions described above, the term “nanoparticles”
as used herein encompasses particles of any shape having appropriate
dimensions and, as such, include spherical, polyhedral, nanofiber and disc-like

nanoparticles.



conprise a synthetic clay of the snectite famly. Mre preferably, the
nanoparticles conprise greater than about 70 w.% preferably greater than
about 90 w0.2999/d73170ni t e, based on the total weight of tReTns2@pAII2BE] €S.
Most preferably, the nanoparticles consist essentially of |aponite.

[ 0027] The clay m neral nanoparticles may al so be prepared as organocl ays.
Organocl ays are manufactured by nodifying clay with quaternary am nes, a

type of surfactant that contains a nitrogen_ion. The njtrogen end of the

quat er nar yJ0820he, Prefenghiydhannnepastiglesiused dn thg peasgntmyention aghela¥an be

I on-exchanged f.or sodiumor.cal cium The am nes_.used typi.cal.l e of the
| ong chai FAEEAS\ORE P?ngﬂFa %mntbg‘u? SIaé’b‘BlﬂerEa:@’ gﬁ’?ﬁ%pﬁ)‘é}ﬁ’g .dl¥?ﬁ%e certain
m ni num p | o 1; i t ed

W th't neogeopaRfes ek Bitdetectifithe fhfid Liglid SOkl g et R e
clay can hresemda fiut@rn@abi-Nacsur@odrRr{H MRS AMNDF HETIBtaAcSnipouads The

process for the preparation of bulk catal ﬁts according to the invention
conbi nes iwhighfermtthe hulk metal®xide parichesoMerel prglerablyrelay miserals omidishand

ticl , dr. th ls int th i cl .
The.pr ot | GaNHaY el Bl AP bRUN Lt PGRHIrEh EGU0S WA ADRDCETGRL ot -
th ti G0NDG 1 i ' .
nanopart i oS PRy dRbdter ARARARS 56'm’ DRar CUPRRIRE e clafininerals) ¢ sucn

as net hanghelugk Rgndletion: Ifitﬁeuélﬁ?_s hh@mafiral Mie§pithede Myetédsiliciivadids.ar e

m xtures of water and other protic |iquids, such as m xtures of an al cohol
and wat er , Themhropatticdepaxef prefirdblyr otlay mimpualselected from gheogroup] 0029] 1t wi l |
be evident that, different, protic,liquids can he applied, simltaneously in
the proce$ongistipgiod Sb’ﬂg’@ﬁpi%s ﬁ&heisﬁﬁc&lﬁﬁ;&m! Y layersdssiligicacids, add a

suspensi o . . i aqueous sol ution of another
net al con%@%ﬁ&ﬁe1nﬁ%§%ﬁ§q@g)&gﬂegﬂ%%gﬁ%ﬂ%%%%ﬁﬁg can be used which dissol ves
inits own water of crystallization. The water of crystallization serves as
protic |i 0021} n t Bynthetine?:1 typeclags ouaiz foringd200sim tigg evention —

such as fluorohectorite, laponite and fluoromicas — include those of the smectite

family with the crystal structure consisting of nanometer thick sheets of
aluminium (Al) octahedra sandwiched between two silicon (Si) tetrahedron
sheets. These three-sheet layers are stacked with a van de Waals gap between the
layers. Isomorphic substitution of Al with magnesium (Mg), iron (Fe) or lithium
(Li) in the octahedra sheets and / or Si with Al in the tetrahedron sheets gives
each three sheet layer an overall negative charge which is counterbalanced by
exchangeable metal cations in the interlayer space such as sodium (Na), calcium

(Ca), Mg, Fe and Li.

[0022] Synthetic layered silicic acids suitable for inclusion in this invention
— such as kanemite, makatite, octasilicate, magadite and kenyaite - are clays that
consist mainly of silicon tetrahedron sheets with different layer thickness. They
exhibit similar intercalation chemistry to the aforementioned smectites;
furthermore, as they possess high purity and structural properties that are
complimentary to these smectite clays, this facilitates their use in combination

with said smectites.



[ 0030] At | east one Group VIII non-noble netal conpound and at | east one

G oup VIB netal conpound are used in the process of the invention. Suitable
G oup VI Bvoeb@/w3imncl ude chrom um nol ybdenum tungst enpPCOruSaoogions2es
thereof, with a conbination of nolybdenum and tungsten bei ng nost

preferred. Suitable Goup VIII non-noble netals include iron, cobalt,

ni ckel, or m xtures thereof, preferably cobalt and/or nickel. Preferably, a
combi nat i qoom%] et gtheCiptdosRGSN CheRisEy 0 beth Hr'syntheticdectietlaysngst en;

ii) nickel and nol ybdenum iii) nickel, nolybdenum and tungsten; iv)
cobal t andhe¢ symthetialayered sidic acidd alhthslihemJﬁqba/memistVtmotgﬂejﬂttQMm and
tungsten; or vij) nickel, cobalt, nolybdenuymand tungsten is used.in the
process ofcompaty Q/&ﬂ&l &\?.f‘-‘f@‘GB!}}Qtﬁl @%P@%r@%r‘éﬁp@ﬁ’b‘hjﬁgﬂté st cMpPEgitIcn, g
cobalt make up at | east about 50 wt. % nore preferably at |east about 70
w. % stifo024pre Pyekiestabi §pelckastandblayéredGildic adidy arehgpicallal of G oup
VI non-nobl e netal conpounds, calcul ated as oxides. It is even nore

pr ef er r ed availablescoBrmepcisily las pordeod | Ehase pawdeo mpinarads and othericlays are

essentially of nickel and/or  copalt, [0032]In apother preferred enbodi nment,
nol ybdenurﬁrﬁt%ﬂa@éi ‘P]é?e @Bfiggéﬁﬁangina[tggg%t!)éfgguﬂﬁggaw_ar&gfeﬁ[pe O‘i?r‘éslee(r) abl y
the total RePitiet posdrafly (o EnGRIGH PrpRntiFnt e hrfRR B 1 QL
nor e pr ef gfigmdsibAlofithe peivaiers i Bliqaid preferatly WatkR f@ﬂ&%hﬁﬁci@ﬁ%f%ﬂ@' ly of a
m xture of nol ybdenum and tungsten. [0033] The nolar ratio of oup VIB

metal to @epiod ofitirne toexfulidte amdicaldelapplateihto dischkk@nanepatiolest he

i nvention generally ranges fromabout 10;1 to about _1:1Q and preferably
ranges froWithestivishing to bahswnd bystheons the fermatian of ilﬁ% He RATOPaFtsles G oup

more ¢ han T8 CREeRNGlers s AR R i BT e Rl O T yR B ol
tungsten gpe pHsRreR fOrRa e Batdl flcle SRR KIDEANALAKhéNB IR RIt8 ati o

preferably [ies in the range of about 9:1 to about 1:19, nore preferably
about 3: 1 doturah@ftcoinsOwithmesichwodd beimlgl a/laybpof thk: dlay strabtune; i1} dispgBis8Y] | n
anot her enbodi ment, the bul k catal yst according to the invention couprises

a Group Vofsay aggregated skacksintspindiyidpplepastigle sfacks{eyeaanslapy particles™)s s
t in.. t r.angi f .abaut 0..1.t0 about 10 % (r.el ati t
Fhe tot al 17 Ry R GRe el R b Stb BEBiks AR R St U ot
9 nole % iﬂWﬁdWiﬁﬁ@gﬁﬂi}ﬂefsr(@ i ?%”paﬁiclest’z. about 8, even nore preferably
0 ut 7, and nos b

fromabout 0.1 to a preferably fromabout 0.1 to about 5
nole % The Goup V netal has been found to pronote, . even V\/{1 esent in
f

rel ativel JOPBS arodhisdo heroted thalthash the nap-agersaated indiyigy gtgﬁ'g{i ally in

met al ol AsSRaget) PRy 88 b b RTRASiRks R pE ARt es MRPHR: 1 i <
par ti cul anhyuflhgbPHiStnyiRich. MR pthafy paticestl (ReuisVishhpa® LRty over O oup

VIB netal 1s befow about 1.5:1, even rore preferred when it is bel ow about
1.4:1, abaninetal8aie generallychhedcterizedohyt a thizkdessRPanginguireml abomt €f Eandd
catal ysts according to invention conprise Goup VIII nmetals Co, NI, or a

m xture ofaboyt dont 2 lataeel dimgpsionpinssuthanabonp 10Q pm, af aspgeleradio o and M,
pref et abl ol Yobio SRSttt iRl ARA st Bl BboMt 2P, 2 &, o
total of thew&QuR iYuBsitBIR!if th¥prisehindehtiBR {6 Lse 8fa§s SHACRTAR Be

provided as - or delaminated / exfoliated into — primary and secondary particles

which are characterized by a surface area ranging from about 350 to about 1000

m?/g, and wherein the (constituent) primary particles have a thickness of about 1

nm, and a lateral dimension of less than about 100 nm.

[0026] As such, it is preferred in the present invention that the nanoparticles

comprise a synthetic clay of the smectite family. More preferably, the



as oxides) of a Goup V netal, preferably niobium and about 0.5 to about 5
w% (relative to the total weight of the bulk netal oxide particle) of a
synt het i cwoap@al7ay’; wherein the Goup VIII, Goup VIB ardT@ESews/ 0328t al s
format | east about 95 wt % (based on oxides) of the total of the netal
conpounds in the bulk catalyst particles and at |east about 50 wt %
preferably at |east about 70 wt % relative to the total weight of the bulk

catal yst ¢@ iclearconhPasbgicatdriRa abdtC7 0 Wa 96 orieferablyegreated ehaphbduit! i ty
of the Group VIII non- noble netal conpounds and G oup VIB netal conpounds

whi ch ar e 98twt.%g dapquute, bps¢chon ke tntali weight o thmanapartideprMosts of t he

i nvention getner II%ei S Iess.tlhan about 0. (i)5 r¥011/ 100 M water at 18C. This
may be comF¢isEably, themanppartiglehcansishsssentipllyrotlapoRits-oct ed conpounds of ,
for exanple, GB 1 282 950. [0036]If the protic liquid is water, suitable

G oup VI 1[0027]- nobiTheratay migerad aundparticlesimay alsatbd m@phragoast drnganoclahpe sol i d
state during the process of the invention conprise Goup VIII non-noble

met al comS¥ngadechays Areamiapufastungdiblyi mpdifiiingaeley witle quatsraary ramiags, aWy#eat es,
car bonat es, hégr oxxé-car bonat es, . ha/dr 0Xi di.s, phosphat es hoszﬁhi des,

sul fi des, OAISHHRRIRNEthat cENALS;R BUtrogeR98: Ihe Jitragenend gF the QUAIPHATY her eof

Preferabl y,.GL oyg h\ﬂgh(l.r)?l{m@' aplsepdg?ﬁ%lgfcc?l%ﬂ?gﬁd h 68 igflfex%}lallﬁfr‘]o&pa” 'y

in the solTd & ate ng "the’ process NVeNt1 on conpri Se; nor e
pr ef er abl ¥ogiims bf caRAFANThalahYined use gl arevthRO #dSchain type with

hydr oxy- car bonat es, hydroxi des, phosphates, nolybdates, tungstates, oxides,
or m xt ur ésom laboebl? tavabouthlicarbpn ademenHtaccertain miaimunepersentagag nost

preferred. Generally,_ the | ar ratio, between the hydroxy. groups and the
car bonate%}?lﬁﬁﬁx al’ﬁ“‘t%t}ﬁyg? Hs@yclem%fﬁawwaé%fi wiath these ﬁ%(j'gesﬁlt 18Yt 0 about
4, preferghly f ¢ : f .y | Y .and nost
pr ef er abl ?3#161%% gl?ggqp hg)b T@ﬁg’ﬂ tzlaltz)cgllj{g? %ggﬁﬁ{s@gg%?]]a¥ ctahgigprg(%{l?g?é)‘a%&}@ lcf'ls

wat er, suitable nickel and cobalt conpounds which are at |east partly in
the sol i d GTHER dOMRE D $HANR I RIEL.Snvention conprise slightly

sol ubl e nickel or cobalt or m xed nickel -cobalt conpounds such as oxal at es,
citrates, 1 nat - i

nol ybdat eé,ﬁbzpﬂ'osphgt%gs},ﬁ Ggﬁg;%h%eg%gﬁ#ﬁﬁd‘ﬁmg}%@%? 'e&ggérglﬁ g(zt;heor

m xtures G Fmebmesh W reidtfonmintkiare oithcopeotic kguidpretalavimppoars, and

more preferably consists essentially, of oxalates, citrates, carbonates,
hydr oxycarbdmanepartiojes; ard deacts thsl mibteds insthepresgriesgtafshe ngngpardiclss, oxi des,

i Xt t her.eqgf, .with, ni ckel bagl t hyd - b , ni ckel
andl or - CoRPTRYARSESD F aRaPrafa i Bah dedy SOl aE MR e s
th f belng: di gl j th
nyar oy o SURSTaNY (B FER! EnodE 6 hk disgRFyiR Tt PR, "

ni ckel - colpamplis imvtyde dakanad®okyBE atids! Hed AROBO1sFuch dsanédhandl, 4,
preferably O to about 2, nore preferably O to about 1 and nost preferably

about 0. 1ethmnaboumignges thercalh| Breferoed protisoliquids whé ntixtawres af waterandpart | y
inthe solid state. are . iro II).citratg, iro argonate, ydr oxycar bonat e,
hydr oxi de Othd¥pHS 1 1GuIds, SUch, a3 mixres p %’,‘alﬁﬂlﬂ& ang, walert, afif @dMPHer eof , wit h
iron(ll) ci i . , r oxy- car bonat e, hydroxi de, phosphate,
oxi de, Or%ﬁf&%@gﬂo{iﬁ@y@@??ﬁ%&% ag?%%er red. [0038]I1f the protic liquid is

water, suitable |ow water-solubility Goup VIB | )
[0029] It will be evident that different protic liquids can be applied

simultaneously in the process of this invention. For instance, it is possible to add
a suspension of a metal compound in ethanol to an aqueous solution of another
metal compound. In some cases, a metal compound can be used which dissolves
in its own water of crystallization. The water of crystallization serves as protic

liquid in this case.



met al conmpounds which are thus at least partly in the solid state during
contacting include di- and trioxides, carbides, nitrides, alumniumsalts,
aci ds, suwDi2d@78r77m xtures thereof OF this group, it i ®Cpristesnestse hat the
G oup VIB netal conpounds consist essentially of, di- and trioxides, acids
or m xtures thereof. [0039] Suitable nolybdenum conpounds which are at |east
partly in the solid state during the process of the invention conprise

wat er - i nsq00B0E nolAfidastionecGrpguVdH ronshobls metay bormponndiandan dedst bpei de,
nol ybdenum sul fide, nolybdenum carbi de, nolybdenum nitride, alum nium

mol ybdat e, mpy‘ﬁbﬁi énet@l eempeund ane pserliodhy procass of dee W@@ﬁﬁ&nﬁwwst e, or

d d bd nd de b
ot of o r od O] m%t?tsyncﬁt?t%%t?@l%ﬁﬁ@ifﬁ&%n@“&ﬂaéew DRk Tenst
partly in tfx@%o?%itﬂ aXlothBindtbh Jﬁ@@bﬁénﬁ&ﬁ%&hn c%f‘PFéféﬁ%Hse

SucC a I- an

wat er -i nso I'€ tungsten conpounds s tung ten rioxide

tungst en SilifableGri\z VAlniEabble megts aitledy irofecotalt, hdckelngrsmixtuessi d
(HZW)NHZOL tungsten nitride, alumniumtungstate (also neta- or
€

pol yt ungstthenspf, prefasab mqmtbtsf;mbﬁ@m@kclaﬂ’eefem lm g combénatisr ebmetali t h
ort ho-tungst cacdandt n en. di nd ,trioxi de. ferre
0043 A T o 88 Shethmickel g thn g A DRicR ey Rid it deougn.

be prepar qg%m’cke %o ‘3@1%&‘1 gﬁé?&#&tél@tlbg Cﬁdlpaﬂcﬁﬁdﬁ%gérﬁ pﬁ{% and

hydr oxycarbonate *can be prep om’a

nitrate sghylybasnim; ¥dctalemclpbdaiich 2l ampyitn; of vﬁ?ﬁidﬂ@l Ccftibla{tnat e It is
generally known to fthe skilled person to choose the preC|p|tat|on

condi t i ongnolybdentmaandstpngstends ub¢dimtherprodessi ofdlienovgtisinogy and texture of
the resultant precipitate, and nore particularly to control the particle

size (surf rea fork EFTH& H’rgtt unds
whi ch nai P)ﬁ/ nt al)IH% g&r ?&'bB aﬁgf%f%’%&te%gtﬁ ﬁ{aqéeu zalr%éStgd(rEe%P grred
because ttmfwa.r% hﬁﬁéﬁﬁ'@féfdb’@m&iast @bdﬁtaoenw%pﬁtmmoregre&nawlalt lea0- nobl e
nmet al carbonates and droxy-carbonate are preferred netal conpounds to be

added at |abaut 9partt nyof ﬂmettmealsﬁl(ﬁwupt‘dllé nbaemtdemﬁtehcwapbumm,e or

hydr oxy-c onate is applied, CQ2 evolv |veI an uences t he pH
of the re&@ﬁi% ¢ aﬁtoeﬂ S. IS FYEn MK B E”Fﬂg‘)’g&eb(é élf(iSrned into
G2 and d?ﬁétago @Bﬂ ?? an&E@éss}é@&&l? t@fhﬁ léﬁd/b?cﬁ’ﬁ’ﬁ?' b' € to recycle the

wast e wat er 'S necessary to renove undesired
anions fromthe resul ting bul k netal oxi de particles. [0043] Preferred G oup

VI 11 non- {0882 net dn avethes preferied aabedimemt, molyslenum and tungsten
represent at least about 50 wt. %, more preferably at least about 70 wt. %, still

more preferably at least about 90 wt. % of the total of Group VIB metal
compounds, calculated as trioxides. It is even more preferred for the Group VIB
metal compound to consist essentially of a mixture of molybdenum and

tungsten.

[0033] The molar ratio of Group VIB metal to Group VIII non-noble metals
applied in the process of the invention generally ranges from about 10:1 to about
1:10 and preferably ranges from about 3:1 to about 1:3. The molar ratio of the
different Group VIB metals to one another generally is not critical. The same
holds when more than one Group VIII non-noble metal is applied. When
molybdenum and tungsten are used as Group VIB metals, the

molybdenum:tungsten molar ratio preferably lies in the range of about 9:1 to

10



solute state conprise water-soluble Goup VIII non-noble netal salts such
as nitrates, sulfates, acetates, chlorides, formates, hypophosphites and
m Xt ur es wben@af7317Exanpl es i ncl ude wat er - sol ubl e ni ckel pamdrSeros®oizad t
conpounds, e.g., water-soluble nickel and/or cobalt salts such as nitrates,
sul fates, acetates, chlorides, formates, or m xtures thereof of nickel
and/ or cobalt as well as nickel hypophosphite. Suitable iron conpounds to
be added iaboube: 199 mibre prtfdrablycbout 3€l io sbourded anest prieferabeabdunBnhtee,
nitrate, sulfate, or mxtures thereof. [0044] Suitable G oup VIB netal
conpounds aboubé:tedded in the solute state include water-soluble Goup VIB
netal salts such as normal amonium or al kali netal nononol ybdates and
tungstate | o i d
tungat en. T0dl S B B B e unds
of nol ybdeouiprivestalGasipeV metdl herefarablyrnisbivm. PreferabR;, they Gxoup & nieétalor
conbi nations thereof. Suitable water-soluble isopolyand heteropoly
conpounds iapees¢atisy atbamount rasging Siomrabaet.d etpsa,bou:qi%mlp %drelated s,

ceri es. | BIPREnARo S G5 YR el ot pleloGRty il AbiR014baPOU 2, ot ¢
er i o . | . |
chr om um SUPRoe s eIy R a0l QT bout 8 POL e L ERIAR gt D O

Group VI Iabaand. In@bdbdut et ahd myskt pxfeesblP druah abantl) drtocbonosahele %uTheas
ni ckel or cobalt hydroxy-carbonate and/or carbonate, with a Goup VIB netal

oxi de and/@rougp Gmoetpl hasbesri fhunsitotpramatéieevisorwhempresanioin nelattysly tovici d and
nol ybdenum oxi de, or. the. conhi nati.on of nol ybdenum tri.oxi.de and.tungsten
[T et do. REROUIES B SoRMAHOm HAB AT BRI S BRI It G AIACETPOSIO ac

i ckel I 3 / | B net al
Cai s, sudhiad SnERie o ANIRRAE, RS GroRh VE hitaltoblhe FAROETHE Jmon um
et at ungstiégnck bfiasGEAIPSVAaERd, preddrabRenidlidrhgid paeticdarlypreférd whér t o

sel ect further suitable conbinations of netal conpounds. PREPARATI ON OF THE
CATALSYT @he miditart raviaNTl GroyprVIHrreptal avenGrodp MiBkmetad 48 bebomdabquirlt.$:dL es

or epar fﬂgﬁgﬁ%w%&gﬁeﬁq?ﬁ% VB BON DoHbT iﬁi,ﬁé»%éﬁﬁé:&%@vr%iﬁééwiifr al yst
one. o oup OBt it kit e kblafprs P ARk e RaRE Rt Eed Lol o™

| east one GFRPPVMI hhethRCHAN, Or BBt tufOFPCB AN, And!GRpSVID MetEdsowp VI B
metal compound in a reaction mxture with a protic |iquid: wherein the

reacti on ddouosa mixture ofr'Wsamkc® oy prefiesabdy onbt Niaadd¥air a ohets] molafratiabl y
nanoparticles of clay mneral, the napoparticles bejng characterized by
havi ng a delaNabgnt bi2:].and I COMPESKHREAVEEN 'F"P%Uto(?-éﬁé‘ldsa(%@u%tsdf’ © (g’

ber f of med ekl (i B S50 uBlo VI BleRR it B TnbKA (8BresBed™, e
sol ution siax&des gg ad8fdip Vatletal, froferfbIShiBbing, Aid MAROSRS Gbsht Tt

herein incorpora by reference - it 1S preferred that at | east one of the
met al conyeclatise teethe total aveipghiof thedntlk ynétal dxidepakticley bhasydtheticg t he
entire process.

P nanoclay, wherein the Group VIII, Group VIB and Group V metals form at least

about 95 wt% (based on oxides) of the total of the metal compounds in the bulk
catalyst particles and at least about 50 wt%, preferably at least about 70 wt%

relative to the total weight of the bulk catalyst composition.

[0035] If the protic liquid is water, the solubility of the Group VIII non-
noble metal compounds and Group VIB metal compounds which are at least

partly in the solid state during the process of the invention generally is less than
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The term"at |least partly in the solid state" as used herein neans that at
| east part of the netal conmpound is present as a solid netal conpound and,
opti onal IwQ 2009007B57 part of the netal compound is preseRrCTAS2@8%0328¢ i on of
this metal conmpound in the protic liquid. A typical exanple of this is a
suspensi on of a nmetal conpound in a protic liquid in which the netal is at
| east partly present as a solid, and optionally partly dissolved in the

protic |i daboihit 0108 modfl00enEWated ¥ d 8°€NThisempAy deadnirasedpyith ehe h?ﬂ)i hing and
reacting the nmetal conpounds. More particularly, it conprises adding the

met al conpmlubitity of tecielextod compousdsrof.tfanesample, £nd/10282 R8Peaft er reacting

them [0048] Wthout w shing to be bound by theory, it is believed that this

reaction ;@!03 yen ke BI&fceuqﬁiga}I ATEL gbitammmgwm ﬁoII'-rIcIHI@Héf?l
ue to t o

conpletely in the sollTd" state; e presenc the protic liquid a
smal | fracddmpoidstwiichriralat fasPpartisinahe sdlid selty durih?tthé pedcedpdf the
consequently react. The protic liquid is responsible for the transport of
di ssol ved inzestior oomprisd Srang YHEnehawoble metalreomepmdstwish grlewi ¢ |1 qui d

during the pracess of the present invention is considered essentjal. The
react on (SONDHIEY ihiates B es iates| CHAMIER o bRRRICS YAEPREERTONalSas about

St ruct ur o TP Gides s Ratel RS O ARR b el et Chcance o

n orter ne I'n the absence of
t he nanopaghp&hRS; okided 8t MIRnGEH Getire®e Proferdbly, GRyYGMMINMmoM aoBlematal | east
one netal conpound is at |least partly in the solid state during the process
of the i nvempamdsamhichkare pt kast partlyemehalsolidgtate duringitbe pesqessof the i s
consi dered, for exanple, that process wher.ei n i)_g me%al gg ound whi ch
is at | easfVpRHeN GOMprise, angd moze prefer prgist esentiallinpl, gxa %ound whi ch

par 1y i RRSS dSFomlsarthRR, nL BT RGHTRR Biolkadeh e RhaldiT

state; andygités, &mxmakh&eaﬂ%wﬁyaf&ﬁéﬂﬁen%s laﬁé%hrﬂt%{a"tés\’béiﬁgwi@stsm id

state to one netal conpound in the Solute state, are within the Scope of
t hi s enbodprefertedGdnkealiy)thamalar rafic betiveentthe hydroxyt greupshndehest ate” i s
inplied that the whole ampunt of this netal conpound is added ~as a

sol uti on cfarbenaie gEouNs ledhscbxydaoxmcanb@npwolmclnﬁga garge fewme de abautbur t n

[ d I i [ h | I 9] mbi ned
"t e pr guELguef il 7l @iedich ko Hitatta O Q SSPBR Ciod PoFrc Sl '
st at e, thi)(ﬁepgr%l?,rﬁgﬁ R MENAbsfidges and ideally elimnates those

e C

ani oni ¢ speclies (su as nitrate) and cationic species (such as amoni um
ions) which are re\%ﬂjired for .dissolution of the t ounds in the

, |
protic |id@04d7but wWhitkspeatic midilﬁwﬂaﬁaﬁ@dem@@aﬁé q%gé ICORMIOURASed net al

reaction prpduct., 0501W. & hi i I .addi tion of
reacti on, Aok kPR Ink U508 Bt 3R ke Ruilehs BEAR BBl on
to remain @mﬁﬁwiliglﬁg dolubR ribReISS dobafiHiRixddriibRell dbafiddrhfolidicess may
be prepared first as suspensi on of the metal conpound in a protic |liquid
t o whi ch andhdisoxaldtes nitpatet.,yalomisagsierarbandtys, hydrory-oabonatasd/ or f urt her
suspensi on(s) conprising dissolved and/ or suspended further netal

conpound( hydraxides, mebihdates, ghpsphates, phogphides,isalfidess tungstates. 0xades OF st
prepare a sol uti of firs tal . eopponent,. and th entd dd the
Feau r e shoptesBrier Trerimbny Thé nisk@TPr o FanpbUE cBRESEN Mol
optionally, r j [ eon; 0 SpreRyl al 1y.
However it¥ r%gér%?@fceor?? ie%g %ﬁgflﬁgﬂlf}’ %aéﬁ'\c}%lﬁﬁgﬁ’- %hgtb)ﬁg%rr%’t al gg;rlrpounds are
conbi ned sjarbidiaes; dyskyxides| mblybGatespphbéphatdsatunpstates)motsdest er auxhireed

simul taneously and the resulting two m xtures are subsequently conbi ned.
[ 005111 n ahereofewithaueke angfor dydsﬁxwﬁﬁ?qr@i%gl@@@mmr&ﬁ/w&und can be

Povboer . HydraRBEoaIhEL &ndBr cOBAE b arhanate R AEshites Beskotbeife il tnt i ng a
solid met re?é?fezf?me'kﬂgg tRE A d1sr Ieit%é’m%ngﬁé’h%ﬁﬁéy%?hk 3 ke al

conmpounds ere nore t one netal conpound I1s"to t least partly

in the soldabshat @rebs inght Méclalor cebak @€ aickel-tobak hydhexy-oatbanatoliggounds
may then be added directly in solution, in slurry or per se to the
suspensi orinrtbe sangenof @ toabouti 4 nreferahlydbioahant i2o morgprefenahlytojabauid

further netal conmpounds may be added:
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WO 2009/ 073177PCT/ US2008/ 013289 i) to a dry precipitate or co-precipitate
after that resulting precipitate has been treated by solid / liquid

separ at i onp 2beld7eved by the optional steps of drying an@Ci/useoosioesssl |y
treating; ii) to the precipitate of step i) above that has been wetted; or
1ii) to the precipitate of step i) or step ii) above that has been
reslurried in a protic liquid. [0052] Regardl ess of whether the netal

conponent sindrostgsteterablyeatsbut ot tegbout (.8.Swicable érosit @drepoundsonhichete and
reacted with at l'east one netal conpound being at |east %artly in the solid
state, thetileastpagly hethgesohidistetemse wontldhpitiatelsronisarbenates hydraXye presence

stl B Su peATaH YO RTe DU HA R AROS B ST ar DY Eocet Musrbes Qetedls (o~
Conbi nat i it SERERT SRS, Bon AMORRR. Pl o TR 2bar O, RYAAIAE oS R, o

suspensi onsxide, o Hixt@RS théreaf beadyprefdtbddied netal conpounds. It is
preferred that the nanoparticles are adm xed in a suspension of the or a

t al whi s to. ' I . ly i h | i duri
he-ont 1 r QOHs8locs I ropistiernd s ot Saie o riesOBuiBbl sl TBcen ™
J 511 HiePtcHi Hhad B
bocurs. i n e Eondohhs il alniihl e PLESRAP b B b BB 211 ol ay

m neral nap@RtingGheRide[d10and tioades) caabides mitrides) akimmdurmmsalts odcidd)e
invention, at least a fraction and preferably all of the nanoparticles to
be added sutfidesconmiectuias thexodpofi ¢hisgrovp, it iskprefernet thas theGveup VIB

hydr oxy- car bopate or carbonate. Nbr eferaply t.hese njckel.and / or
cobal t cor%%ﬂﬁ%mﬁﬁ%g%@é?ﬁ‘ﬁreéﬁg? Fybgﬁ tdl‘l'ea’éé) Bi/ i iaﬁ}déoorﬁpg&lfﬁst ation
reacti Ons'thér%% 4 Wthout wishing to be bound by theory, the nanoparticles
may act as nucl’'ei on which the netal conpound, preferably nickel and / or
cobal t

[0039] Suitable molybdenum compounds which are at least partly in the

solid state during the process of the invention comprise water-insoluble

molybdenum compounds such as molybdenum di- and trioxide, molybdenum

sulfide, molybdenum carbide, molybdenum nitride, aluminium molybdate,

molybdic acids (e.g. H;M00,), ammonium phosphomolybdate, or mixtures

thereof, with molybdic acid and molybdenum di- and trioxide being preferred.

[0040] Finally, suitable tungsten compounds which are at least partly in the
solid state during the process of the invention comprise water-insoluble tungsten
compounds, such as tungsten di- and trioxide, tungsten sulfide (WS, and WS3),
tungsten carbide, ortho-tungstic acid (H,WO4*H,0), tungsten nitride, aluminium
tungstate (also meta- or polytungstate), ammonium phosphotungstate, or
mixtures thereof, with ortho-tungstic acid and tungsten di- and trioxide being

preferred.

[0041] All the above compounds generally are commercially available or
can be prepared by, for example, precipitation. In particular nickel hydroxy-
carbonate can be prepared from a nickel chloride, sulfate, or nitrate solution by

adding an appropriate amount of sodium carbonate. It is generally known to the
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(hydroxyl -) carbonate, precipitates. The nanoparticles and the nickel and /
or cobalt conpounds forned during the reation are thus intimately

associ at esocoevatgi77or mati on of the bul k nmetal particl esPCraG2&BBix8er abl y,
at |east about 1 wt. % even nore preferably at |east about 10 wt. % and
still nore preferably at |east about 15 wt. %of a nmetal conpound is added
inthe solid state during the process of the invention, based on the total
wei ght of sgilledpérson Wb Bhoost the Piecipithtion eondieiong ineueh asaipadifitisbtain

cal cul ated as nmetal oxides. Wien it is desired to obtain a high yield, that
i s a hi gh therdasitedbmorplzologl kandetesturevf the resnltant precipitate, and mobraret al
conpounds of which a high gnount, remains n the soljd state during the
process ofPartigilprydecon Ohalﬁ PRIUCIHSIAS é?"étqcé(?r?@t‘ﬁjdh? PI¢FIPHALe: case, | ow
amounts of netal conpounds remain dissolved in the nother liquid and the
anount of [0942] coMh@endslemetal Coripdunds Rehivh sidinlya¢@itaiduC] Qdaridier H in
subsequent solid-liquid separation is decreased. Any |oss of netal
conpounds additidretcatheinetd] exmptedersed be¢aush dhempatedesy defuingentaktol theng fr om

lid-l1iquid, I ' | [ f th
nvent i on.aMiropgesb Gepm Yo BoBle shrt] ebansiEa s GECBI- RO MEs s of
the pr e_se_rhrre P Theal cB&%tou\ngg?@%PaﬂdE@ aﬁle&?ttézz{rﬂgtin%f E@ﬁ@ts{a?@bgéeﬁﬁg on a
CO- preci pi'tation process - Wwhere ani ons an 1ons 'I'Tke ammoni um can

accumul at gyhéh édiBofiite MR hyldrék@icarbdrage Brapplied0C Oy obvesRART pSsifively
considerably reduced. [0056]1n a preferréd process the at |east one,

pr ef er abl yinAliéncestthé ptbobthendactiomimiztuae. Furtlwr, becausy thercatbenatsl isd st at e
during the prqcess,  of the invention. Because in this enmhodi ment the

reacti vi t yransiermed iatg Ctapnd deesnotgndrup Indhat wasteywatep dhpoRegiblg te

or ef or abl youttir D PRREHAEE CanigdBebiThs WablioBsrdal M EeSrarl STRAANE o, o
W . % anqiiRsirePhRToRE FIM tAE réstidhg BEMUhethl bxde pdfaiefesal | metal conpounds
initially enployed in the process of the invention are in dissolved state

ig%l Lgi‘%éﬁ?g@?ﬂﬁi P Felertoroun VI Rory@gple sheabromoRuaLs 6 BHAEEET n:”;i e
Coxtare. oo ik EPmpbRE stk <SRBT RO M hP bl e BB s SR EC o T

state durifi@afebesif065agetatest BEIdrf&é@,Wdrﬁﬁt&?ﬂ@@pH&&)ﬂit@@ﬁn& Pnix@urRs ext ent
during the process of 'the present invention. nsequently, by using netal

conpound phereof| xsamplek ircluode vater-salnpleatiokgl anddort eotialtr @mpoendsyeghpl ogy
and the texture of the bulk netal oxide |%S(r)6tic,les cor]tai ned in the final
bul k cat alyafer-solplsnickehard{ar gabalbsalisstucasHitratesssulfaies aatalss ent .

" Mor phol o and texture' | . L fi I rto
oo ol gL, R, oS IRCARSE o ek OE RGP BBk Y ST ke
particle ¢ %phB@lﬁfé‘?SﬂﬂhBleq"r&ﬁ)%fd n8§fo BE aBAES B MRGOMYtekenRIcoehpHsel east
a part of the raw material at |east partly in the solid state neans, for
exanpl e byraoadetate] ¢higridbeformate,tnitratipulfiter oemrxfuires thereafduci ng t he
addition of acid such that not all of the metal species dissolve (e.g.,

when Ni c te, i i e r y the
surface aigg‘? t hﬁtﬁﬁﬁé %g?lgé Vt&%r}gg{aég%’ﬁ‘ﬁ}g ﬂgg S f(élng bpeec%gr?ﬁge{)sgéﬁgﬁ(;%%ge

pr ef er abl yhgudk Sastér-gdlable GESap VB mBfat sPMLHRIA dordal lag@dbnilRwr 80% of
the surface area of the netal ‘conpound which remains at |east partly in the
sol i d st atatkaliimieta momomohyteiatesodnd tungstatesmds well a¥ watenisdlable mopalyr s
expressed herein as surface area per weight of this nmetal c¢onpound,

cal cul at e@oaynqm@mofmlagdemmmtpngﬁsnnﬁeﬁhaﬁ rpsﬁaéuregsamcaﬁ QIEREF1ri ned by

LSO SSAABLLA ) 0 5 b R o b oo
metal conpoging Whingh of EPdSorAbinatidhs tIRFESS. Suiitabld WakplsothsiEt §égpalyu i ng the

process of the rnvention. Furthernore, the pore volume (determ ned by
ni trogen agddrep¢ropoly ¢ompbendscadi desorbed ipMdlybdeesing Eherdtdly, Chemicdl east
about 40% and preferably at |east about 50% of the Bore vol une of the netal

conpound wataseriesnBulstiniCdb-a4; February 1969 end in dleluddenune Chemicalss he
fthe i t] ith.t | bei d. her ei
Phe vor umChstisal da8 st yhctin, FapR A raoad Rigk Sbtltks 905 SHRAPEIVEEr ot o

oxi de.
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[ 0059] The retention of the particle size generally is dependent on the
extent of nechani cal danmage undergone by the oxidic bulk netal particles
duri ng prwoesayaigi77especi ally during steps such as m xi rgTars26o8pa8ng. The
particle dianeter can be retained to a high extent if these treatnents are
short and gentle. In this case, the nedian particle dianmeter of the oxidic
bul k nmetal particles generally is at |east about 80% and preferably at

| east aboydludldelfontinen seripanndaircledencinsatasheomates; sopobtchiromatgsandd whi ch
remains at least partly in the solid state during the process of the

i nvent i onamFhenipa chrsinasiugn selfaten al so be affected by treatnents such as
spray-drying, especially if further materials are present. It is within the
capabi lit t he 1 : i Bk [ rder to
control t %&fosalrti C géﬁglh‘zég 0%?@???%{?% (?)ﬁlnggélic%ﬁés(ﬁﬁ?@taggg?}rrﬁgn 2?11?38201 When a
met al compebldmetil dlydrexyadaibdnate dirisi cqrbonhte, such denickel or sdtgile and whi ch
has a | arge nmedian particle dianmeter is selected, it is thought that the

ot her net Aydrawypearbenatgiand/en¢arberates withtahGrewp yiIBanetal pxideand/peal ar ge
metal co und tigle. .In this case,. sowcalled "coresshell", structured
bul ket aloToRp AR a6id Sictyab el oriEiantion Shrestic asihfa Badvbrenfihar or
detai|l hergj . j at e r f the
nmetal co rr% gijdr.léd ?g |)ﬂ?c a%m%g&gmrvlgg%ig? ﬁ{é@ %&/@%‘EF@# ﬁngsSw t ar[)cﬁ?ei&éé rcgfagr med

et al comorBapgVEI hPdraxiegabonstetandis daEbEnate suehuRdticlkyl oresbaltof t he
above-descri bed precipitation or re-crystallization or any other technique
known by hfidrosdyi ¢arbdngterandfonsadbonate,cwith Erndupi VH3 metal saltss siiahaad e

nor phol o and texture are obtained. roper, sel ectjon of .appropri ate
pregi pi ¢ aPmsRoRMAN AT kD date, apun AR @ﬁ@gﬁﬁm te»&%hwmrav o, p[0062] To
obtain a {J ik i i i jyity, it-
is pref er&%%gyaﬁigﬁ%&éﬁ%eg%%ﬁ éO@H(l:lgH oﬂné’g‘g \%ﬁﬁcﬁé éfr)fgctgfé %Péggst ypart |y

in the solfigh&t fiRbIEIMBinafi®Ons ofaestsl &Smpbendslvention are porous netal
compounds. It is desired that the total pore volune and the pore size

di stributi t e Net 7 OpAUNQ re. hroad LR to those of
conventi o A LHE LA TALSY] ERER IR Ay 8T opr ocessi ng
catal ysts generally have a pore volune of about 0.05 to about 5 m /g,

pr ef er abl yAYf Pedpawitiéh of bolkadetsl okidd partichesr e preferably of about 0.1 to
about 3 m /g, and nost preferably of about 0.1 to about 2 nml/g, as

det er m ne mercyry._or r porosi.netry. Fuyp.ther,. conventj enal
hydroprocgg@ﬁﬂlg ca Wtegwgtﬁlgrl%ﬁ?ﬁH%Y/eéltg(msﬁr‘#’%?é’geda?oe%%?&g%? east about
10 n2/g, ggégfarﬂffec{ Bﬁﬁ(béa\(alggt %mg%ﬁbn%ﬁwris?&g BR{gmetl GBS tatalyat er abl y of
at | east ut TO0 n2/g, &as determned via the B.E T. nethod. [[0063] The
medi an paphitidles chmprtmg afleist @ns€im@upciipaonchable amtploantiat lehastanear e at

| east partly in the solid state during the process of the invention is
pr ef er abl $roupiVIB metalawhich prasesheempriseHeembinipg ahd soedpng atlsasd one

preferably, fro out 1.pmto .about 500 nd st prefearably from about
D i 4o alisaiP RE bR aonE ieray TPl A BeasTRES PR U messt e et o
conmpounds., %ugaqn %rreaa%q mliRRRE Wit f prodt AL kﬂ}e@eiﬁﬁ%@!reé&fﬂipwt‘ﬁ?s W th
particle sizes below the aforenentioned preferred lower limts would be
desi r abl eiretHeoptiestrdesofodispdrsitie aarmpartiolesprederabiyt ndmopdrtialet lof ckaf et y, and
environmental reasons, the handling of such small particles requires

speci al pndpexal; thanaaapaiticleshbring shagsctariveddy, hadog 4) dimension of leshe

r n f nano-sj r.ticl rin h
presence 81an ur(r)I whén gn § dgslp%rsee%i s?éjte.l g the

[0047] Although it is possible for the process of this invention to be
performed by combination and reaction of all metal components being in the
solution state — as described in the disclosure of W099/03578 which is herein
incorporated by reference - it is preferred that at least one of the metal

compounds remains at least partly in the solid state during the entire process.
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preparation of the bulk nmetal particles, the particle size distribution and
the pore size distribution of the bulk nmetal particles shifts towards

smal | er paotoesdiranet ers, conpared to bul k netal partipcras2@sopesed in

t he absence of such nanoparticles. Preferably the catal yst conposition has
a pore size distribution wherein at |east 75 percent of the total pore
volume is in pores of dianmeter from about 20 angstrons bel ow t he nbde pore

di anet er tThedeemt "a?feadt patiyoitbthelzolid stdte” apdsedhérRinlirant ehiat dt dsst phan 10
percent of said total pore volune is in pores of dianeter |ess than 60

angst r oms cfittie gnatak mphmd & presewtras a solidemstal kempoindeansk eptionaldyi d t ot al

Pode por o ARCHRREIT of e aneta) GABBSRRA dhPIeSeNtAS SR BRI R AERbUL 70 to
bout 90 | | t

of “the  pr oL rﬁf‘nﬁhg?ﬁg']ﬁ%%@'“@ 4wt “Fﬁelgs?‘%g‘/@““g%&%? Fary at

| east 30%m@t\a¢aoﬂ@ban@ﬁ&wraﬂbm fid hemlicm&médam ét"l@aﬁ@)’a@tl%@ké%ﬁt as
decreases wi th nanoparticle ad ion. The pore dianmeter has been found to

decr ease hysaotial, ant legotioR@Ry p(artlpvlessolmdantthaprafilf)/hqmd fiseaforementionedvnen
nanopartic| es are used during pregaratl on of fhe bul k {ml tinmetal Lic
particl es. cPHES BFOSSFS ¢RINBYIEFS Cqmpiniep angd seantingdhaanstal copapaungds. Mere

Sut 11 or enttRygHS o4 EaRPis S GHRRRE M Guet FoltPatafta AREFBR Ry The Fac
that the agulishdolsiPhARIRMreARErRLEIAS el of T at high nanoparticle

content, the anount ‘of nanopartl cles added to the reaction m xture is

preferably | ess thanﬁgbout é) relative to the . total I of netals
used, cal dOP48kq aWithout Wi IH%O Edoss ﬁ REry: &f 1 ‘ﬁéie gl?%ft Bred process

condi ti on 1

(subsequerslr g&rdelg 1 p'i'?(H 3%llonlci}g{sa(1:r I %‘ggﬁhdg% vi On é)lPFetl%e Met al
Conpounds:thé Q8kd ]stm@ difeot@)etﬁé prédesict | Io%ﬁe Protidquid e ﬁﬂmlffa@hbﬁrbfqﬁet he netal
conpounds generally ‘are not Critical is possible to add all conpounds

at anbi entmetahpmmpbunés edn dfseolvenattmraat amxl-lc()nsfeqaenﬂy peatsi Bhe protsoliguidon i s
applied). General]y, is preferred to keep the tenperature of the added
met al conpdeRPen ‘iﬁ@rtthé t@mﬁngﬁw&dltsomd mgkpl sempousds apd thergderedhe ni xt ur e

to ensure easy an and t he co nds_dur.i n t he addition.
However . iIFesRef BEa Pbla A oPBok it Ploc B B en B%an A bt nt o
the reacti@sicdéemiiall ThGeadiohinedhifs eﬂ%xﬁgqs@aahwes» lohf, t he reaction

step is carri out at 1 ncreased tenperatur e suspensi’ons and

opti onal | yprefarattlyaindeashabbuted hoarkd éTbwever hdue ratheipresancktof mrangpaicddsd y can
be pre-heated to an increased tenperature which can be equal to the
reaction ttbﬁﬁé$1§QdJ$@lV€[ %mwgsrfagnsé@hamﬁém siyrter timgdhamin theon of

one or net al oun an al so be carried out while already conbi ned
et al co Slplery (?fetg'gtqp ﬁ‘%'é’i%sn other. In this case, the conbination of the
met al conpounds and the reaction thereof overlap and constitute a single
process st[6049] The embodiment of the invention wherein at least one metal

compound is at least partly in the solid state during the process of the invention
can take place in several ways. In this respect, it is considered, for example, that
processes wherein i) a metal compound which is at least partly in solid state is
combined with a metal compound which is in the solute state; ii) one of the
metal compounds is added at least partly in the solid state and two metal
compounds are added in the solute state; and iii) two metal compounds are
added at least partly in the solid state to one metal compound in the solute state,
are within the scope of this embodiment of the invention. With the term “in the

solute state" is implied that the whole amount of this metal compound is added
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b) Reaction Step: [0069] The reaction can be nonitored by conventi onal

techni ques such as IR spectroscopy or Raman spectroscopy, wherein the
reacti on we 2009di7eeved by signal changes. |In sone cases, PCHO/US008l0s28pOSSi bl e
to nmonitor the reaction by nonitoring changes in the pH of the reaction

m xture. Further, the conpleteness of the reaction can be nonitored by
X-ray diffraction. This will be described in nore detail under the headi ng

"Bul k cat aks¥asdolGeow of this anetal cdlhpohﬁd/ﬁﬂﬂiequro'ﬁc[mﬁﬂ@.]Iﬂbwiever,arﬁmhhc(ﬂv)af ter
their addition, the netal conpounds together with the nanoparticles,
pr ef er abl yandiprefdreed aliernatave issthepall mesalesompeendsjiotbg eemhined indhe ai n

tenperature for eriod of tine to allowthe reaction to take place. The
reaction tPéﬁﬁeélsé’c%ﬁﬁ%m‘ée“}S‘Pé‘faéFé‘BP ed at quét P%’ﬁé[én eégﬁg,tstaée,tt S3bout 300C,
nore preferahl . t ] [ E@éﬁ I 0Oto
about ZOO%r?&%g%gédlpreé# g‘r@%‘l%;é alnﬁqgi %a_en}? glﬁg‘g" %E?gad_c%ﬁfa P 8158%%“ _féOC. | f
t he t enperainirfte) andhAvhicpeledsilLad smbfidiiAdions) WhidH afehequirad foron

m xture, the process generally is carried out at atnospheric pressure.
Above t hi slisseigéormofithe, metad coapouinds in theepmiticyliquid dat mhach erg neft i ncr eased
pressure, preferably in an autoclave_and / or static m xer.

[ 0071] TypilRegrpgrated antgithe gesuliant puged metalirgagtion PErdust during the reaction
step; said pHis preferably in the range of about 0 to about 12, nore

pref er abl o050 he "FiHm HesélRbinatived aBRdérsI6t adiibrevethemeslpr ef erably in
the range of about 3 to about 8. As has been set out above, it is preferred

that the mdmpuindsart popsblet Hoe ezarmphd) dsatnmetal somipoundayhichas towemaihl t he
netal s are dissol ved, during the react itgn st.ep. [0072] The reactiop time nmay

lie in thdatleashpasly mybasold stateduring the ¢aHES PIPegss HYFIPIsRatsd st as

reaction rout t el I ’ o, mnute to
about 100 ahsgaﬁﬁgr?ﬁﬁﬁ%? ﬁ%@ﬁe}ﬁé"gggnﬁﬁ@ﬁé@né é&o‘ﬁgg(&lhgge% @?R;é hg%(rlret al conpounds
is at | ea%lmﬁﬁéﬁédhsl)nof %u%ﬁlti'aﬁy,sﬁ&lhﬁoﬁ'@ hAd/or MarthéasispensioR(f er abl y about
1 hour to about 30 hHours, nore preferably about 4 to about 30 hours, even
mor e pr ef eoalprisiag dissolb@dtandatmositspehd dtbfurthea mietabc@mpoend(siim thegprotic 15
hours to about 25 hours. As has_ been mentioned above, the_reaction tine

depends oniquid Equallys at igradso powsitlp A dist Rrﬁﬁaﬁee%&lpﬁﬁnﬁf@pﬁrsﬁ m%@'c essary,
For exampio@tmaerbaraporbseRReablad] ficiBapl-e sl of BERIL o oo
out both aglig spit wiethl KRpSuRdlY) 83d BpASHANY HerRONREGT ) either
simultaneously or sequentially. However it is preferred that all Group VIII non-
noble metal compounds are combined simultaneously and all Group VIB metal
compounds are combined simultaneously and the resulting two mixtures are

subsequently combined.

[0051] In all these cases any suspension comprising a metal compound can
be prepared by suspending a solid metal compound in the protic liquid.
However, it is also possible to prepare the suspension by precipitating a solid
metal compound in a protic liquid or (co)precipitating metal compounds where
more than one metal compound is to remain at least partly in the solid state
during the entire process. The further metal compounds may then be added
directly in solution, in slurry or per se to the suspension resulting from this (co-

)precipitation. Alternatively, the further metal compounds may be added:
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(B) Subsequent Process Steps [0074]1t is noted that the bul k netal
particles resulting fromthe process descri bed above under (A) are netal
oxi de parwDch@x75077l owi ng t he process descri bed above umderuseoup/o1i2ee bul k
nmetal particles may be subjected to one or nore of the follow ng process
steps before being used in hydroprocessing processes: (i) conpositing with
further materials selected fromthe group of binder materials, binder
precursor material §) cendelryippecpithiedirap-preipitatg afiat tay sesulting acki ng
conpounds, phosphorus-contal ni ng conpounds, boron-contai ni ng conpounds,

si |'i con-cont ai ni ng compoesipiatetiasdeendreatesd by aphd / ligrpbsenssatienidi t i onal

transition netals, rar arth netal s _.or mxtur t.hereqf,, (Ji
spray-drying, (flash) %?@?Wﬁabﬂiti‘fiioﬁ’&fmﬂ%% ﬂg,afyéP%PPg-/rﬂri#‘ﬁ‘é{'almy or wet
m xi ng, or conbi nati ong, thAgLeof . iii) shaping, (iv) drying and/or thermally

treating, and (v) sul fidi ng>’ The listing of these process steps as (i) to
(v) is for convenience only; it is not a statenent that these processes are

constrai ned to be pBrf 0 theipieginitate obsigpri) alrpes thap has been svedted; ar 1 1 be
explained in nore detail in the follow ng: Process Step (i) [0075] The

af orenenti oned further I3 s : I it
: ur GHPT & ig tiz)ﬂr%fhg? %Eﬁb'lzkisfﬁgm)b&&%%m Bdend plurality

of stages during the” prep the' b tal particles. However,
because any addition otedlutridiein arptatid liduidshoul d not affect the interaction
bet ween the netal conpounds and the nanoparticles, it is preferred that the

O 0uP 0 EBYD, oL P T e SRR HAEABPIRRAC 7 27

bef ore beirpgete@MPIHESH M fHatcES@rhbinkd ahdFBAGEd Hith at least one metal
compound being at least partly in the solid state, the reaction between the metal
compounds must occur in the presence of nanoparticles. The nanoparticles are
preferably combined with the metals as a suspension in an aqueous liquid. The
nanoparticles may be added to solutions or suspensions of individual metal
compounds prior to the combinations of said compounds with further metal
compounds or to the suspensions / solutions of already combined metal
compounds. It is preferred that the nanoparticles are admixed in a suspension of
the or a metal compound which is to remain at least partly in the solid state
during the entire process. Where that suspension of the metal compound has
been prepared by precipitation it is further preferred that the precipitation occurs
in the presence of the nanoparticles, preferably of synthetic clay mineral

nanoparticles.

[0053] In accordance with an embodiment of the invention, at least a
fraction and preferably all of the nanoparticles to be added are included in a
suspension of nickel and / or cobalt hydroxy-carbonate or carbonate. More
preferably these nickel and / or cobalt compounds have been prepared by the

aforementioned precipitation reactions.

[0054] Without wishing to be bound by theory, the nanoparticles may act as

nuclei on which the metal compound, preferably nickel and / or cobalt
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[ 0076] These materials can be added in the dry state, either thermally
treated or not, in the wetted and/ or suspended state and/or as a sol ution.
They may We 2a@dssii7pri or to any step (ii) and / or duri n@Caru$2¢08013289
subsequent to any step (ii) but preferably prior to a final shaping step
(tii1). Further additives may be added, for exanple by inpregnation, after
shaping (these are not referred to as further conpositing materials)

[0077] Pr ef(ﬁ{/ahimyl-)tda%me,rpxabiﬁitate%ddﬁfb mavpasticlos ahd therickebaad Adbi on of
the bulk netal particles and prior to spray-drying or any alternative
t echni que,cobalt compyumals-formied glusingtthe redtiamr argtthus intgoately associated not

applied, prior to shapi ionally, .the bulk netal particles prepared as
descri bed ‘Q%B\EQ%OEHWUBB gﬁngﬁl‘éH‘q%‘ é"@%‘leﬁ-d-l i qui d separation before being
conposited with the material. After solid-liquid separation, optionally, a

washi ng st{@pSSpn bePrefighbidedt Idasy dbwit.1 wi. %sevasmiobt Frdferdbﬂlﬁaﬂwabty treat
the bul k catalyst particles after an optional solid-liquid separation and
dryi ng st gboahdOpvti &b, andl stilk mest pocfetabby of teadt abhaut tShet.fatadrd mietal] 0078] I n
all the above-descri %acﬁi rocessl. | ternatives, the texm ".conpositing,the

bul ket alCORRURE) isaddediin 1 selis viafo. dying the precers ot tisdBYFION bastled o
the bulk ngtdle Baf R&"efcl ﬁls%lloélll g}gﬁﬁpm@sﬁn@@‘;oﬁgfﬂpﬁéﬂ-&bpﬂa ﬁl@ﬁﬁ?os' tion is

m xed. MXIng 1S prefeéra e in the presence o Tqurd ("wet

M xi ng") . chpoundR! eealatdtEadRihaxides. Whentih desirédeo bbtai a higikyiedd,al yst
conposi tion. [0079]It has been found that conpositing the bul k netal

parti cl es thatis athighemomttefithe baldietalioxide partiwd¢snthdusedef metaleri al duri ng
the preparation of the bulk tal particles |eads to bulk catalys

. . . yst
conposi t i Gesnpunssafivhicha bighi amourtdgmaimsin the selidstate [dyring the precessi ¢ ¢ he

medi an partd. ¢l i 0 I I [ 1L.Sed t

| east abmﬂftg? &?@ﬁ%nr{%?é%ﬁrtggﬁ%fg%aé{l aﬁégsﬁl g%})h%éi?%%%nn%@?g]g?g;%@abl y
at | east abpWowireRtdin Bis8bR/cAlhYhe AlotheY Bqtidaihdahe WmARA QThetapr
preferably not nore than about 100011m even nore preferably not nore than
about 500 qonmpowardd emdiig pp éh chiablagtensaterdueng lthe salirequentsydmd-liguieh nor e
preferably, the nedian particle dianeter lies in_ the range, of about 1 to
about 150Bepasatien irgsecregsed chnpigssial mefal compeunds eapbe ayoidsdapout 1501. 1m

I bul k meeRPIRe HeednalhbE A ToTEl fhe PRl o6 ERalld Gl bTetRyeiar .
resul t1 g BaTkPEsesy ST SreSEhCvERio 2 BT ORI BATLY Epaictitalage 0 11
may be selofaheprbdessiof iee presunt invention that, compared to a catalyst preparation

based on a co-precipitation process - where anions and cations like ammonium

can accumulate in the mother liquor - the amount of waste water can be

considerably reduced.

[0056] In a preferred process the at least one, preferably all metal
compound remains at least partly in the solid state during the process of the
invention. Because in this embodiment the reactivity is not very high, it is
preferred that the compounds are slightly soluble. Depending on the reactivity of
the metal compounds, preferably at least about 0.01 wt. %, more preferably at
least about 0.05 wt. %, and most preferably at least about 0.1 wt. % of all metal
compounds initially employed in the process of the invention are in dissolved

state in reaction conditions (based on the total weight of all metal compounds,
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consisting of binder materials, binder precursor materials, conventional
hydr opr ocessi ng catal ysts, cracki ng conpounds, phosphorus-contai ni ng
conmpoundswoloerani3went ai ni ng conpounds, silicon-cont ai ni RGTASAPSONIESY

fl uori ne-contai ning conpounds, additional transition nmetals, rare earth
metals or m xtures thereof, a binder material, a conventional

hydr opr ocessi ng catal yst, a cracking conpound, or m xtures thereof These
mat eri al s edléhlated adaneral beitlesh Inahi \d@y,qiﬂof)beb@mctﬁﬁg)aﬂihﬁmetdl nder
materials to be applied may be any materials conventionally applied as

bi nder s i ncdmpe sepsuned. cat al ysts. Exanples are silica, silica-alumna,
such as conventional silica-alumna, silica-coated alum na and

uch as on: e b .
al um na c?@tbgq, si | ifgfas %w&ﬁ“ﬂ@ﬁ%%%wgg% aRQ R xRure St Bk hhetal ©

titania, nt a- coat ed al um na, otalcite, or mxtures

t her eof Prefmpoast(b) wHitsretiin sit léasapagly inctheablidiseste dakingitha procdsanifa,
titani a-coated alumna, zirconia, bentonite, or mxtures thereof. These
bi nder s metheinversinn ean beretainiedde samesextertrduring therpropessad]the preseat so

possi bl e t,0o use precursors. of these binders which during.the pracess of the
i nvention 18?"8“%%‘& onssquently, byhysipg r@ﬁgp 8‘5‘6‘98‘-‘@@?@&?%@%&5‘;’% $ MNg,j t abl e

pr ecur sor i 1 i 1 Qs

D eour SO SyBlfholfifand Fhlgh, (RERRpROELSRe (LOURPLAUR AIHUE PRde
al um nat espgtigles@bffaitédiifthet finluk Batalyst lcofifpositith fih bé BeRtrdlledhtim ni um

chl orohydrol, alum niumsulfate, alum niumnitrate, alum niumchloride, or

m xt ur es tleastdofsomkOd8drtl {Miapholagy ardetelsturd®in thet camitextt ofithe ipeesenhposi t ed
with a Goup VLB netal -containing conpound and/or a Group VIII ,ao&_— nobl e
met al - contiBVANTRN EdRbiUPere YRlpae, per%@?ﬁgl% QR WELARE AFC, ETCICLOFRY al

particles and/or. nri. t 11NQ: ri t i r.eqf
Composi 1 i Pt tigt MpaRipiHE ety s e s yEl Ey dshig A lea'
conpounds gEY oPeheCratW hfateriltat ast PRAtROMAthE RBli8 stdth endtinddfir eMahiplebgse
mat eri al s.” Suitabl e inpregnation techniques are known to the person skilled
i n the artcontfollihg the addity {pE)sfarexbmpbe pyireduking thé sdditivn qfeesd bhch t o
carry out the peptization in the presence of Goup VIB and/or G.qQup VIII
non- nobl e that apt albaf tednatp! spegies Asolvigde movhery P?F@‘WBM@S‘P@&Q?%

[ 0085] I f aklrlurritna i.§ .used,sas binder, the surface area of the alum na
general ly fladhs gt H%u?%ﬂ'?ge of about 50 to about 600 n2/g and preferably
about 100 to about 450 n2/g, as neasured by the B.E. T. nmethod. The pore
vol une of [00&88h! uniGengraly thekinfadesarien ofltee bulkgmeta] oxibdaipardiclestio abbamst 1. 5
m /g, as neasured by npitrogen adsorption. Before th

the al umi raPout 60V preterablyiaf least abewt W osaREmUE meﬁéﬁl?ra? : e%i@lﬁé?& f)fy,

the bi nderSd%to%(thglsuﬁgcéjgregq)qptﬂe in?et&ﬁ@mﬂfx?&r?cf Whilh Fdifains at least partly in
the solid state during the process of the invention. The surface area is expressed
herein as surface area per weight of this metal compound, calculated as metal
oxide. Further, the median pore diameter (determined by nitrogen adsorption) of
the oxidic bulk metal particles is at least about 40% and preferably at least about
50% of the median pore diameter of the metal compound which remains at least
partly in the solid state during the process of the invention. Furthermore, the
pore volume (determined by nitrogen adsorption) in the oxidic metal particles
generally is at least about 40% and preferably at least about 50% of the pore
volume of the metal compound which remains at least partly in the solid state

during the process of the invention, with the pore volume being expressed herein
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invention has |less catalytic activity than the bulk netal particles or no
catalytic activity at all. Consequently, by adding a binder material, the
activity wO200907BUITk cat al yst conposition may be reduce@CTRseao0s®13Z8Y €, t he
addition of binder nmaterial |eads to a considerable increase in the
mechani cal strength of the final bul k catal yst conposition. Therefore, the
anmount of binder material to be added in the process of the invention
gener al | y adeherdtume ofE@r@bqsérrweighcbf thi$ yneaalddompolasd, roattulsted asinoethl
strength of the final bulk catalyst conposition. Binder amounts fromO to
about 95 wXid®o of the total composition can be suitable, depending on the
envi saged catal ytic application. However, to take advantage of the .

resul ting al | J | Nf : : i

present i rwgﬁﬂuon, yl;l-t?e&llg‘?rﬁg;edr Mgﬁrr%yr%ths}él? %l beéé:andéggﬂd?‘ gseﬁiééﬁdﬁgﬁg? gﬁei %hfeﬂte
range of afenéchanicaldamugeiindsrgoné by thdhexidid biilkanstad patticdes dprirg er abl y
about 1 to about 50 wt. % nore preferably about 1 to about 30 wt. % even
nore pref @raggsying; sspecially dunisgistens sweh asmixing ppknegdingelhopprtilout 4 to

bout 12 % [0087], The, bul | t] f th t J ti
2150 be- c SRS P el bhigh PRk Bieer ot SRTot MERHE known
hydr odesulhiszall Afe YAEAYBMIIE RERRRISE BY h OB AR Akl pArGALE VSt S.

These catal ysts can I'n the used, regenerate or sulfided

state. If g@ﬁéfzﬂ@di,s dt hease abyen80%nald pretirablyoatdesst aoaa90dysf theayedianni | | ed
or treated in any other conventional way before being applied in the
process ofpartieleidiamater o th¢ oosa] cmepoundcwhichatenpains at least partkyHa the esent

i nvention al so be conbined with cracki ng, conponents. A cracking
compound. SEUHIE QU BELRE PEPess Al theyTAnH GRS RATIE Se-AAnGHSE DE 1 acki ng

conpound [Wela)l (o) TN o] . i aeki.ng
comounds%g%?h&gg)?gjg%ﬁﬁ%rgg %hgygs s%@'ﬁr&% Iet§¥ gqlgﬁg%fg%ﬂzéégﬁ ?t;éélge(drgeol ite
X, ALPOs, ppéfeas. It MoWithin tOipdddliey ¢frthe kKkilkedosurpen fslselestCsuigble _
silica-alumna, or mxtures thereof It will be clear that sone materials
may act asobditibms inrtder tacdonmirpldberpauivdie sizetdigtribationtduring fwh i nst ance,
silica-alum na may have a cracking and a binding function at the sanme tine.
[0089] | f &&ESIERLS: t he cracki ng conpound may be conposited with a Group VIB
metal and/or a Goup VIII non-noble nmetal prior to being conposited with
the bul k 118060] par Wﬁé@%-m&@ﬁb@ﬁipbhﬁd viliieh ¢ adddd g 1@@smmﬂg inMHidsaliy of
these netals may take the formof inpregnation of the cracking conpound

Wi t h t hesestataand ivehish hpo @detgeomedianl particle dapetards selected, grigitheughd that

O
Ki |.S¢: | Ifp v | g i [ b
R L L e L S S s

or cati onipkidd pargicisareile (®hadl wilkbdKseribddi dicatdr dewdikheRimbyow).
conposition is to be used in hydrotreating applications or mld

hyd ' Th t of ' terial which i dded d d

The desrr dhok, [oF A Bpbongats AP hfes end bRz Af ffumep comhape) "
[ d 9 9 t ot al

ool ghe e caflid dchHS TRINERTDY diudiind BB A metdl caBREhuiaR drits ¢ Ot 2

conpounds pdrinpethebe nievilnd dififoinds by hireahs bk theealdvePaédoribed precipitdon
anmoni um phosphat e, phosphoric acid or organi ¢ phosphorus-contai ni ng

conpounds or Phresydiallization or anyiothercteahoigud knosm by thaiskitled pemsont undene
shaping step and,/, or subsequent to fhe shaping step. ]f . .the binder
Tt ori al  AHHEORGtigRs wﬂ@l%mﬁ&%g-@éﬁpmwgee dSPEQRFTal so be

EZiGﬁ gf or Q@l%uiaﬁltoif%Bprchq{atlé %fé&ﬁﬁﬁ’ior?@oﬁdiﬂ%g 2al ib@qﬁédecgi;' rQ&iREPL 1 zed by

experimentation.

[0062] To obtain a final bulk catalyst composition with high catalytic

activity, it is preferred that the metal compound or compounds which are at least
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contacted with phosphoric acid or with a m xture of phosphoric acid and
nitric acid. [0092] Boron-contai ni ng conpounds that nay be conbined with the
bul k net avopas%i7ei7es i ncl ude boric acid or heteropoly cecpasaas/oof2sbhor on

wi t h nol ybdenum and/ or tungsten. A fluorine-containing conpound that may
typically be used is ammonium fluoride. Typical silicon-containing
conpounds are water glass, silica gel, tetraethylorthosilicate or

het er opol ypagtiynie tisisolid statd dwdng thd provessydfitheunventibodret porgas eretalFur t her,
conpounds such as fluorosilicic acid, fluoroboric acid, difluor Qghqsphori c
aci d or hexafipasdsplds desired thatithe taigl pereayobnmeendithe peesdizaslistoRubipnE wi t h

Si, Band P, respectively, is desired. | 0093 I table additiopal transition
ret al s ar &F tBESE Mefal SRR 2SRy StRies fodhpss fbEeiRntonal; um

chrom um ' Y t OB\ Bnti | IL:api L |

ni obi um chﬁﬁﬁolég%sé}l}%%m}ﬁt%b%enumtlgg%i ?ﬂé\ﬂéﬁ%‘%ﬁsglﬁﬁe%@%tg 5% g@tag'll be added
at any st 3fifed pdres/ohimeasTabolut OIS o RIS hirgepiefeabhr oPibduwt 0. heo shapi ng
step. Apart from adding these netals during the Erocess of the invention,

it is al sabousdiml/g, moreprafesbly of Aboiti hlto rbbut & mlég,and mostppreierably
therewith. Thus it is possible to. inmpregnate the final bul k catal yst
conposi ti & q%opﬁOalntq 4#@%3&&&@0% QB%&PFWE’%W?W@ AT BPTORBEE Y et al s.
Process St | i LG i I .Si.rg any
Provess  SuRufdr o hARRSHAN o 54 ARSI EGARY 9RR rhmREa RO o
drying, mgtlédg ablﬁﬂeﬁﬂhﬁ% 1o Préfefably 6f atdEst AboES0 M, Hhd Mbst

conbi nations thereof, with a conbination of wet m xi ng and kneadi ng or

sl urry m raferalbilg ofiat dgast apouy] GRini(g, ps eletermided OGS B EEE emetinithi ques can
be applied either before or after any of the above (further) materials are

soced 11 e L), 0 A A o SO Sl B ™
[ 0096] Pr efyghiehlare at RQstpdrkyTRLtAE sBBA Staté Giring thdPidtesOOP L inSenibh s any of
preferably is in the range from about 0.5pm to about 5000um, more preferably
from about 1 um to about 500pum, and most preferably from about 2pm to about
150um. Generally, the smaller the particle size of the metal compounds, the
higher their reactivity; in principle metal compounds with particle sizes below
the aforementioned preferred lower limits would be desirable embodiments of
the present invention but for health, safety, and environmental reasons, the
handling of such small particles requires special precautions and is thus not

preferred.

[0064] Because of the presence of nano-sized particles during the
preparation of the bulk metal particles, the particle size distribution and the pore
size distribution of the bulk metal particles shifts towards smaller particle
diameters, compared to bulk metal particles prepared in the absence of such
nanoparticles. Preferably the catalyst composition has a pore size distribution
wherein at least 75 percent of the total pore volume is in pores of diameter from
about 20 angstroms below the mode pore diameter to about 20 angstroms above
the mode pore diameter, less than 10 percent of said total pore volume is in pores

of diameter less than 60 angstroms and greater than 3 percent to less than 10
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the above materials and subjected to any of the above techniques. It is
believed that by applying any of the above-described techni ques of
spray- dr Wwogpod7Bergh) drying, mlling, kneading, sl urryPoirAiSegs/ot2gs or wet
m xi ng, or conbinations thereof, the degree of m xing between the bul k
nmetal particles and any of the above materials is inproved. This applies to
cases where the material is added before as well as after the application
of any of peRsentb@¥erddesd Pope dolmhd i pdreyvey diameter preat@nthualllly preferred
to add the material prior to step (ii). If the material is added subsequent
to step (iangstroms, aragsaldimgdeapawcxbamemr ofrseidcampysitiontindn sheyrangefrowd by
any convenhion techni gue prior to any further process steps such as

shapi ng. AROUH{A R abeu S&PMS-ving is that no waste water streams are
obt ai ned when this technique is applied. [0097] Spray-drying typically is
carried o§0068] an auyiplicilly, eesurdicy reh indrbsscsagereshlt afakié pidieficd of tizout
200C. and preferably about 1200 to about 180C. [0098]Dry m xi ng neans

m xi ng t haahopartickasdty pideastcd(96, more prefaraply atileasivi@%, avign srorehe above

1 Cer caREebahy ms esdt S ise Bemore saRERE Aecrtal Sk rGRaPIIIIR, of 1he
] . _ .
et cof - pradRich. Thefte Higim s 86} i ESUER deck oo b by S ORORY B Past ©

opti onal | yveRmsreha® 369y, 0?fmbfethal 3090,(Whért hgfiopdrtits iagd asédyutifg Shaped
optionally after step (ii) having been apFI i ed. Shapi ng conpri ses

ext r usi on prgmirhtéon of thg bulkadiuhimetatlioparsictesy Paefgrabdy howewestfobd Gt ed t hat
if the bul k catal yst conposition js to he lied.in slurry-f{ype reactors,
f 1 ui di zed hydepireatmenh dhe gmean ppre %ﬁ%@@ﬁﬁ?h@gﬁ&(’éaweéé? gélpa‘f %ing or
beadi ng i b 8d. f . f: J at | [ cati erally
tho bur'k Salarykfus buitbitERiT SoRie L bieR oty BerBMAS! BT 12
latter casigs effechBid ARt BidtIhe hotidity ﬁﬁ?td%rﬂéiﬁ_a?f}éﬁsﬁﬁ 164 ff afligh
additives which are conventionally used to facilitate shaping can be added.
These addinanvpatichycament; tlseamount of nanoptactclas eddeditd thetreactson griapiret e,
starch, nethyl cellul ose, bentoni te, pol yet hyl ene gl ycol s,ggol mt hyl ene

oxi des, ons piotenabbslass hanoabaut konwt. %o, vgIto the totakamennt esmstalgesed,i ¢ may

be desirabl dd acids .such as nitric acid prior to the shaping step to
pepti ze tﬁ@ﬁgﬁ%ﬁ&ﬁﬁn&%@d‘?’f}%%cr ease the nmechanical strength of the

extrudates. [00100]1f the shaping conprises extrusion, beading and/or
spray-dryi[0@66]i t i $n thefdloveig petfetrbeé psdeess egnditiopsidaringrtheed out in the
presence of a.liquid, such as water. Preferably, for_ extrusion and/or
beadi ng, cREbIAINR obthe Mgial gompoprds an ,&h%&wbﬁmﬁné), re@ﬁspwg@d"vﬁg{)m is
in the rar&ggcrﬁi bout 20 to about 80% [00101]If so desired, coaxi al
extrusion e)ﬁof the above materials with

a) Combination of the Metal Compounds:

[0067] The process conditions during the combination of the metal
compounds generally are not critical. It is possible to add all compounds at
ambient temperature at their natural pH (if a suspension or solution is applied).
Generally, it is preferred to keep the temperature of the added metal compounds
below the atmospheric boiling point of the reaction mixture to ensure easy and
safe handling of the compounds during the addition. However, if desired,
temperatures above the atmospheric boiling point of the reaction mixture or
different pH values may be applied. If the reaction step is carried out at

increased temperature, the suspensions and optionally solutions which are added
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the bul k netal particles, optionally conprising any of the above materials,
may be applied. More in particular, two m xtures can be co-extruded, in
whi ch caswoth@/tsi7k netal particles optionally conprisi rgTaisgoosioi1i2ee above
materials are present in the inner extrusion nmediumwhile any of the above
materials wthout the bulk netal particles is present in the outer

extrusi on nmedium or vice versa. Process Step (iv) [00102] After an opti onal
dryi ng st ap th®teictibalhixtaleoyeherbldy tard B0 pre-heatedes wnt inogaséd penipdratuite

catal yst conposition may be thermally treated if desired. A thernal

t r eat ment ,whisheasrbe ¢quahta thesreeatipmitempenafirepr ocess of the invention. A
"thermal treatnent” according to the present invention refers to a

t r eat ment rme i RS bout -
600C, preflogosly ¢ AShadbodd @ggﬁﬁgégggﬁe,%@%ﬁid%@? or ef err%g?f/h%%ut 250C
to about 4%dpounds cantals®Ebe aantieddodtrwhil@blreidy combineianotal 48nipowndsi N an
inert gas such as nitrogen, or in an oxygen-containing gas, such as air or
pure oxyganactTish each ottiert Incthisrease, thencammbinationad themeatal earappundseansk of
wat er stea %00.103 In ?II t.he ahove {ir?cess teEs t he amount of |iquid
must be cdRE Feaction thoyeol @verap gndconsiimiied Siee PRCSSHFIEP at al yst
conposition to spray- drying, the anount of liquid is too | ow, additional
liquid nuy) ReaevilsleStepConversely where, prior to extrusion of the bulk
catal yst conposition, the anount of liquid is too high, the anmount of

1Ty a1 on00R | RSO o3 bk Toiifed Ry EReRligBal GEORGBRES LA, 0
materi al qRﬂ?&g@g@@ & Raitiah e&a&domg Whestihate r@actionss iAdidaRdtwnt . For

all the abov steps, it is w n the scope of the skilled person

t o cont r olsigriut changest [w&omieqaises, apisralso pessibly.to Pnotitsrsth8tregetion byl 001041 The
process of the present invention may further conprise a sulfidation step.

Sul fi dat i snoiserangrhynges inihe pEhobihe sgctiommastured urterpthecamplgteness
ticl , i tl. ft t hei ti .af t.er. f.
s (1) 1§ Fedgiibntanin minionR 6 X-Aey dmabuf Shis LS iR =
o h At . . . .
sul Tur Xﬂéfé;!,kg%i?g i&ihggﬂﬁn&tgaﬁﬁrfgwﬁuﬂd StthilysO&orh bn oFth® iSRRIt onO"

i norgani c po S idation Step can be carried out 1n the
liquid and the gaseous phase. The sul fidation can be carried out subsequent

to the prdBa78k i on Ruringand(pk afisr thejseddibapothetnetal sompernds tagstherep (i)
d/ b t to st i) b ior tQ.st i | / b tt
Step (i 1) B U5 patchedliERe prrEb G Alay SRl nenerarfboci AR or Dor

to step ('aV&er?a'i‘H/té}ﬁgéﬂdHﬁ%%PH el i8dUainé td hlloW theSetfrlld 8ke . tﬂr}g

sulfidation 1s not carried out prior to any process step by I

obt ai ned neaciomsiehipedature &vpreferablyt inethe rangelof ab&udl? toraboas 3060t€pmose e,
e.g., a thernal treatnent or sp;}e‘l)y-dryi ng or any other high-tenperature
t r eat nent prefesahlyiabeubdf® tmalkeuta3005 Ly cpvenaoarepisifengbht abap e do about

Sl ool b RRER AR R B aiRE o
01 OET CO Bk TR Rl R GHRE ARt o o1t

met hods ampgoedss!gdeadrallydigrcatied oar it fthrRphéres pressutd. IAtIvieahisatempratard)e
carried out prior to these nethods. ) )
the reaction generally is carried out at increased pressure, preferably in an

autoclave and / or static mixer.

[0071] Typically, the mixture is kept at its natural pH during the reaction
step; said pH is preferably in the range of about 0 to about 12, more preferably in
the range of about 1 to about 10, and even more preferably in the range of about

3 to about 8. As has been set out above, it is preferred that the pH and the
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WO 2009/ 073177PCT/ US2008/ 013289 [00105]If the bul k catal yst conposition is
used in fixed bed processes, the sulfidation preferably is carried out
subsequenwvotoo%digi7shapi ng step and, if applied, subseguent/useoosies2Bast
thermal treatnment in an oxidizing atnosphere. [00106] The sul fidation can
generally be carried out in situ and/or ex situ. Preferably, the
sulfidation is carried out ex situ, i.e. the sulfidation is carried out in

a separ at eempefdtfe dreichosé®in Siecksawaydhalt motl A1l thetrabiadd areadipslved dorihgi ng
| oaded into the hydroprocessing unit. Furthernore, it is preferred that the

bul k cat althetreastiopstén.i on is sul fided both ex situ and in situ. [00107] A
preferred process of the present invention conprises the follow ng

. ! ! o
bove, st GPOTEETLE THeaRachon BRRERiay I e et OFRO UBPRANRA sEReifscr oo

bi nder, splagy ddpsmdieigionetheasadtiomebute bhosent banwill geatiallycanke feoth about
extrusion, drying, calcining and sul fiding. Another preferred process
enbodi nent] mamypeite abouht00 bbhrswim thesprosesswherein epleast opg epthe mgtal he bul k

metal particles as.described ahove, isol ati .th arti.cles via filtration,
wet i xi ngoRHIONds it At EarPatly nahéseid state duips thereactiphadrelerehliadi ng,

ext rusi on, i Y i.dl I OF
TE | nvenrPORY | Bep B aRom S0nGRS, Btk prbiskblT bt Te Ho SPNBHE giet,
conposi ti eRoRYrefdtablyeatit (10 oaibowe 28 doutd edimvre peseratty absuabs houthe
invention pertains t0 a bul k catal yst conposition obtainable by process
step (A) dodbopt2Hhalisy Asnisasdbeemmmentidnqgel ahoes thet mgastién time deperdissar i bed
above. [00109]In a preferred enbodi nent, the invention pertains to a bulk
cat al yst d¢berffdBPEIABHCODt ai nabl e by the above-described process wherein the
nor phol ogy of the netal conpound(s) which are at |east partly in the solid

state durifpg73pe pPrORasheirsadtIRéteplifineceRany, @é Solid ciin bbgepatatedBbA ySt
conposition. This retention of norphology is described in detail under the
headi ng " Pnygqeetic diquidthat meayeramainwsing, dor example filtration. The process of

the present invention can be carried out both as a batch process and as a

continuous process.
(B) Subsequent Process Steps

[0074] It is noted that the bulk metal particles resulting from the process
described above under (A) are metal oxide particles Following the process
described above under (A), the bulk metal particles may be subjected to one or
more of the following process steps before being used in hydroprocessing

processes:

(i) compositing with further materials selected from the group of
binder materials, binder precursor materials, conventional
hydroprocessing catalysts, cracking compounds, phosphorus-
containing compounds, boron-containing compounds, silicon-
containing compounds, fluorine-containing compounds,
additional transition metals, rare earth metals or mixtures

thereof,
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(a) Oxidic Bulk catalyst conposition [00110] Furthernore, the invention
pertains to a bul k catal yst conposition conprising bulk nmetal particles
whi ch compoi2e@/@s17meast one G oup VIII non-noble netal aod/uskodsaAaBs one
Goup VIB netal, wherein the netals are present in the bul k catal yst
conposition in their oxidic state, and wherein the characteristic full
w dth at half maxi num does not exceed 2.5 when the Goup VIB netal is

mol ybdenum tungst ¢ii) spragrdryied, i(Aaslof diyiig hoidhing) laredding) ghirey-mixing,
conbi nati on of nol ybdenum tungsten and chrom um or does not exceed 4.0

when the Group VI B net dty pswat ouinisigaar icombanatiansythdeaedm and chronmi um or a
conbi nation of tungsten and chrom um [00111] As descri bed under the heading
"characterization sosthe characteristic full width at half maxi num

@t h .
i s deternined on the bas) sm%’f t he peak | ocated at 20=53.9 (1.0) (when the

G oup VIB netal is nolybdenum_ tungsten, a conbination of nol ybdenum and
tungsten or a conbiivat ABringrndmrihesnally treatggtand and chronium or at
20=63.5 (0.6) (when the Group VIB netal is a conbination of nolybdenum and
chrom um or a conbiyat y@Fddhg.t ungsten and chrom um) [00112] Preferably, the
characteristic full wdth at” half maxi rum does not exceed 2.2, nore

preferably 2.0, sti nore preferably. 1.8, a nost preferably, it does not
Pcead 1. FhHisingef t&%ﬁ@rwsﬁﬁ 36P5PS [ tﬂﬁﬂﬁﬁ&ﬂﬁaﬁw@ﬁﬁ&a Vi isBRbRnat i on
of nol ybd i ' f u en and
chr om um S CRBAE R TSt Plodhsds SRTRRRAIRY B e AR bl LT

pr ef er abl yrhés® praeds sps vallHecéghhaned il moreatetail tn @fe?fb@loWiﬁgﬂEt al is a
conbi nati on of " nol ybdenum and chrom um or a conbinati on of tTungsten and
chrom um 001 lPr. ferably, the X-ray diffraction pattern shows peaks at
the positi S 29 (0.6), 38.7 (0.6), 40.8 (0.7), 53.9 (1.0) and 64.5

(1.2) when the G oup VIB netals include tungsten. A typical X-ray

di ffracti geOTS]t t er The@forem@itidnedfusthet abmpysitingf mhfegialswanbé perfoaradri si ng
tungsten is shown in Figure 1. [00114jFromthe characteristic full wdth at

hal f naxi atipbiralifeobstages duiing thepegpasatiaoebibiei hull metak parbiglasr esent
invention, it can be deduced .t hat e.mcrostructure of the tal yst of the
b esent 1 HBHEEbEREAL edgiathot REmessnaeupiaon fon s iie b Yoar od vi
co- preci pk ' ' ' t : ARplii: '
P! oot PRy R ol 0L Pl e

that the Group VIB, Group VIII non-noble metal compounds and the

nanoparticles are combined and preferably at least partly reacted to bulk metal

particles before being combined with these further materials.

[0076] These materials can be added in the dry state, either thermally
treated or not, in the wetted and/or suspended state and/or as a solution. They
may be added prior to any step (ii) and / or during and / or subsequent to any
step (ii) but preferably prior to a final shaping step (iii). Further additives may be
added, for example by impregnation, after shaping (these are not referred to as

further compositing materials)

[0077] Preferably, the material is added subsequent to the preparation of the
bulk metal particles and prior to spray-drying or any alternative technique, or, if
spray-drying or the alternative techniques are not applied, prior to shaping.
Optionally, the bulk metal particles prepared as described above can be

subjected to a solid-liquid separation before being composited with the material.
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[ 00115] The X-ray diffraction pattern of the bulk nmetal particles preferably
does not contain any peaks characteristic of the netal conpounds to be
reacted. Wb2oeousey if desired, it is also possible to ehvaseoshes289ount s
of netal compounds in such a way as to obtain bulk netal particles
characterized by an X-ray diffraction pattern still conprising one or nore
peaks characteristic to at | east one of these netal conmpounds. If, e.g., a
hi gh amumft&fsdlideligridadepadtiva ogtivhalty) dWa@l’iin%%eqfi cqipbé included. Furthet, d
state during the process of the invention is added, or if this netal
conpound iitsisgadsidlé to theemialblytrast theabylls catalystapdrtiakes gdter iapl aptionghsolid-anount s
of this netal , conpound y, be traced.in the, X;sray diffractjon,pattern of
the resul digyd penaration anngﬁéymigcﬁt%?nq PHPE K] it be %quailfedi Wﬂhégﬁup VIB to
G oup VIII %gﬂé]?obl e netals generally ranges fromabout 10:1 to about 1:10
and prefern%t y fromabout 3:1 to about 1:3. In the case of a core-shell
structured particle, these ratios of course apply to the netals contained
in the sh¢0078]The dImillghofabore-des¢ribadprocersoalferna@yveretlag terio one anot her

on- nobl & "HERRPSiTEhp ki mathl SAUELE B 8 THOFYBUEATRAL HhDelatitl f o
' the. r angaed O G eaF pali\ieq S Vg Vils AR APE CORTSIARIY | Cou

1: 9, nost npikel evaR] @??%r@él dohedlahé plesénce ¥Oa liquid ("wet mixing"). _
2009/ 073177PCT/ US2008/ 013289 [00117] The bul k netal particles may conprise

only one @hisipmpidvies ey mevhbhahstrengthod the Fipabbelk@atalyst¢@npesitibnconpound.
In this enbodi ment, preferred binmetallic conbinations conprise

ni ckel -tu n, c?p@ - i ckel - ‘-,‘q@]! ybdenum
nore pref Emsﬁy, nic eﬁtb%étﬂl%? gﬁha% 'ﬁ%ﬁ‘%%*%ﬁﬁ%? %q P %g?‘fq%%:l es may
however e@iusddrimstefial hsd ofind 2 potatingsdifi@maldrial dugihghb peeparatidn 66nMpound
and at least two G oup VIB netal compounds. Suitable G oup VIB netals

i ncl ude cihobulknmetadppiticlesitgads to hulleeatalyst adomposicions lof pacticulaxly high

conbi nati on of polybdenum and fungsten being nost, preferred. Suitaple G oup
VIIT non- 8 n}?@i airengtie n particy ,l%ﬁmrifh,a%mwae,%? Ofﬁh&d‘mlggn?tﬁ r eof ,

pr ef er abl | angl/ 0 ~aBr.ef ' ' S

Pompri of ngafidEEls Ae SndoRRat el Hoft 031, RofCARPABLOR Bast gD |
and tungstam, RbstGReRirhbly ! ¥R eaBbi 2@nd bt pRFERBlY AoC@brati@ctaboutt he bul k
nmetal particles of the invention. [0011@] Preferably, the oxidic bulk netal

parti cl es 50060pmi, seateiprefdrably fotlrkore than about 1000pum, even more preferably

not more than about 500um, and most preferably not more than about 150pm.
Even more preferably, the median particle diameter lies in the range of about 1

to about 150um and most preferably in the range of about 2 to about 150pm.

[0080] The compositing of the bulk metal particles with the material results
in bulk metal particles embedded in this material or vice versa. Normally, the
morphology of the bulk metal particles is essentially maintained in the resulting

bulk catalyst composition.

[0081] As stated above, the material may be selected from the group
consisting of binder materials, binder precursor materials, conventional
hydroprocessing catalysts, cracking compounds, phosphorus-containing
compounds, boron-containing compounds, silicon-containing compounds,

fluorine-containing compounds, additional transition metals, rare earth metals or
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catal yst conpositions have a B.E. T. surface area of at |east about 10 n2/g,
nore preferably of at |east about 50 nR/g, and nost preferably of at | east
about 80 w0/2g¢9/@s1measured via the B.E T. method. [0012@rirfusdessionizs? he
preparation of the bulk nmetal particles none of the above (further)
materials, such as a binder material, a cracking conpound or a conventi onal
hydr opr ocessi ng catal yst, have been added, the bulk catal yst particles wll

conpri se ahpithre3ThéofbindeP nintedial, Focohvéitionnl WyBreprdcédsingpcathlyist,ron- nobl e
nmetals. If any of the above materials have been added during the

pr epar at i aracKingeompoundpor mixpues thereof, Thiess mait¢rials willl bepdesceibad iy

conpri se great/gr Ilrﬁ%g) about 50 wt. % and nore preferably greater than
about 70 WROregepiligtOWy oup VIB and Group VII1 non-nobl e netals, calcul ated
as oxi des and based on the total weight of the bulk netal particles, the

bal ance be[i0082pny Ofhd biadabmeateriEinto dboa@plitd mdiebg anpheateddls. The anount of
Goup VIB and Group VIII non-noble netals can be determ ned via TEM EDX,
SEM EDX, Amventpnaltyiapplisd apbinders ihy dsoptsiceasing estadysts.Hexamples #seiol ogi es.

TEM and SEMLEDX..is used to determ ne congen ratlons on,.nanonet er, or.

m cr omet erSided sdicaalymipg, ﬁ‘@g aér‘iémb’ﬁpkoﬂétsﬁ cfsa %’@fQﬁlf*?ﬁ'thg&dfaalHnﬁﬁ?e

di t v . . i i i - 50%
Sbove 1) SR ARimibdEQRRASINGE Wiy KUY GREUG RIERfte, of BOBHRST D0

25 nm  norgapiagtitimilcpardailimind, Zirdeaid, hidratalcieed orafiktupestiRredt y about 5
to about 15 nm (determ ned by N2 adsorption). [00122] The total pore vol une

of the oxiRtieferbed kindetssdrepalicd, silem-guafina,ailming titaniagtitaniaicoatedo. 0' 5 nl / g,

nore preferably at |east abouyt 0.1 nl/g, ,and t preferably greater than
about 0. 2 AHMENHFIEENE flwn@unwyommléawm : Fl@@ﬁ Hyders may REABRIPY: hat

the pore sjz i St I ' the bulk netal particles is simlar to that
of conventqsosglgﬁ (ﬁfﬁegﬁ%g@gastgnng catal ysts. Mre particularly, the bulk
metal particles preferably have a nedian pore dianeter of about 3 to about
25 nm as [0083} m ndtiisalsepossiblertoateqrpeursors of thesebinderswhisth durang the 05 t o

bout 5 m /g, . ef bl f ab .0.05 t bout 4 m /g, il
e e e
t bout ] i i : th ,
R T s

range of &inH&3sivatee WhsstdBPlaiRIsflidH BihdeAbh niktureFHlkAbaistallpm nost
preferably at [east about 21.un, but preferably not nore than about

5000p. m raumipates endiplagemglasn@o obtdiarn sibcaralumtdindeycaluminaimr ef er abl y
500pm and st _preferab) ngﬁ nopr.e taﬁgﬁabout 150gm

Eetenmngsetcgﬁgﬂ‘gg’ggly@wl%@ 16, YmminmRiLELs, @luminivm Crhge of
igggﬁn 1t ong&Léts tl]iér%B'E] and nost preferably in the range of about 2 to about
[0084] If desired, the binder material may be composited with a Group VIB
metal-containing compound and/or a Group VIII non-noble metal-containing
compound, prior to being composited with the bulk metal particles and/or prior
to being added during the preparation thereof. Compositing the binder material
with any of these metal-containing compounds may be carried out by
impregnation of the binder with these materials. Suitable impregnation
techniques are known to the person skilled in the art. If the binder needs to be
peptized, it is also possible to carry out the peptization in the presence of Group

VIB and/or Group VIII non-noble metal containing compounds.
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[ 00125] As has been nentioned above, if so desired, it is possible to
prepare core-shell structured bulk netal particles using the process of the
i nventi orwolzno%diese particles, at |east one of the netalPSTiUS2008/013289

ani sotropically distributed in the bulk netal particles. The concentration
of a netal, the netal conpound of which is at least partly in the solid
state during the process of the invention, generally is higher in the inner

part, i.e.[0085f con€ahiminAds ubédhs biider, it durfase hred ethetdbamina) t he out er

part, i.e. the shell of the final bulk netal partjicles. Generally, the
concent r atgeonrably li¢s in thetrangé af abeutsi{eto absfut 600 mi/gandmreferablyaboptrti cl es
is at nost,_about 95% and, in nost cases at abgut % of th

concent ratlioﬁﬁo@ﬁ’opﬁf‘égr?gzt/ &35 Weﬁ%eﬁe/éﬁsﬁrﬁt rf‘F&‘éﬂd' &3??9%W8F“’B%Pf icles.
Furt her, i ] 4R i i

appl i od i i ATLRGHEREHE s ifimd BeRBrabolt 03 SRt TYBIN RS R Arod

ani sot rODiBS)aﬁih&Sﬁ@h 2dsbiptiond BeforehBie icharictdtidakiofiRifahe BRIThinGl @Sis tiérhsally
particularly, the concentration of this netal in the core of the final bulk

met al par tticatabatgdl0Cafdryl heud. ower than the concentration of this netal in
the shell. Still nore particularly, the concentration of this netal in the

core of t qnal i i t 9 requently
at nost a gg& 0% g?lgd{% 5%%?1&%{% %n(ti)ésrﬁh g%guft(%%%ﬁqg@q ﬁgﬁgé)gggerﬁsfdgﬂpén of this
netal in tihgertRl has lebs oatalytieeadiiti§khafi dhe biikk Mt astecies bbad canilp@é r opi ¢
metal distributions, if any, can be found in the bul k catal yst conposition

of the inwaetivityat alr Eopeequentlypby wddirigea birfder imdteriakthe getivigpoptsi bulkn has

b th [ 1y t t d/ lfid In th h hel |

Qoner al |y GRS COmRIBTR IS bitiiced TuthBTehessdden BOILET Though t he
b . . o . ! I H

sbove o b E88 ol ot HEHRI AR e AGTRHLAPLaLABN U5k ol e

gener al | y jlle cAaRY BR(63Itiord THeké f3pd, 8He hthdune 0P BikdeFehatkriRP{d b&hdded Thi s
enbodi nent generdlly is preferred. [§0127] Preferably, the bul k catal yst

conposi t i an tilprddessaf the inveptions generaliyidepbhds b thiedesietdeadtnlity Swd/orbl e
bi nder materjals preferably are those descri bed above. The g%i cles
gener al | y dgsised msshanical strengthinfihe finghbulk; eatalysheamnpesition; %s a glue to

ol e BT i RIS 5V 2 B PR S DRIV
to an I nCr&?ﬁg&iggﬁﬁ-ﬁ@gﬁ%ssa?%ﬂ%ﬁf&l?tj@ﬁp%l'i‘@atfdnr.‘ﬂqx@é‘s‘éﬁ ﬁﬁ%aﬁéﬁ%%aﬁtﬁgg%z'mt ICan'

General ly, conposition of the invention has a

strengt h, th«pssaitiggduassuallychigh astivity rofh bulkofetil paetacles abthd preserfts/ nm and
preferably of at |east about 3 | bs/mm (nmeasured on extrudates with a

di anet er aRventipnyhe byglep sprratsieobmaddsd genegelly aepinide rangepf abeytal on t he

about 05 18 “DoRDTS bt o the ol B RSk 8l apchl £ %6 48BN By 80" e ©
envi saged xﬁ%ﬁl%fér&b@p&ﬂd 3L Ubout BYRME Y, é\ﬂéntrﬁﬁlge %‘ri‘fék%%g@o&ft F{oe

unusual | y activity of the conposition of t esent” 1 nvention, the

bi nder anabouis2@evie?sldnd most prefdérablyr sboge 4ab dbouo 12bvads. 75 wt. % of the
total conposition, preferably O to about 50 wt.% nore preferably 0 to

Compri s 20081 2o el gL Bish o Wb GG E bR TR aliot e

B of or abl ¥ T o B TS LB ROt

wei ght of debelfimizdtiorg haidysdeniwopasitiongor hydrocracking catalysts. These
catalysts can be added in the used, regenerated, fresh, or sulfided state. If
desired, the conventional hydroprocessing catalyst may be milled or treated in

any other conventional way before being applied in the process of the invention.

[0088] The bulk metal particles of the present invention may also be

combined with cracking components. A cracking compound according to the
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[ 00130] Mbreover, the bul k catal yst conposition may conpri se conventi onal
hydr opr ocessi ng catal ysts. The conventi onal hydroprocessing catal yst
gener al | ywoanpri7sgs any of the above-descri bed bi nder neCenisaéos/oazrdo
cracki ng conmpounds. The hydrogenation netals of the conventional

hydr opr ocessi ng catal yst generally conprise Goup V1B and G oup VIII
non-nobl e netal s such as conbi nati ons of nickel or cobalt w th nol ybdenum
or tungst gfreséitiihaditiorcdmmgnidmeationyidirackingessnpuanmipdiehysstcationdd cldgs,
hydrotreating or hydrocracking catalysts. These catal ysts can be in the
used, regemdonicadays, cesttallioe cradking eampoands spcdoaszedites.leg ndPM-5t he bul k
cat al yst conppositiaqn nprj.se_a r teri which.is

convent i or{é‘ﬁrtlrf) S&ﬁ?@&?ﬁ%ﬁ%&?hﬁ%o&sﬁ%%@%@%bw%%mhws

onvent i ord Y S BoesdiGy S _
Si T+ bon cPeRHE g RARALA %5 s kA Al fRg, & AbAS-SUBRME R wil be glear

transiti onhapécthé mdtefiflseaay Actdi Finder Mid latkitigeSorhpuPht Hetsastime.
respect of these further materials are given above. The transition or rare

eart h met & or igstaacel dilicarliminageay have alteacking and fadvindinigefunction latithe

catal yst conmposition has been thermally treated in an oxidi zi ng at nosphere
and/ or in S3A Y% | ded form when the bul k catal yst conposition has been
sul fided. [00132] To obtain bul k catal yst conpositions with high mechani cal

strength, [0089RY bafdesirédlhe cfavkiﬁ%wmhgbhn@@n@l V& EofPapiRed Withha Grotipe
invention to have a | ow nacroporosity. Preferably, |ess than about 30% of
t he pore VYIBimectafandier bitoupaV HI pen-nobhpowitalipriorite teing compositedwath

di anet er hjgher, t han abqut 100 nm (determ ned by nercury jntrusion, contact
angl e: 1sdby,bu ety Raceles) (ompositingaihe o5 mg@%nq%'@ﬂgﬁqtﬁﬁemﬁ %€ bul k

cat al yst |t t ! I } r al j ut 10
o about 106e iyt ine REnPbFRTehSS bt Y AREEHE oSG AFESERTCr ol
about 45 tigagbawt 100 wt. % and nost preferably about 65 to about 100 wt. %
of Goup VIB and Group VIIl non-noble netals, based on the total weight of

he bul k ition, | d I ides. [0013 [

ot ed t hatlOWIBL: al JAPGEAUse SPEIds < BismasaetirealalanF RPUFIIPTEOOMS I B and
G VI - [ |.umi ' d i bed i
37 0000007 A GLEE BaBE KA Rl SRToH St 88 ol el bl chas 2

nor phol ogkdm;%&mdssimwisea&led. A EhRtANhe brRRINDESmPbuhd e Pref&ably

i nvention. (b) Sul tided Bulk catal yst conposition
added if the resulting composition is to be applied in hydrocracking. Other
cracking compounds such as silica-alumina or cationic clays are preferably
added if the final bulk catalyst composition is to be used in hydrotreating
applications or mild hydrocracking. The amount of cracking material which is
added depends on the desired activity of the final composition and the
application envisaged, and thus may vary from 0 to about 90 wt. %, based on the

total weight of the bulk catalyst composition.

[0091] Phosphorus-containing compounds that may be combined with the
bulk metal particles include ammonium phosphate, phosphoric acid or organic
phosphorus-containing compounds. Phosphorus-containing compounds can be
added prior to the shaping step and / or subsequent to the shaping step. If the
binder material needs to be peptized, phosphorus-containing compounds can also

be used for peptization. For instance, an alumina binder can be peptized by being
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[00135]If so desired, the bulk catal yst conposition of the present

I nvention can be sul fided. Consequently, the present invention further
pertai ns wo 2a09aBk7cat al yst conposition conprising sul fipdirwsheosio13zee al
particles which conprise at |east one Goup VIII non-noble netal and at
| east one G oup VIB netal and wherein the degree of sulfidation under
conditions of use does not exceed about 90% WD

2009/ 0731 ¢oRfabtddSaahopKbkpRBHA @RI 3P With avliktube of bhespHdriat adid @ndhmitréc
sul fided bul k catal yst conposition may conprise any of the above-descri bed

(further) agid.erials. [00137] The present invention further pertains to a
shaped and sul fided bul k catal yst conposition conprising (i) sulfidic bulk

metal parljpghep acomrbﬁgbgltgﬁ%@an@pg@&s that a3 (ARGidedWRA Yhe bufion- nobl e

metal and st two u erern egree of sulfidation

under conghétabpartielestineludiedsorivoacidor drterapolyt cditfownds ¢f boroa wigheri al
sel ected fromthe group of binder materials, conventional hydroprocessing

cat al yst s, mekyhdrnuny anshipoingstenoA fiqring-esntaiing somp@ondpt mays essent i al
that the de reﬁ gf sul.f.i dation of ﬂt he Sub{jlia'diﬁﬁ»'gm k nmetal. particl es, under
condi t i ondyBrcally betsed issmmaonivayflngrde. bypicaliipen-gopiaining comapounds ¢
sul fidati bt 1.0 L Shh ]1‘@&9{1 about
90% nor e%g? g‘?‘l g&a%ﬁ%]gmdgb%%t ﬁ%@@ﬁ@f.lg@%% llé%gﬁ;&glﬁgqﬁgé pr e#) %ﬁ%ﬁt@ of about
40 to aboujli@ivithifoNddes8miind?ot fun@stenOFutthef] €ogipuiRld sash@escri bed under
t he headi ng "characterizati on nethods."

fluorosilicic acid, fluoroboric acid, difluorophosphoric acid or

hexafluorophosphoric acid may be applied if a combination of F with Si, B and

P, respectively, is desired.

[0093] Suitable additional transition metals are, e.g., rhenium, manganese,
ruthenium, rhodium, iridium, chromium, vanadium, iron, platinum, palladium,
titanium, zirconium, niobium, cobalt, nickel, molybdenum, or tungsten. These
metals can be added at any stage of the process of the present invention prior to
the shaping step. Apart from adding these metals during the process of the
invention, it is also possible to composite the final bulk catalyst composition
therewith. Thus it is possible to impregnate the final bulk catalyst composition

with an impregnation solution comprising any of these metals.

Process Step (ii)

[0094] The bulk metal particles optionally comprising any of the above
(further) materials can be subjected to spray-drying, (flash) drying, milling,

kneading, slurry-mixing, dry or wet mixing, or combinations thereof, with a
combination of wet mixing and kneading or slurry mixing and spray-drying

being preferred.

[0095] These techniques can be applied either before or after any of the
above (further) materials are added (if at all), after solid-liquid separation, before

or after a thermal treatment, and subsequent to re-wetting.
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[00139]If conventional sulfidation techniques are applied in the process of
the present invention, the degree of sulfidation of the sulfidic bulk netal
particl eswproavo7so7use is essentially identical to the ®€gUSe00sn13289

sul fidation under conditions of use. However, if very specific sulfidation
techni ques are applied, it mght be that the degree of sulfidation prior to
the use of the catalyst is higher than during the use thereof, as during
use part of the sulfides or elenental sulfur is renmoved fromthe catalyst.
In this cd0896he ddyefasably, the bulkanetehpariclescarghoth gamposied wathyany ff use
of the cat and  not

| yst prior.thereto. Thg.conditions .of use. are. those
descri bed tBEPBAYS Matfiaals AagdsubiecteetoinnEine Aoy e miRben At ispelietAd;  ne
catal yst if.( C L& S&a Lt o _tajr%:] e t hese
conditi onstﬁ?towgﬁ@y &g%ﬁ ngﬁi é(;gno@}é e‘ﬁ%sﬁg@gﬁg?&?ﬁﬁ“‘?a?% ;é*l to ?égf(l:i&)
equi | i bri tm‘]\/iﬂgt, Imnilllissg, @RAHIN) sRitH-hARIR) dry e Wet @hiking, orfosmbiaatipnsef er r ed
that the bulk catal yst conposition of the present invention is essentially
free of Gthemeof)the degreenabinéxingtbetwdens thef bullkanetabpartichespand anyuphithe t he

G oup VIII non-noble netals are pr.eferabl resent ag (G oup Vil on- nobl e
met aByS", AROVA I&atﬁrlsléilﬁgmfpﬁwqﬁieﬁ%aapl&s RHGES BNETS hepalsrial e (!?3‘141] The

shaped an fi I.¢l es LEF: es.

Sur {abl o dsipiects RN GRaRel Bl BRlafofi sy EHAE HBOL AR

asymet ri qIpReyEORSS gehefallyysrefétfd {0 add MROmateRil Ph@b@@ stePaii) Eithe
resulting fromextrusion, beading or pilling usually have a dianmeter in the

range of ahatetriaDisaddedainbsequicht torstepr(di)s theiresulingtcompdsevers preiferably ishe
range of about 0.5 to about 20 nm _Particles resulting from spray-drying
gener al | y thexeughlyatixed by anyi conventionalitechnigue priof 5,88y SrthgfpRocessym t o

b 00 00142 i he: bi nd eri al '
Do oS R Sha R, S e L A wis SRR,
material s sﬁ%}gi’iﬁ'e{re%téiﬁ@d ARAThE ﬁé@g,:;iagg i§hfplied/en above. Further, details

in respect of the Goup VIIl non-noble nmetals and the G oup VIB netal s

contained in the sulfided bul k catalyst coppositions, and the amunis
t her eof arl@08¥)en ai%%-.drymltxmqailw i§ capiedoutatan outlet deraperatyne 1§tt£“t?|ct ure

by sul 1 adengnor pobuc TS athofit Y Gl ok Tem T RARIIZAP b BB LT OV e
co

nprise this core-shell structure. [00144]1t is further noted that the
sul fi ded dA098) st s Ruyemiinganeanspaitihg the bulk metal particles in the dry state

with any of the above materials in the dry state. Wet mixing generally comprises
mixing the wet filter cake comprising the bulk metal particles and optionally any
of the above materials as powders or wet filter cake to form a homogenous paste

thereof.

Process Step (iii)

[0099] If so desired, the bulk catalyst optionally comprising any of the
above (further) materials may be shaped optionally after step (ii) having been
applied. Shaping comprises extrusion, pelletizing, beading and/or spray-drying.
It must be noted that if the bulk catalyst composition is to be applied in slurry-
type reactors, fluidized beds, moving beds, or expanded beds, generally spray-
drying or beading is applied. For fixed bed or ebullating bed applications,
generally the bulk catalyst composition is extruded, pelletized and/or beaded. In

the latter case, at any stage prior to or during the shaping step, any additives
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crystalline materials, i.e., the X-ray diffraction pattern of the sulfided

bul k nmetal particles generally conprises several crystalline peaks

char act erwet2o@/a76177he Group VII1 non-nobl e netal and G eap/Usk@smei2ad

sul fides. WD 2009/ 073177PCT/ US2008/ 013289 [00145] As for the oxidic bulk

catal yst conposition, preferably, |ess than about 30% of the pore vol une of

the sulfidic bulk catal yst conposition is in pores with a dianeter higher

t han aboutwHiefl anercoaeémticnaligcuded todhcilitate shapingican becaddedc Thasg! e: 1300) ,

more preferably | ess than about 20% [00146] Generally, the median particle

di anet er s agditives may codipriseuluminium stearate, suskactanss, igtaphiie starch, mg gi ven

above for tDe oxi di ¢ bul k tal particles. USE ACCORDI NG TO THE | NVENTI ON

[ 00147] Theeliasechestopds. RnBauETHY oS opobRIIENs REdem i ReSS

parti cul ar, (o] : i carhon . :
tb?;!repﬁ.?ﬁijthér {vhlg)ﬁdarlﬁ’lﬁlgl?éégsﬁfseﬁ% i r?%( b&?jﬁgﬁﬁﬂ%kﬁ add acids

Accor di ngl I'nvehtion re 0 a process roprocessing a

hydr ocar bgich @S #strRcacid paiod to ltlﬁ@ﬁﬁﬁ:iﬁ%) Biepitd iﬁé?tiﬁ@ fMesluinitia andite iac@ason

f eedst ock under hydroprocessing conditions with a catal yst conposition
conpr i si nghouidchapical stremgthaifabe ektrudatespri se at | east one G oup VII|
non-nobl e netal, at |east one Goup VIB netal and nanoparticles. [00148] The

cat al yst | ti | ] ' i q I L bt |y

a1 hydr op POROAL | AP UREARME BohiBrisOf ckiNKARh, BAMREE aRBlcH SRty Arpihd ¥

wi de- r angipreferRaicthhotheCshagind step is vaiticdsout epies piesesce of afliqaid, 5u6htae 450C,

hydr ogen pressures of from5 to 1200 bar, preferably bel ow 300 bars, liquid
hourly spacatendrofirablys farf extrusion and/or beadingdtheramoynatr ofgléquidrindbe gas r at es

of from about, 18 to about 180 /8. (100 to 10,000 SCF/ B). Th rm
hydroprocesgéplﬁ’@ TMSOHRS, SXPFRSSEOAT bl it inctHe SaRGR BB @M?@%all
processes in which a hydrocarbon feedstock is reacted with hydrogen at the

t enper at ur@e1@Iyd PrIESS desised)Woasliat Rirbsioarut anyodfutle ABoky diatgaaBtwith,
hydr odesul furi zati on, hydrodenitrogenation, hydrodenetallization,

hydr odear dhebiulkamictal panelesi epsinnallyaaonaprising any dd\ths ahgye matetdals samayng,

i of 1 Sl g A Brdroerack ng.c FOOLARITNG 6ot el el SRR P
the bulk metal particles optionally comprising any of the above materials are
present in the inner extrusion medium while any of the above materials without

the bulk metal particles is present in the outer extrusion medium or vice versa.

Process Step (iv)

[00102]  After an optional drying step, preferably above about 100°C, the
resulting shaped bulk catalyst composition may be thermally treated if desired. A
thermal treatment, however, is not essential to the process of the invention. A
"thermal treatment" according to the present invention refers to a treatment
performed at a temperature of, e.g., from about 100° to about 600°C, preferably
from about 200° to about 550°C, more preferably about 250°C to about 450°C,
for a time varying from about 0.5 to about 48 hours in an inert gas such as
nitrogen, or in an oxygen-containing gas, such as air or pure oxygen. The

thermal treatment can be carried out in the presence of water steam.

[00103] In all the above process steps the amount of liquid must be

controlled. Where, prior to subjecting the bulk catalyst composition to spray-
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t he renoval of nitrogen and sul fur froma hydrocarbon feed. Accordingly, in
a preferred enbodi nent, the catalyst of the invention is used to renove

sul fur, mWwOrogeari317er a conbi nati on of sul fur and nitrogeaT/dSeansionszdy ocar bon
f eedst ocks. The contacting of the hydrocarbon feedstock with the catal yst
conposition occurs in the presence of a hydrogen-containing treat gas, and
the reaction is operated under effective hydroprocessing conditions. The
contacti ngirﬁincg, hiee Ax@diuac af iquid Badstlowk additionahHqaidt muytshe addgaosi tion
produces a _hydrocarbon product, |iquid under atnospheric conditions, that
has | ess riComvyeely whereuprionto exsrusion ofthe bulkt catalyst ¢amapesitior, the00150] The
hydr ocar bon feedst.ock.i.s a erial conprising hydrogen and carbon.. A w de
ange. of  PRRPGRAIHNGHE 1S it e e GRar bR LS e Eouand pite Sofid-

hydr opr oc i ToYols : j t N [ QR. rhon
f eedst oc k?ﬁ'ﬁglsuﬁ%ﬂp &gstg&{c})ﬁﬁlé&nge%ho#e%l ga:ﬁé gdh?ér%)\r%&gédd e eﬁ@‘ %?@gn%?lgil’ ff from
tar sands,ndcessarg ok resulting agdtefinl cdd Bendfibalagddubs@jiéntlyaer wytkedraa bon
synthesis, such as reduced crudes, hydrocrackates, raffinates, hydrotreated
oi | s, at nuceptaén exteahd oraduthe apmyegirbegss stdpss itgasvithinshe scopesphibeiskilled
vacuum r esi ds, deasl{)?él Eed oi |l s, (il,ewa(ied oi | s, .sl ack waxes, Fischer-Tropsch
waxes and RErsefcontrl ithe amaunt of liquid apriopEiately ange fromrel ativel y |i ght
distillate fractions up to heavy feedstocks, such as gas oils, lube oils
and resi dprobess$tepi(v) ng exanpl es of light distillate feedstocks include
napht ha (typical boiling range of from about 25C to about 210C), di esel

typical hailij f f bout 150C to about. 400C), k j et
fush (ypilonbg; | A picess SFERIRer daventRcmay TaBe ComBEFS And the 1 ke.
Nore [ im b -
oS (1ypiBHRIPLED. SUMBRLR cRErahDRIAnOF oHFEy LBRILTRE fhs BER IR .o
| ube oi | s,paeticles, dirécly aesthelr repadtibher laifice anyrodkeyfirdcdnsdteasaiPAN),

f eedst ocks have a boiling range of from about 150 C to about 650C,
conveni entWith farsubfusteontainB@Ecaropewnd sudcaclefreniay|sublar dadrogen seldidsosi ti on

f th t, i.ny ' ' ticul arl ffect. f ' | fur,

i t1 ogen AR ARACSPNPG, bt Greain O arEaek FHIAYER diie bon

feed k . | ' j d

cur fur ot AALG QEBSn LRCHHORER L MER Rl A0 EERARchs HabE B O i i ng

or gani ¢ CopRddstsh calhBe barriecdiaR subbéqitnt 86 tHdsreparivnastkthe dullbeatdbyst0 about
5000 wppm nitrogen, preferably up to about 2000 wppm ni trogen, nore

pr ef er abl ycomppasatiaid0t pripntanstep ¢Demdaordsubsequant ¢6 stepu(iy butprier ©GdemHiDM
it Nt t ani be basi c . -basi c. Exanpl es..,.of
basi o ni 1 AT DOREANTANBER (0 LT GG SEPrAD) 2105 BURIERED Geh BN nes,
3 | Tt nants: O o
CRbst Fup LR g 2030 BRGRaBBC el )% BRIRAESIRET. 1, om
0. 05 wt % ts1Rd¥MSh isaid cafridd BUCHibYtd &8Spidess steplb¥owhitBlhelobiinedr ef erred

enbodi ment, effective hydroprocessing conditions are effective

hydr ot r eatrnetgl saliidies irevext ta thetr oxsides. Subiht pronessedtépcaney e.gf . thermhkast one of
(i) hydrogenation or (ii) hydrogenolysis. Generally, hydrotreatin

condi t i ongtr%tmenm%wr@yr HigheR Ay otlier haghctempergure dreagmepthd qaérﬂ@? 88t oms i n

the feed and,. roge I a ] . al; I in the

f eed. Hydr‘g{%reégp%ggggﬁgﬁﬁlgﬁlsga%t 0.%@%%"37 @%@%@%ﬁéﬁ%@?ﬁ%gg@aﬂﬁgl ng from
about 100G dnfpSHqeH i 'ctea%%ﬁa@wryfh%ah%%hy%@t@nﬁtfx& 128N Gud 6P to aMmOT €

preferably fromabout 230 C to ‘abdut "350C. Typical |iquid hourly space

vel oci ti egshé¢tmalS€atmeahgedér amoxpgen-cnt@mning aghosphe2pthefsatfaddtionf r om about
0.5 to about 5 kill. Any effective pressure can be utilized, and pressures

typi cal | y prafegeblyrs gpgtisieutssubsequssiitto sxpapplicatigppianynof thesg metheds, rati o
'l f. b 8.t 1300 n8/ 100, t o 10000 ..SCF/ B) .
B oceas. AR Rt SR EhoR el Bl i e an¥Puby®, AR
dependi ng Qg J1&8bé %%%Mdtiﬁ%ﬂﬁﬂﬁ&@&%tﬁ%pi ation. Cenerally, as the
[ ses, t

boiling point of the feed i'ncrea e severity of the conditions wll
al so increase. The follow ng table serves to illustrate typical conditions
for a range of feeds.
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[00105]  If the bulk catalyst composition is used in fixed bed processes, the
sulfidation preferably is carried out subsequent to the shaping step and, if

applied, subsequent to the last thermal treatment in an oxidizing atmosphere.

[00106]  The sulfidation can generally be carried out in situ and/or ex situ.
Preferably, the sulfidation is carried out ex situ, i.e. the sulfidation is carried out
in a separate reactor prior to the sulfided bulk catalyst composition being loaded
into the hydroprocessing unit. Furthermore, it is preferred that the bulk catalyst

composition is sulfided both ex situ and in situ.

[00107] A preferred process of the present invention comprises the following
successive process steps of preparing the bulk metal particles as described
above, slurry mixing the obtained bulk metal particles with, e.g., a binder, spray
drying the resulting composition, rewetting, kneading, extrusion, drying,
calcining and sulfiding. Another preferred process embodiment comprises the
following successive steps of preparing the bulk metal particles as described
above, isolating the particles via filtration, wet mixing the filter cake with a

material, such as a binder, kneading, extrusion, drying, calcining and sulfiding.

BULK CATALYST COMPOSITION OF THE INVENTION

[00108]  The invention further pertains to a bulk catalyst composition
obtainable by the above-described process. Preferably, the invention pertains to a
bulk catalyst composition obtainable by process step (A) and optionally one or

more of process steps B (i)-(v) described above.

[00109] In a preferred embodiment, the invention pertains to a bulk catalyst
composition obtainable by the above-described process wherein the morphology
of the metal compound(s) which are at least partly in the solid state during the
process is retained to some extent in the bulk catalyst composition. This
retention of morphology is described in detail under the heading "Process of the

present invention."
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(a) Oxidic Bulk catalyst composition

[00110]  Furthermore, the invention pertains to a bulk catalyst composition
comprising bulk metal particles which comprise at least one Group VIII non-
noble metal and at least one Group VIB metal, wherein the metals are present in
the bulk catalyst composition in their oxidic state, and wherein the characteristic
full width at half maximum does not exceed 2.5° when the Group VIB metal is
molybdenum, tungsten, a combination of molybdenum and tungsten or a
combination of molybdenum, tungsten and chromium, or does not exceed 4.0°
when the Group VIB metal is a combination of molybdenum and chromium or a

combination of tungsten and chromium.

[00111]  As described under the heading "characterization methods", the
characteristic full width at half rhaximum is determined on the basis of the peak
located at 260=53.9° (£1.0°) (when the Group VIB metal is molybdenum,
tungsten, a combination of molybdenum and tungsten or a combination of
molybdenum, tungsten and chromium) or at 26=63.5° (£0.6°) (when the Group
VIB metal is a combination of molybdenum and chromium or a combination of

tungsten and chromium).

[00112]  Preferably, the characteristic full width at half maximum does not
exceed 2.2°, more preferably 2.0°, still more preferably 1.8°, and most
preferably, it does not exceed 1.6° when the Group VIB metal is molybdenum,
tungsten, a combination of molybdenum and tungsten or a combination of
molybdenum, tungsten and chromium, or it does not exceed 3.5°, more
preferably 3.0°, still more preferably 2.5°, and most preferably 2<.0°, when the
Group VIB metal is a combination of molybdenum and chromium or a

combination of tungsten and chromium).

[00113]  Preferably, the X-ray diffraction pattern shows peaks at the positions
20=35.9° (£0.6°), 38.7° (£0.6°), 40.8° (x0.7°), 53.9 (£1.0°) and 64.5 (+1.2°)
when the Group VIB metals include tungsten. A typical X-ray diffraction
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pattern for a metal oxide catalyst of the invention comprising tungsten is shown

in Figure 1.

[00114]  From the characteristic full width at half maximum of the oxidic
bulk catalyst compositions of the present invention, it can be deduced that the
microstructure of the catalyst of the present invention differs from that of
corresponding catalysts prepared via co-precipitation as described in
International Patent Application Publication No. WO 99/03578 or U.S. Pat. No.
3,678,124.

[00115] The X-ray diffraction pattern of the bulk metal particles preferably
does not contain any peaks characteristic of the metal compounds to be reacted.
Of course, if desired, it is also possible to choose the amounts of metal
compounds in such a way as to obtain bulk metal particles characterized by an
X-ray diffraction pattern still comprising one or more peaks characteristic to at
least one of these metal compounds. If, e.g., a high amount of the metal
compound which is at least partly in the solid state during the process of the
invention is added, or if this metal compound is added in the form of large
crystalline particles, small amounts of this metal compound may be traced in the

X-ray diffraction pattern of the resulting bulk metal particles.

[00116] The molar ratio of Group VIB to Group VIII non-noble metals
generally ranges from about 10:1 to about 1:10 and preferably from about 3:1 to
about 1:3. In the case of a core-shell structured particle, these ratios of course
apply to the metals contained in the shell. The ratio of the different Group VIB
metals to one another generally is not critical. The same holds when more than
one Group VIII non-noble metal is applied. In cases where molybdenum and
tungsten are present as Group VIB metals, the molybenum:tungsten ratio
preferably lies in the range of about 9:1to about 1:19, more preferably about

3:1to about 1:9, most preferably about 3:1 to about 1:6.
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[00117])  The bulk metal particles may comprise only one Group VIII non-
noble metal and only one Group VIB metal compound. In this embodiment,
preferred bimetallic combinations comprise nickel-tungsten, cobalt-tungsten,

nickel-molybdenum and cobalt-molybdenum, more preferably, nickel-tungsten.

[00118]  The bulk metal particles may however equally comprise at least one
Group VIII non-noble metal compound and at least two Group VIB metal
compounds. Suitable Group VIB metals include chromium, molybdenum,
tungsten, or mixtures thereof, with a combination of molybdenum and tungsten
being most preferred. Suitable Group VIII non-noble metals include iron, cobalt,
nickel, or mixtures thereof, preferably nickel and/or cobalt. Preferably, a
combination of metals comprising nickel, molybdenum, and tungsten or nickel,
cobalt, molybdenum, and tungsten, or cobalt, molybdenum, and tungsten is

contained in the bulk metal particles of the invention.

[00119]  Preferably, the oxidic bulk metal particles comprised in these bulk
catalyst compositions have a B.E.T. surface area of at least about 10 m?*/g, more
preferably of at least about 50 m?*/g, and most preferably of at least about 80

m?/g, as measured via the B.E.T. method.

[00120]  If during the preparation of the bulk metal particles none of the
above (further) materials, such as a binder material, a cracking compound or a
conventional hydroprocessing catalyst, have been added, the bulk catalyst
particles will comprise about 85 to about 99.5 wt. % of Group VIB and Group
VIII non-noble metals. If any of the above materials have been added during the
preparation of the bulk metal particles, they will still preferably comprise greater
than about 50 wt. %, and more preferably greater than about 70 wt. % of the
Group VIB and Group VIII non-noble metals, calculated as oxides and based on
the total weight of the bulk metal particles, the balance being any of the above-
mentioned (further) materials. The amount of Group VIB and Group VIII non-
noble metals can be determined via TEM-EDX, SEM-EDX, AAS, ICP and / or
appropriate combinations of these methodologies. TEM and SEM-EDX is used
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65-1100 0.1-1 2,000-10,000 [00153]The process uses hydrogen or a

hydr ogen-contai ning treat gas. Treat gas can conprise substantially pure
hydr ogen wo 20@7BE7m xt ures of ot her conponents typi cal IPgTfusaeod/0i3287 ef i nery
hydrogen streans. It is preferred that the treat gas contain little, nore
preferably no, hydrogen sulfide. The treat gas purity should be at | east
about 50% by vol une hydrogen, preferably at |east about 75% by vol une

hydrogen, taidteriiifie BoRéG tAI ONs@n haRThetaPoLini Xdthdiyr velletAlSyshdlEeRP. The
treat gas can be pure or substantially pure hydrogen. [00154] The

hydr opr ocesebntk methads. i n a reaction stage. The reaction stage can conpri se
one or nore reactors or reaction zones each of which conprises one or nore

tal yst f ot LEg: : |
Contaln t ACORRL | heARERAR pdit BERERE (SHCLEE poft YPRRRE iTBEORER, hes of

cat al yst hkigiactee bt Bihelc500dubovgde), off the estidie dullaheetpl pdreictes prefouatilyds her
types of catal yst beds include fluidized beds, ebullating beds, slurry

beds, and abpout hgljo pbdst 23 nemeoreperefaablyrapasit 2Heaabiony 1 fermiasd mesict or s,
reaction zon bet en cat eds in or, can be
enpl oyed. PA® 6‘#?@’(9#%? ﬂé@&%ﬁé@hé&%@é@%ﬂh}/ﬁ& 5%?"8[398 essing can be
recovered. Where this heat recovery option is not avail able, conventi onal

cool i ng m{!mm]perﬂmert@chltﬁvrewglurﬁe@,lfltmoxﬁmd btlllken&eﬁil?hrt@éIegptﬂfer@Iy\m er or
air, or through use of a hydrogen quench stream In this manner, optinmm

reaction tathesst abazutélsoﬁml/g»,emnmpr exablyatrbgnsttabiont 0. | MNERATEERPSLAT] ON
METHODS [ 00 he net hqds SCri bel W re n ose . characterization
met hods dé’éﬁ%&iﬁiﬂﬁregﬁw *ﬁ%ﬂ gffﬂ{%ﬁ% detruBineddy f"m&?&éﬂ’/@m"t he skill ed
person woul d be aware of other techni ques, such as Raman or Infrared
spectroscqpg123jat doisl desagdahhtythbgpoeepizedisiribatioh@fahe bulkz atetal pasficles

products. 1sS I51drr(1allacrr tl(J)S’tPlatS(gt[ c(:a(;}?\;[err]ltlg?lgle lrl)rf?lrr(])gicl)c%rs]mng catalysts. More particularly,
the bulk metal particles preferably have a median pore diameter of about 3 to
about 25 nm, as determined by nitrogen adsorption, a pore volume of about 0.05
to about 5 ml/g, more preferably of about 0.05 to about 4 ml/g, still more
preferably of about 0.05 to about 3 ml/g, and most preferably of about 0.1 to

about 2 ml/g, as determined by nitrogen adsorption.

[00124]  Furthermore, these bulk metal particles preferably have a median
particle size in the range of at least about 0.5um, more preferably at least about
1um, most preferably at least about 2pm, but preferably not more than about
5000um, more preferably not more than about 1000pm, even more preferably
not more than about 500um, and most preferably not more than about 150um.
Even more preferably, the median particle diameter lies in the range of about 1

to about 150um and most preferably in the range of about 2 to about 150um.

[00125]  As has been mentioned above, if so desired, it is possible to prepare
core-shell structured bulk metal particles using the process of the invention. In
these particles, at least one of the metals is anisotropically distributed in the bulk
metal particles. The concentration of a metal, the metal compound of which is at

least partly in the solid state during the process of the invention, generally is
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[00156] First, the length of, e.g., an extrudate particle was neasured, and
then the extrudate particle was subjected to conpressive loading (25 Ibs in
8. 6 sec.)wbyoa/amwvabl e pi ston. The force required to cresh/usbespassd cl e was
measured. The procedure was repeated with at | east 40 extrudate particles
and the average was cal culated as force (lbs) per unit length (mj. The

net hod preferably was applied to shaped particles with a | ength not

exceedi nNg higheR indhe Rfie? phed, 4-E thé dofoPdhedinilibulk dIpdrfibRs Nhaada eh@t i on
nmeasurenent was carried out as described in the Ph.D. dissertation of J. C

P. Br oekhafulter(ji2et,fite. e stealbof thedfinaldethk odasglypartieles, Geheralliys theosur e of whi ch
I's hereby incorporated hy refere Solid Metal

. -of . Add
Conpounds EDOEnsatigmLet this maH@tth gb?ﬂipfﬁg)ﬁgtﬂ]e&ﬁk&%‘i% pagrclesyisal MRSt 5

conpounds _dur | t he, proc f the in td ' d ed by
visual in QBt ?g%’ %Rd ﬁ’e‘i’é’??@% ﬁgn}?ék 8?‘8@0%(%%’&&3@6 ggé&%ﬁreagg)&gﬁtﬁ?{ he form
of particligstalMi thedcdié dFAESTinhFFOR MERR PatitFesiFyRiRAGt Radbedtl fdldahht ght .

O course, nethods such as quasi-elastic light scattering (QELS) or
near - f or wahel nsatalt ¢fea megal osmnpdural whichoisrapptied hie tlsdsdlutedstper during then al so be
used to verify that at no point in time during the process of the invention

al | et al Propéss afdhe inventionds alse aniseteopipaldy dustribuiediin 4he fimabbelkimetddt i on:
if the metal.. ds_whi ch dded .at. | . Ly i th id stat
ore. addoq PActEREANE BT aRe bR ERiore R i Brl e B bR A b Gea - ¢

ar e acast : arrou . p : -
s pons! oriEl 8RRl feafoled KBt i¢ 0w B AR (B CoReehthid Ot hdefalD) t e

addi tion (jheheshel. Stdl more partéadanl g, thaonoéntedtidn afihiy meital inubéd carevely t hat
all solid material contained in the suspension(s) is collected as solid
filter caklbe fimabhulkhmetadipgtticles istatanessiabpus 80%dandfreqnentdy atmest abowd wei ght

of the soljd netal. conpounds c e term ned by standard techni s. O
cour se., 1 1104 8P <G ALSRTAonut B T mpeeririsnpt BOF metelRaBEslel” such
as a soli | ) jq -\ fiethi s solid
and dri edqﬁ)ﬁir%ﬁgrsé r?ﬂge{(ﬁgg{ su %oggf%%%ﬁ%&rinabﬁgt@:%m&gﬁi l%ﬁ%ﬁ ggplg)’df%ﬁ > dried
filt elr calgan HeORLAAi e BoIkUEHtalght Scthpsitibh IS the ibaumeidn itrespéutivieioft er cake
can al so be

whether the bulk catalyst composition has been thermally treated and/or

sulfided. In the above cases, the shell generally has a thickness of about 10 to

about 1,000 nm.

[00126]  Though the above anisotropic metal distribution can be
formed/obtained during the process of the invention, the Group VIB and Group
VIII non-noble metals generally are homogeneously distributed in the bulk metal

particles. This embodiment generally is preferred.

[00127]  Preferably, the bulk catalyst composition additionally comprises a
suitable binder material. Suitable binder materials preferably are those described
above. The particles generally are embedded in the binder material, which
functions as a glue to hold the particles together. Preferably, the particles are
homogeneously distributed within the binder. The presence of the binder
generally leads to an increased mechanical strength of the final bulk catalyst
composition. Generally, the bulk catalyst composition of the invention has a

mechanical strength, expressed as side crush strength, of at least about 1 lbs/mm
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determ ned by standard techni ques such as atom c absorpti on spectroscopy
(AAS), XRF, wet chem cal analysis, or ICP. [00161]If the netal conpounds
whi ch ar ewadd@d7at77] east partly in the solid state are aduam2008/013289 wet t ed
or dry state, a filtration generally is not possible. In this case, the
wei ght of the solid netal conpounds is considered equal to the wei ght of
the corresponding initially enployed netal conpounds, on a dry basis. The

total wei gl REfcRhBlyBTadlle£:0 ABOUISI$bs/mint (\eadtRed on@xtAldatdsewith aconpounds
initially enployed, "on a dry basis, calculated as netal oxides. 4.

Char act er idsameteFolf |1 -2 at Hal f Maxi num [ 00162] The characteristic full
width at half maxi nrum of the oxidic catalysts was determ ned on the basis

of the X-r af fr i t . ' [
backgr oun&:%](%] i f %e%@@péﬁﬁgd%?%gdg%ého@%ﬁ em? m%gﬁghtaﬁﬁg{st?’eorf . the
char act er ithd balkf sthlyst émpasitioal Bindetiamoarts fildhe 0ftoldbowt 95 wias bétlie nmaxi mum

(internms of 20) of the peak at 20=53.6 (0.7) (b) if the Goup VIB netals
are nol ybdetalinosapdsitionoranube suiteble apaodimg on the dnvisageddiatalytichal f nmaxi num

5 i R e S bt
(1t er mo gt o W& plesint ARV SrylES ¥ By Sty Aol aff il oo o

are mol ybggraps o wasb@tws D, OTtRETAA] cdrﬁﬁoﬁﬂ@ﬁ,?ﬁﬂe‘féﬂa’él)i 0 tb dbbutb@it h at

hal f maximunmiis the fu width at half maximum (in ternms of 20) of the

peak at 26wFd, aré prgferably 0 to about 30 wt.%.

[00129])  If desired, the bulk catalyst composition may comprise a suitable
cracking compound. Suitable cracking compounds preferably are those
described above. The amount of cracking compound preferably is in the range of

0 to about 90 wt. %, based on the total weight of the bulk catalyst composition.

[00130] Moreover, the bulk catalyst composition may comprise conventional
hydroprocessing catalysts. The conventional hydroprocessing catalyst generally
comprises any of the above-described binder materials and cracking compounds.
The hydrogenation metals of the conventional hydroprocessing catalyst
generally comprise Group VIB and Group VIII non-noble metals such as
combinations of nickel or cobalt with molybdenum or tungsten. Suitable
conventional hydroprocessing catalysts include hydrotreating or hydrocracking

catalysts. These catalysts can be in the used, regenerated, fresh, or sulfided state.

[00131]  Furthermore, the bulk catalyst composition may comprise any
further material which is conventionally present in hydroprocessing catalysts
such as phosphorus-containing compounds, boron-containing compounds,
silicon-containing compounds, fluorine-containing compounds, additional
transition metals, rare earth metals, or mixtures thereof. Details in respect of
these further materials are given above. The transition or rare earth metals

generally are present in the oxidic form when the bulk catalyst composition has
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[ 00163] For the determ nation of the X-ray diffraction pattern, a standard
powder diffractoneter (e.g., Philips PWO050) equipped with a graphite
nonochr orsibanovEsi e used. The neasurenment conditions cOThS2@i80$289 as
follows: X-ray generator settings: 40 kV and 40 mA wavel ength: 1.5418
angstrons divergence and anti-scatter slits: 10 detector slit: 0.2 mm
step size: 0.04 (20) tine/step: 20 seconds. 5. Degree of Sulfidation

[ 00164] Anybegtlthermalbntraateddnian dxidizing aimibspherd knd/at &b st sulfidpd $otm on was
oxidized in an oxyglen fl ow by heati n% in an induction oven. The resulting
sul fur di oxherethedkulkcatalysscompositiam hanbeen sulfided] with a detection system
based on the IR characteristics of the sulfur dioxide. To obtain the anount

of sul fur (hb3gf Ik ob@libhiidediRlyStbdipodiihs WhePhRHCREBRIACI GrehbaRe

obt ai ned on bration wt nown" st an e degree of

sul fi dati dhmiay Béesible furahe budls catabyst adinpobitioneefthetinventiomto ldvesall f ur
contained in the sulfidic bulk netal particles and the anount of sulfur
t hat woul dovemperepenesityn Preferablyklessthan ghouti3d e of the pote olums ofitheand

G oup VIII n-noble netals wer.e present in.the formof. their disulfides.
(001651 1t BTk FaBl campeyiams BfirFea ivet dismetrnfiehet than Sqn d00Am' Gegr ee
of (determined by mercury intrusion, contact angle: 130°), more preferably less

than about 20%.

[00133]  The oxidic bulk catalyst composition of the present invention
generally comprises about 10 to about 100 wt. %, preferably about 25 to about
100 wt. %, more preferably about 45 to about 100 wt. % and most preferably
about 65 to about 100 wt. % of Group VIB and Group VIII non-noble metals,
based on the total weight of the bulk catalyst composition, calculated as metal

oxides.

[00134] It is noted that a catalyst prepared via stepwise impregnation with

Group VIB and Group VIII non-noble metal solutions on an alumina carrier as
described in JP 09000929 does not comprise any bulk metal particles and thus
has a morphology which is completely different from that of the present

invention.

(b) Sulfided Bulk catalyst composition

[00135] If so desired, the bulk catalyst composition of the present invention
can be sulfided. Consequently, the present invention further pertains to a bulk
catalyst composition comprising sulfidic bulk metal particles which comprise at
least one Group VIII non-noble metal and at least one Group VIB metal and
wherein the degree of sulfidation under conditions of use does not exceed about

90%.
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sul fidation of which is to be neasured, is to be handled under an inert

at nosphere prior to the determ nation of the degree of sulfidation. 6.

D nensi orwof20a9mg3rranoparticl es WO 2009/ 073177PCT/ US200@C0A3288/0128466] The
di rensi on of the dispersed nanoparticles can be determ ned by transni ssion
el ectron mcroscopy (TEM (for exanple, after careful evaporation of a
suspensi on of dispersed particles or, as the clay nanoparticles have

di fferent [001B3éjo! ogywihde dléa thut thecsbloze walfidduybulkMagalastyompaedition nkay
catal yst particles), or by light scattering nethods (f. ex. in the slurry).
Al t hough aempriseranycobihe ablovetdaseribed (further) materitlsrensi on is difficult to
establish, it is for the purposes of the invention sufficient to determ ne

that a sufippgdant | YHALISeRAnVentre fitifth! pér@ing Basihataund RitfigbRbulk Si 2

bel ow one 'm croneter. I'S assessnent ca n y 'taking a TEM picture

as i s knowatdlysttdoenpsyitiom cekiprisge i n the art and assessing on a
representative picture, preferably covering an area of at |east about 500

naving a size | ess Dnafodtilt ol beEAmRReR SRR AhomitER, S1fR | ' b

further illustrated by ohB&s ool VNI RenEHGHIPhRSal dREPaMEsstEWo(GEPIIBVO. 5 +
3wl | aponite) [00168]20.3 g of laponite (LO = 11.2 % Laponite RD

avai | abl e from RockwootheAdldj wheesinltherdegal ofasalfdetjpenuiedericonditiars ofh a
separate stirred vessel for approximtely one hour. According to the

suppl i er specificati onuseidees npkexqsedtabiont 80%fanghout 0. 92 nm t hi ckness and
having a | ateral dinmension of about 25 nmand a surface area of over 900

m2. g-1 should be Olzﬁﬂ B%aﬁ?iﬁ%el@@t@ﬁ'f%rﬁtH@F?c%ﬂr?e‘éfbfhﬂerm_eﬁﬁrs}i cle length

and stacking was verified using TEM Mst o clay particles indeed

consi sted of a single keyeentidimalthydboprocéssing catalystse crackirmgmedinpponds,on of
the clay particles was not fully delam nated, i.e. the particles were

| onger (up to 60 nm agd mixhyes thereof. nul t | ple layers (up to 5 | ayers.)

[ 00169] Separately, 1211 g of nickel hydroxy carbonate paste (10.7 wt.% Ni:

2.21 ol Nop138p SypReRdestidlthieine deanék bhsulixtion of WRssulfidid Belkunkial t he
slurry becane honpbgeneous. Then 161 g of Mb03 (99.1 % Mb03, 1.1 nol M) and

277 g H2Wpartidl2s dndereoiitiods 6Busotdoty naterxeced dboutt WAhBreferdbdy, theurry and
the m xture was stirred until the_ sl ur r¥ became, honogenequs. Then the
| aponi t e degree of sulfidation under conditions of use is in the range of about 10 to about

90%, more preferably of about 20 to about 90%, and most preferably of about 40

to about 90%. The degree of sulfidation is determined as described under the

heading "characterization methods."

[00139]  If conventional sulfidation téchniques are applied in the process of
the present invention, the degree of sulfidation of the sulfidic bulk metal
particles prior to use is essentially identical to the degree of sulfidation under
conditions of use. However, if very specific sulfidation techniques are applied, it
might be that the degree of sulfidation prior to the use of the catalyst is higher

" than during the use thereof, as during use part of the sulfides or elemental sulfur
is removed from the catalyst. In this case the degree of sulfidation is the one that
results during use of the catalyst and not prior thereto. The conditions of use are
those described below in the chapter "use according to the invention." That the

catalyst is "under conditions of use" means that it is subjected to these conditions
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suspensi on was added and the m xture was stirred until the slurry becane
honogeneous. The reaction was carried out in an open vessel. The reaction
m xture wae 28a9%078d during the entire process, i.e. wheRCTaskoosionszse he raw
materi al s and when reacting them The reaction was carried out by
increasing the tenperature to 95C and nmintaining the mxture at that
tenperature for 24 hours. The pH of the reaction mxture was 5.2 at the

start of thea HaRCHEPU IdnFEerfEhoP tikd cAtiR sefsiréalhida@iliterdahivith fisme.
[00170] The slurry was then allowed to codl down and was then filtered. The

resul t i ngréadtioarenvatommee. conbi ned with surfactant and 15.3 gr of
attapulgite (LOT = 20.5%, a needle-like clay mneral conposed of

magnesi u numesd |4 i I j i i cromet er
73 knead G HUICT TEls (LAReFpORrbf e % BUR oAuRRPEBRGSABKbING, o OF
surface apegef irAkatibn 19 ess¥htiglly TR NGRAIP VHIson-AoBleanetal diddlfides: omet er)
was added to the cake. Depending on the water content of the filter cake,

t he wat er Moretiarparti€ulahehe Xinoupi\GHI nor-nebde aujtals taeeiptdfyrablidpresentaser or by
evaporating water) to obtain an extrudable m x. The m x S then extruded,
dried in &FouR Viﬁa@rbvebk@irgﬁkal)aﬁd veith )hb%imgtméher@geo?fﬂ%ozﬂ F}O{]w The
anount of a&g@)togiste (relative to the total amount of netal oxides +

| aponi te) 0 W% The anount of laponite in the end product (= final
calcined catalyst including also ca. 1.9 wt.% attapulgite and ca. 3.8 wt. %
silica) wjeortld w Te shaped end aulfstedwatalystepartiolesimiay haveimaaytditfesent

descri bed pelow_in Test Procedures 1 and 2. Conparative experinment C (Nl
MbO. 5\. 5ﬁﬁ?m1$m]tﬁhlet eewﬂwciqu,rewﬁgﬂ%rs”e‘%%am ISP hout t he

addition qf. the._l. i [N Thi . L £ and
tested as 9‘8%‘%‘8%%“%@3’%@??@85 #ﬁpﬁ{éﬁn%grtgéehéﬂg@aqhé%&ﬁm‘ggf?ensgyﬁé Qﬁﬁﬂ c by
Test Procediigion bédifing o%?@lliﬁéjﬁﬁhﬁlw?ﬂa%)é&iiﬁmléf&ﬁﬁrtﬁé rafipecoPaiue 9. Ho and C
were tested in Test Procedure | destribed below in the hydrotreatnment of a
Vacuum Gaabul 1@ ¥zh) and Hedislength likéwiseds dn flicerange afebbut@ddiotdbomt 20TCL. 1t o
TCl. 4, respectively) and in Test Procedure 2 in fhe hydrqtreatenent of
Utra Lownsn Partictesrssplting fom spsaysirping genera)ly have amedian particle ¢

conditions.(TC2. 1 gand TC2. 2, .respectivel he test conditions and the

t est resu?ifaénét\n%énbﬁ‘?eﬁ?n ﬁo%ngngpmr_t&a%gﬁHO&%g{, procedure the residual

sul fur level (Sin ppm and nitrogen (Nin ppm) is given with the activity
(rel ative[00142fe aBetails gbddvAhe burdes mhdtarialseomeking ¢@@Bpoumds, ni t r ogen

renoval (HDN). For each test condition, the activity of the catalyst of the
conpar at i 9@11@%&@&3»@%50@@%mgtcai%%afﬁui %%%‘Egiqrﬁp?ﬂ?r 'ars aswel a8 Ahg st s

3 g S a T ! y
conpar at - FERE AT e B AP IR ERROEE ATt Rh ARy Grlib VI IS,
Detail's ofohlifoH€ fletMsREAAHE GrRUP VIES GidthIS Cohthifi®d th BRI MIfidEEbalk

catalyst compositions and the amounts thereof are given above.

[00143] It is noted that the core-shell structure described above for the oxidic
bulk catalyst composition is not destroyed by sulfidation, i.e., the sulfided bulk

catalyst compositions may also comprise this core-shell structure.

[00144] It is further noted that the sulfided catalysts are at least partly
crystalline materials, i.e., the X-ray diffraction pattern of the sulfided bulk metal
particles generally comprises several crystalline peaks characteristic to the

Group VIII non-noble metal and Group VIB metal sulfides.
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Test Procedure 1: VGO testing [00173] The catal ysts were tested in an upfl ow
tubul ar reactor. Each reactor tube contained 50 m of catalyst mxed with
an equal wonwwo7ef77Si C particl es and sandwi ched bet weenPpCayse@sonis2®h C
particles. Before testing the catalysts were presulfided via liquid phase
presul fiding, using the feed described belowin Table 1 which had been
spiked with dinethyl disulfide to a total sulfur content of 3.7 wt. % at
tenperatu geoMS]SZO As for the @xidicdulit cdlyacompobitibng pecletably) less dtano ( N1/ 1)
of 300 and at a liquid hourly space volune (LHSV) (1/h) of 1.76. The

presul fi dedoutddtyef theypre vohemetodshe sulifidic hulkhgatalyst eempasjtion 13 1VeD

f eedst ock having. the properties sho i able 1. Table 1 V& feed Feed
Density atPOTeCVitya,dipmeten h%%y%qgéén@&mynme@g@ﬁ%@?Wgen Cont ent
(%w.) intrusion, contact angle: 130°), more preferably less than about 20%.

[00146]  Generally, the median particle diameters of the sulfidic bulk metal

particles are identical to those given above for the oxidic bulk metal particles.

USE ACCORDING TO THE INVENTION

[00147]  The bulk catalyst compdsition according to the invention is
particularly useful for hydroprocessing hydrocarbon feedstocks. Accordingly,
the invention relates to a process for hydroprocessing a hydrocarbon feedstock,
said procesé comprising contacting a hydrocarbon feedstock under
hydroprocessing conditions with a catalyst composition comprising bulk metal
particles that comprise at least one Group VIII non-noble metal, at least one

Group VIB metal and nanoparticles.

[00148]  The catalyst composition according to the invention can be used in
virtually all hydroprocessing processes to treat a plurality of feeds under wide-
ranging reaction conditions such as temperatures of from 100 to 450°C,
hydrogen pressures of from 5 to 1200 bar, preferably below 300 bars, liquid
hourly space velocities of from 0.05 to 10 h! and hydrogen treat gas rates of
from about 18 to about 1800 m*/m> (100 to 10,000 SCF/B). The term
hydroprocessing used in the context of this invention encompasses all processes
in which a hydrocarbon feedstock is reacted with hydrogen at the temperatures
and pressures noted above, and including hydrogenation, hydrodesulfurization,
hydrodenitrogenation, hydrodemetallization, hydrodearomatization,
hydroisomerization, hydrodewaxing, hydrotreating, hydrofinishing and

hydrocracking.

[00149]  The catalyst composition of the invention is particularly effective for

the removal of nitrogen and sulfur from a hydrocarbon feed. Accordingly, in a
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12.2 Sul fur Content (%w.) 1.6297 Nitrogen Content (PPmm.) 1714 Pour
Point (C) 46 Viscosity at 50C (m®/s) 25.91 Total Aromatics
WO 2009/073177 PCT/US2008/013289

preferred embodiment, the catalyst of the invention is used to remove sulfur,
nitrogen, or a combination of sulfur and nitrogen, from hydrocarbon feedstocks.
The contacting of the hydrocarbon feedstock with the catalyst composition
occurs in the presence of a hydrogen-containing treat gas, and the reaction is
operated under effective hydroprocessing conditions. The contacting of the
hydrocarbon feedstock with the catalyst composition produces a hydrocarbon
product, liquid under atmospheric conditions, that has less nitrogen, sulfur, or

both, compared to the feedstock.

[00150] The hydrocarbon feedstock is a material comprising hydrogen and
carbon. A wide range of petroleum and chemical hydrocarbon feedstocks can be
hydroprocessed in accordance with the present invention. Hydrocarbon
feedstocks include those obtained or derived from crude petroleum oil, from tar R
sands, from coal liquefaction, from shale oil and from hydrocarbon synthesis,
such as redﬁced crudgs, hydrocrackates, raffinates, hydrotreated oils,
atmospheric and Vacﬁum gas oils, coker gas oils, atmospheric and vacuum
resids, deasphalted oils, dewaxed oils, slack waxes, Fischer-Tropsch waxes and
mixtures thereof. Suitable feedstocks range from relatively light distillate
fractions up to heavy feedstocks, such as gas oils, lube oils and resids. Non-
limiting examples of light distillate feedstocks include naphtha (typical boiling
range of from about 25°C to about 210°C), diesel (typical boiling range of from
about 150°C to about 400°C), kerosene or jet fuel (typical boiling range of from
about 150°C to about 250°C) and the like. Non-limiting examples of heavy
feedstocks include vacuum (or heavy) gas oils (typical boiling range of from
about 315°C to about 610°C), raffinates, lube oils, cycle oils, waxy oils and the
like. Preferred hydrocarbon feedstocks have a boiling range of from about 150

°C to about 650°C, conveniently from about 150 °C to about 450°C.

[00151]  The catalyst composition of the present invention is particularly
effective for removing sulfur, nitrogen or a combination of sulfur and nitrogen

from hydrocarbon feedstocks. Hydrocarbon feedstocks indeed often contain
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46.1 ASTM Distill ati on

IBP (C) 268.2 V05 (C) 340.4 V10 (C) 370.0 V20 (O

407.6 V30 (C)

WO 2009/073177 PCT/US2008/013289

nitrogen and sulfur contaminants, often in the form of sulfur and/or nitrogen-
containing organic compounds. The nitrogen content of the feedstock can be up
to about 5000 wppm nitrogen, preferably up to about 2000 wppm nitrogen, more
preferably up to 1000 wppm nitrogen and most preferably up to 500 wppm
nitrogen. Nitrogen contaminants may be basic or non-basic. Examples of basic
nitrogen contaminants include quinolines and substituted quinolines, and
examples of non-basic nitrogen species include carbazoles and substituted
carbazoles. The sulfur content of the feedstock may be from 0.05 wt% to 3 wt%,
and is typically less than 2 wt%.

[00152]

effective hydrotreating conditions, that is, conditions effective for at least one of

In a preferred embodiment, effective hydroprocessing conditions are

(i) hydrogenation or (ii) hydrogenolysis. Generally, hydrotreating conditions
will result in removing at least a portion of the heteroatoms in the feed and in -
hydrogenating at least a portion of the aromatics in the feed. Hydrotreating
conditions typically include temperatures ranging from about 100°C to about
450°C, preferably from about 200 °C to about 370°C, more preferably from
about 230 °C to about 350°C. Typical liquid hourly space velocities ("LHSV")
range from about 0.05 to about 20 hr!, preferably from about 0.5 to about 5 hr'.
Any effective pressure can be utilized, and pressures typically range from about
5 to about 250 bar. Hydrogen (H,) to oil ratio generally ranges from about 18 to
about 1800 m*/m> (100 to 10000 SCF/B). Process conditions may vary, as is
known to those skilled in the art, depending on the feed boiling range and
speciation. Generally, as the boiling point of the feed increases, the severity of
the conditions will also increase. The following table serves to illustrate typical

conditions for a range of feeds.

FEED TYPICAL TEMP.°C | PRESS, SPACE H; GAS RATE
BOILING BAR VELOCITY SCF/B
RANGE °C V/V/HR
Naphtha 25-210 100-370 10-60 0.5-10 100-2,000
Diesel 150-400 200-400 15-110 0.5-4 500-6,000
Heavy 315-610 260-430 15-170 0.3-2 1000-6,000
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433.6 V40 (C) 455.7 V50 (C) 475.9 V60 (C) 495.0 V70 (C) 514.4 V80 (C) 536.7
Vo0 (C)
WO 2009/073177 PCT/US2008/013289

Gas Oil
Lube Oil 290-550 200-450 6-210 0.2-5 100-10,000
Resid 10-50%>575 340-450 65-1100 0.1-1 2,000-10,000

[00153]  The process uses hydrogen or a hydrogen-containing treat gas. Treat
gas can comprise substantially pure hydrogen or can be mixtures of other
componénts typically found in refinery hydrogen streams. It is preferred that the
treat gas contain little, more preferably no, hydrogen sulfide. The treat gas
purity should be at least about 50% by volume hydrogen, preferably at least
about 75% by volume hydrogen, and more preferably at least about 90% by

volume hydrogen. The treat gas can be pure or substantially pure hydrogen.

[00154]  The hydroprocessing occurs in a reacﬁon stage. The reaction stage
can comprise one or more reactors or reaction zones each of which comprises
one or more catalyst beds of the same or different catalyst. At least one bed will
contain the catalyst composition of the invention. Although other types of
catalyst beds/reactors can be used, fixed beds are preferred. Such other types of
catalyst beds include fluidized beds, ebullating beds, slurry beds, and moving
beds. Interstage cooling or heating between reactors, reaction zones, or between
catalyst beds in the same reactor, can be employed. A portion of the heat
generated during hydroprocessing can be recovered. Where this heat recovery
option is not available, conventional cooling may be performed through cooling
utilities such as cooling water or air, or through use of a hydrogen quench
stream. In this manner, optimum reaction temperatures can be more easily

maintained.

CHARACTERIZATION METHODS

[00155]  The methods described below represent those characterization
methods deemed most appropriate for this invention. However, the skilled
person would be aware of other techniques, such as Raman or Infrared

spectroscopy that could equally be employed in characterization of products.
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563.6 V95 (C) 578.7 FBP (C) 611.4 [00174] The results of the VA& test for
the catal ysts of exanples El and O are shown in Table 3. Test procedure 2:
ULSD t estwoQo§9d01i73] The catal ysts were tested in the sameTWw®0@913289 Test
Procedure 1, except the amount of catalyst was 10 m instead of 50 m, the
l'iquid hourly space volume (LHSV) (1/h) was 3.00 instead of 1.76 and the
feedst ock spiked with dinmethyl disulfide was the ultra | ow sulfur feed of

Tabl e 2. Thte Orstltiédel Daéahinationwer e then tested in the hydrotreating of
a diesel feedstock having the properties shown in Table 2: Table 2

[00156] First, the length of, e.g., an extrudate particle was measured, and

then the extrudate particle was subjected to compressive loading (25 1bs in 8.6
sec.) by a movable piston. The force required to crush the particle was measured.
The procedure was repeated with at least 40 extrudate particles and the average
was calculated as force (Ibs) per unit length (mm). The method preferably was

applied to shaped particles with a length not exceeding 7 mm.
2. Pore Volume via N, Adsorption

[00157] The N, adsorption measurement was carried out as described in the
Ph.D. dissertation of J. C. P. Broekhoff (Delft University of Technology 1969),

the disclosure of which is hereby incorporated by reference.
3. Amount of Added Solid Metal Compounds

[00158] Qualitative determination: The presence of solid metal compounds
during the process of the invention can easily be detected by visual inspection at
least if the metal compounds are present in the form of particles with a diameter
larger than the wavelength of visible light. Of course, methods such as quasi-
elastic light scattering (QELS) or near-forward scattering, which are known to
the skilled person, can also be used to verify that at no point in time during the

| process of the invention all metals will be in the solute state.

[00159]  Quantitative determination: if the metal compounds which are added
at least partly in the solid state are added as suspension(s), the amount of solid
metal compounds added during the process of the invention can be determined
by filtration of the suspension(s) to be added under the conditions which are
applied during the addition (temperature, pH, pressure, amount of liquid), in
such a way that all solid material contained in the suspension(s) is collected as
solid filter cake. From the weight of the solid and dried filter cake, the weight of

the solid metal compounds can be determined by standard techniques. Of course,
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if apart from solid metal compounds further solid compounds, such as a solid
binder, are present in the filter cake, the weight of this solid and dried binder

must be subtracted from the weight of the solid and dried filter cake.

[00160] The amount of solid metal compounds in the filter cake can also be
determined by standard techniques such as atomic absorption spectroscopy

(AAS), XRF, wet chemical analysis, or ICP.

[00161]  If the metal compounds which are added at least partly in the solid
state are added in the wetted or dry state, a filtration generally is not possible. In
this case, the weight of the solid metal compounds is considered equal to the
weight of the corresponding initially employed metal compounds, on a dry basis.
The total weight of all metal compounds is the amount of all metal compounds

initially employed, on a dry basis, calculated as metal oxides.
4. Characteristic Full Width at Half Maximum

[00162] The characteristic full width at half maximum of the oxidic catalysts
was determined on the basis of the X-ray diffraction pattern of the catalysts

using a linear background:

(a) if the Group VIB metals are molybdenum and tungsten: the
characteristic full width at half maximum is the full width at

half maximum (in terms of 20) of the peak at 26=53.6° (£0.7°)

(b) if the Group VIB metals are molybdenum and chromium: the
characteristic full width at half maximum is the full width at

half maximum (in terms of 26) of the peak at 26=63.5° (+0.6°)

(c) if the Group VIB metals are tungsten and chromium: the
characteristic full width at half maximum is the full width at

half maximum (in terms of 20) of the peak at 26=53.6° (£0.7°)

(d) if the Group VIB metals are molybdenum, tungsten, and

chromium: the characteristic full width at half maximum is the

50



Mono-aromatics (w.% 16.5 Di-aromatics (W.% 11.0 D +-aromatics (wW.
0.8 Sinmulated distillation ASTM D 86
WO 2009/073177 PCT/US2008/013289

full width at half maximum (in terms of 26) of the peak at
20=53.6° (+0.7°).

[00163])  For the determination of the X-ray diffraction pattern, a standard
powder diffractometer (e.g., Philips PW1050) equipped with a graphite
monochromator can be used. The measurement conditions can be chosen as

follows:

e X-ray generator settings: 40 kV and 40 mA
e wavelength: 1.5418 angstroms

e divergence and anti-scatter slits: 1°

e detector slit: 0.2 mm,

e step size: 0.04 (°20)

e time/step: 20 seconds.
5. Degree of Sulfidation

[00164]  Any sulfur contained in the sulfidic bulk catalyst composition was
oxidized in an oxygen flow by heating in an induction oven. The resulting sulfur
dioxide was analyz;d using an infrared cell with a detection system based on the
IR characteristics of the sulfur dioxide. To obtain the amount of sulfur the
signals relating to sulfur dioxide are compared to those obtained on calibration
with well-known standards. The degree of sulfidation is then calculated as the
ratio between the amount of sulfur contained in the sulfidic bulk metal particles
and the amount of sulfur that would be present in the bulk metal particles if all
Group VIB and Group VIII non-noble metals were present in the form of their

disulfides.

[00165] It will be clear to the skilled person that the catalyst, the degree of
sulfidation of which is to be measured, is to be handled under an inert

atmosphere prior to the determination of the degree of sulfidation.

6. Dimension of the nanoparticles
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[00166]  The dimension of the dispersed nanoparticles can be determined by
transmission electron microscopy (TEM) (for example, after careful evaporation
of a suspension of dispersed particles or, as the clay nanoparticles have different
morphology than the bulk catalyst, by TEM analysis of bulk catalyst particles),
or by light scattering methods (f. ex. in the slurry). Although an accurate and
absolute value for the dimension is difficult to establish, it is for the purposes of
the invention sufficient to determine that a sufficiently large part, preferably at
least about 50%, has é size below one micrometer. This assessment can be done
by taking a TEM picture as is known by the person skilled in the art and
assessing on a representative picture, preferably covering an area of at least
about 500 by.about 500 nanometer, whether there are a substantial number of

particles having a size less than about 500 nanometer.

[00167]) The invention will be further illustrated by the following Examples.-

Example E1 (Ni1Mo00.5W0.5 + 3w% laponit;e).

[00168]  20.3 g of laponite (LOI = 11.2 %, Laponite RD available from
Rockwood Additives Limited) was suspended in water in a separate stirred
vessel for approximately one hour. According to the supplier specification, disc-
like platelets of about 0.92 nm thickness and having a lateral dimension of about
25 nm and a surface area of over 900 m*.g"' should be obtained after complete
delamination. The particle length and stacking was verified using TEM. Most of
the clay particles indeed consisted of a single layer about 25 nm long. However,
a small portion of the clay particles was not fully delaminated, i.e. the particles

were longer (up to 60 nm) and consisted of multiple layers (up to 5 layers.)

[00169]  Separately, 1211 g of nickel hydroxy carbonate paste (10.7 wt.% Ni:
2.21 mol Ni) was suspended in water and the mixture was stirred until the slurry
became homogeneous. Then 161 g of MoO; (99.1 % MoOs, 1.1 mol Mo) and

277 g HyWO, (92.7 wt% WO;, 1.03 mol W) were added to the nickel slurry and

the mixture was stirred until the slurry became homogeneous. Then the laponite
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suspension was added and the mixture was stirred until the slurry became -
homogeneous. The reaction was carried out in an open vessel. The reaction
mixture was stirred during the entire process, i.e. when combining the raw
materials and when reacting them. The reaction was carried out by increasing the
temperature to 95°C and maintaining the mixture at that temperature for 24
hours. The pH of the reaction mixture was 5.2 at the start of the reaction time

and 5.0 at the end of the reaction time.

[00170]  The slurry was then allowed to cool down and was then filtered. The
resulting filter cake was combined with surfactant and 15.3 gr of attapulgite
(LOI = 20.5%), a needle-like clay mineral composed 'of magnesium-aluminum
silicate having a lateral dimension above 1 micrometer in a kneader.
Furthermore, 27.6 g of microgranular SiO, (LOI = 11.8 wt.%, surface area of
about 190 m?/g, median particle diameter of 22 micrometer) was added to the
cake. Depending on the water content of the filter cake, the water content of the
extrusion mix was adjusted (by adding water or by evaporating water) to obtain
an extrudable mix. The mix was then extruded, dried in air at 120°C overnight
and calcined at 340 °C for %2 hour. The amount of laponite (relative to the total
amount of metal oxides + laponite) was 3.0 wt%. The amount of laponite in the
end product (= final calcined catalyst including also ca. 1.9 wt.% attapulgite and
ca. 3.8 wt. % silica) was 2.8 wt.%. This catalyst was then sulfided and tested as

described below in Test Procedures 1 and 2.

Comparative experiment C1 (Ni1lMo00.5W0.5)

[00171] In this experiment, Example E1 was repeated without the addition of
the laponite suspension. This catalyst was then sulfided and tested as described

below in Test Procedures 1 and 2.

Testing E1 and C1 by Test Procedures 1 and 2

[00172]  The catalysts prepared in examples E1 and C1 were tested in Test
Procedure 1 described below in the hydrotreatment of a Vacuum Gas Oil (VGO)
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feedstock using 4 different test conditions (TC1.1 to TC1.4, respectively) and in
Test Procedure 2 in the hydrotreatement of Ultra Low Sulfur Diesel (ULSD)
feedstock using in 2 different test conditions (TC2.1 and TC2.2, respectively).
The test conditions and the test results are given in Table 3. For each test
procedure the residual sulfur level (S in ppm) and nitrogen (N in ppm) is given
with the activity (relative volume activity RVA) for sulfur removal (HDS) and
nitrogen removal (HDN). For each test condition, the activity of the catalyst of
the comparative experiment was set at 100% and the activity of the catalysts
according to the invention was expressed in percentage relative to the
comparative catalyst. CBD is the compacted bulk density of the catalyst. Details

of the test procedure are described in more detail below.

Test Procedure 1: VGO testing

[00173]  The catalysts were tested in an upflow tubular reactor. Each reactor
tube contained 50 ml of catalyst mixed with an equal amount of SiC particles
and sandwiched between layers' of SiC particles. Before testing the catalysts
were presulfided via liquid phase presulfiding, using the feed described below in
Table 1 which had been spiked with dimethyl disulfide to a total sulfur content
of 3.7 wt.% at temperature of 320 °C, a pressure of 40 bar, a hydrogen to oil
ratio (NI/1) of 300 and at a liquid hourly space volume (LHSV) (1/h) of 1.76.
The presulfided catalysts were then tested in the hydrotreating of a VGO
feedstock having the properties shown in Table 1.

Table 1

VGO feed
Feed
Density at 15°C (g/ml) 0.9207
Density at 50°C (g/ml) 0.8964
Hydrogen Content (% wt.) 12.2
Sulfur Content (% wt.) 1.6297
Nitrogen Content 1714
(ppmwt.)
Pour Point (°C) 46
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Test procedure 2:

ULSD testing

[00175]

The results of the VGO test for the catalysts of examples E1 and C1

The catalysts were tested in the same way as in Test Procedure 1,

except the amount of catalyst was 10 ml instead of 50 ml, the liquid hourly space
volume (LHSV) (1/h) was 3.00 instead of 1.76 and the feedstock spiked with
dimethyl disulfide was the ultra low sulfur feed of Table 2. The presulfided

catalysts were then tested in the hydrotreating of a diesel feedstock having the

properties shown

in Table 2:
Table 2
ULTRA LOwW SULFUR DIESEL FEED
S (wt.%) 1.2
N (ppmwt) 102
Total aromatics (wt.%) 283

Polynuclear aromatic (PNA) (wt.%) | 11.8
Mono-aromatics (wt.%) 16.5
Di-aromatics (wt.%) 11.0
Di+-aromatics (wt.%) 0.8
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for 1 hour. The materi | A hen—sul fided—and [(—J*%ﬁ g Test Procedure
3. Conparative experirv.t (N-HAE—re—t-apent-te TR rdays) [00182] A
catal yst was prepared |i/8 ¥¥ocedure simlar to tHz 9t Cbrpar ative exanpl e
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neated to 89D Gha raftsdef fERR Yady (e RIS RyRhp O F BHIGHT o

cont i nuougr&Ehéwhia Table 8he end of this time, the suspension was filtered.
The resulting solid was dried at 120C for 16 hours (overnight). The
resulting solid was pelleted, the pellets were crushed and a 40-60 nesh
fraction was isolated by sieving. The material was then calcined at 300 C
for 1 hour. The material was then sul fided and tested using Test Procedure.
Test Procedure 3: diesel [00184] The catalysts E2, E3 and C2 to C5 were
tested in a diesel
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Example E2 (NilW1 + 3w% laponite)

[00177] 1.8 g laponite (LOI = 11.2 %, Laponite RD available from
Rockwool Additives Limited) was suspended in water in a separate stirred |
vessel for approximately one hour. 50.0 g of tungstic acid H;WO, (0.2 mole
W) was slurried in one liter of water together with 23.5 g of nickel
hydroxycarbonate 2NiCO;*3Ni(OH),*4 H,O (0.2 mole of Ni). Then the
laponite suspension was added and the mixture was stirred until the slurry
became homogeneous. The suspension was heated to 95°C and held at that
temperatufe for a period of 24 hours (overnight) with continuous stirring. At
the end of this time, the suspension was filtered. The resulting solid was dried
at 120°C for 16 hours (overnight). The resulting solid was pelleted, the pellets
were crushed and 40-60 mesh fraction was isolated by sieving. The material
was then calcined at 300 °C for 1 hour. The material was then sulfided and

tested as described below in Test Procedure 3.

Example E3 (Ni1Mo00.5W0.5 + 3w% laponite)

[00178]  The same catalyst as Example 1 was sulfided and tested as

described below in Test Procedure 3.

Comparative experiment C2 (Ni1Mo0.5W0.5 no laponite)

[00179]  The same catalyst as Comparative 1 was sulfided and tested as

described below in Test Procedure 3.

Comparative experiment C3 (Ni1W1 no laponite)

[00180] A catalyst was prepared as described in Example E2, however
without the addition of laponite suspension. The catalyst was sulfided and

tested as described below in Test Procedure 3.

Comparative experiment C4 (Ni1W1 no laponite - 150 °C)

[00181] A catalyst was prepared in a procedure similar to that of

Comparative example C3, except the reaction was carried out at 150 °C in an
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autoclave heated with microwave radiation, under autogenic pressure for about
6 hours, instead of 95 °C under atmospheric pressure in an open vessel for 24
hours. 2.35 g of Ni carbonate (0.02 moles Ni) was added to 100 cc of water
along with 4.99 grams of tungstic acid (0.02 mole W). The suspension was put
into a sealed Weflon™ vessel of 275 cc total volume and heated with
microwave radiation at 10°C/min to 150°C and held under autogenic pressure at
that temperature for 6 hours with continuous stirring. The sample was cooled
to room temperature and the solid filtered and dried overnight at 120°C. The
obtained material was pelleted, the pellets were crushed and a 40-60 mesh
fraction was isolated by sieving. The material was then calcined at 300 °C for 1

hour. The material was then sulfided and tested using Test Procedure 3.

Comparative experiment C5 (Nil1W1 no laponite - 90 °C, 7days)
)

[00182] A catalyst was prepared in a procedure similar to that of

Comparative example C3, except the reaction was carried out at 90 °C in an

open vessel for 7 days.

[00183] 50.0 g of tungstic acid HWO, (0.2 mole W) was slurried in one
liter of water together with 23.5 g of nickel hydroxycarbonate
2NiCO5*3Ni(OH),*4 H,0O (0.2 mole of Ni). The suspension of the 2 solids
was heated to 90°C and held at that temperature for a period of 7 days with
continuous stirring. At the end of this time, the suspension .was filtered. The
resulting solid was dried at 120°C for 16 hours (overnight). The resulting solid
was pelleted, the pellets were crushed and a 40-60 mesh fraction was isolated
by sieving. The material was then calcined at 300 °C for 1 hour. The material

was then sulfided and tested using Test Procedure.

Test Procedure 3: diesel

[00184]  The catalysts E2, E3 and C2 to C5 were tested in a diesel
hydrotreatment process 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

59



90 vol . % 348C Fi nal
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boi ling point 372C
under the two conditions shown in Table 5. The test
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[ 00185] The catal ysts were tested
results are given in
HDS, HDN, N and Spcefuseooso132sndi ti ons
Presul fiding Condition 1 Condition 2

were presulfided via liquid phase presulfiding using the feed described in Table

wt.%. The presulfided catalysts were then tested in the hydrotreatment of a

diesel feedstock having the properties shown in Table 4.

Table 4

GAS OIL FEEDSTOCK
S (wt.%) 1.1969
N (ppm wt) 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

[00185]

The catalysts were tested under the two conditions shown in Table

5. The test results are given in Table 6, wherein suffix 1 and 2 after HDS,

HDN, N and S refer to Conditions 1 and 2 given in Table 5.

Table 5
Presulfiding | Condition 1 | Condition 2
Temperature (°C) 320 320 340
Pressure (bar) 45 45 20
H, to oil ratio (NI/]) 200 300 300
LHSV (1/h) 3.00 3.00 1.50
[00186]  The results presented in Table 6 show that nanosized clays allows

the preparation of catalysts with superior hydrotreating performances relative

to catalysts prepared without nanosized clays, even when long reaction times or

hydrothermal conditions are used in the absence of nanosized clays.
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LHSV (1/h) 3.00 3.00 1.50 [00186] The results presented in Table 6 show

t hat nanosi zed clays allows the preparation of catalysts with superior

hydr ot r eawOrgogpesf7or mances rel ati ve to catal ysts prepar @edTaiseévsoi32sanosi zed
cl ays, even when long reaction times or hydrothermal conditions are used in

t he absenﬁgaﬁglé@go@;ﬁmcﬁi t.% laml e E4 (NIW + 1 OMm.% | aponite)

[00187] 7.3 g laponite (LOI = 11.2 %, Laponite RD available from
Rockwool Additives Limited) was suspended in one liter of water in an open
stirred vessel for approximately one hour. As mentioned in Example E1, the
laponite used in this example is formed of primary particles that are disc-like
platelets of about 0.92 nm thickness and having a lateral dimension of about 25
nm. According to the manufacturer the laponite has a surface area of over 900
m’.g". 49.9 g of tungstic acid H, WO, (92.7 wt.% WOs3, 0.2 mole W) and 23.5
g of nickel hydroxycarbonate 2NiCO;*3Ni(OH),*4 H,O (0.2 mole of Ni) were
added to the laponite suspension while stirring. The mixture was stirred until
the slurry became homogeneous. The suspension was heated to 90°C and held
at that temperature for a period of 20 hours, while stirring. The pH of the
suspension measured 5.7. At the end of this time, the suspension was filtered.
The resulting solid was dried at 90°C overnight. X-ray diffraction of the
resulting solid showed the typical features of the catalyst according to the
invention, as shown in the top XRD pattern of Figure 2.

Comparative Example C6 (Ni1W1 + 10wt.% Actigel 208)

[00188]  The procedure of Example E4 was repeated, except Actigel 208
was used instead of laponite. Actigel 208 is a high quality, purified, self-
dispersing natural clay having rod-shaped particles that average a thickness of
about 3 nm and a lateral dimension of about 2 microns. The X-ray pattern of
the resulting solid is shown in the bottom XRD pattern of Figure 2 and shows
peaks characteristic of unreacted metal species rather than the characteristic

pattern of the desired bulk metal particles.
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[00187]7.3 g laponite (LO = 11.2 % Laponite RD avail able from

Roci cwool Additives Limted) was suspended in one liter of water in
an open stirred vessel for approximately one hour. As nentioned in
Exanple El, the laponite used in this exanple is fornmed of primry
particles that are disc-like platelets of about 0.92 nmthickness and
having a | ateral dinension of about 25 nm According to the

manuf acturer the | aponite has a surface area of over 900 nR.g-1. 49.9
g of tungKEAIMS d H2W4 (92.7 wt.% W3, 0.2 nole W and 23.5 g of

ni ckel hydroxycarbonate 2N CO3*3Ni (OH) 2*4 1120 (0.2 nole of Ni) were
added to the laponite suspension while stirring. The m xture was
stirred until the slurry becane honbgeneous. The suspensi on was
heated to 90C and helﬁdnﬁthoﬂff&th}fdﬁiﬁﬂﬁfe@img leydrevartdnFesds ek baid thehtRdr S,
while stirring., The pH of t % nsion nmeasured 5.7., At the end of
this time COPRESBEEPRUALIGT OCFIUPD redEfocHcE BlipRrPeRgsiag Fonditinns wthiaed
at 90C ovefi &Mlyst Kompdsititind Johﬂa?fsin%%uﬂim&tﬁ'@pa’iﬁé&l whBginsald ﬂll@ﬂl@%@aﬁﬂ@s
typical features® of the catalyst according to the [ nvention

in the topoMRDspattern of Figure 2. Conparative Exanple C6 (N 1WL +

| Oat . % Actigel 208) [00188] The procedure of Exanple E4 was repeated,
except Actigel 208 wasleagene Grgtre¥dl! mn-h@h:})@mieméandﬁatﬂéagtadneﬂ’)ﬁup ¥ 1R metal,
hi gh qualit fled f-dis rS| natural havi.

Fod- shapedKpRs pebE iiad Sron LR el i 8 Syt P and s,

| at eral diam@nsi on of about 2 mcrons. The X-ray pattern of the
resulting solid is shown in the bottom XRD pattern of Figure 2 and
shows peaks char act erdasdgagtiods HANNBACK Ben < FHless PRGI 185, "sﬂﬂ'ﬂ@ﬁop%ﬂﬁ[bst he
characterlstlc attern of the desired bul k netal partlcles CLAI M5
1. A et hdgimestitferpelin penpesitianiion yaid StarbBHI necaehlorris] and@wunstiRavetal
conpri si nqaxﬁeetsaﬁwbglq) Sl aGASRAML BRfshAgk, under hydroprocessing
conditions wth a ﬁ catal'yst conposition conprising bul k metal
particles, wherein said bulk netal particles conprise

at least one G oup VIII non-noble netal and at |east one G oup VIB
netal, said netals be{‘h@% dltl}% fH(r)lr1 w%f OXI des, sulfides, or a
conbi nati on of oxi des an 4 nacom nanoparti cl es

havi ng a di nensi on of t anoparticl es i n

Gt opent oo oSt e %ﬂ%e?ﬂa‘g%{%@* @Gga%P T RORBRE ireleE 2 bEi8 ypg metal
G oup VIB lmema.bumnaﬂqm&wsf talledatedds ﬁ@@ﬁllolﬂﬁieta@ Bxﬁfas &mud@& @8 €btal weight
sul fides. he nethod of claim1l

the conbi r?éé“\%é??jﬂtpam‘de@r’i?ef?s‘iﬂt# fromeR %ﬁr@%m% aiihe tgte oright Bl thetoalk
in said byldamBiRlespadt i cl es, calcul ated as weight of metal oxides
relative to the total weight of bulk netal particles, represents from

50 wt.%to 99.5 wt. %pf W&Qﬁt &ﬁ%ﬂépa\oﬁl&hﬁ szQII bﬁﬂﬂ%aﬂlp}&ﬂ@és%pr&%{l{sifﬁ)lrr?ﬁ.-S

and,
wt.% to 15 wt. % relative to the total weight of the bulk metal particles.

3. The method of claim 2, wherein the combined weight of Group VIII non-
noble metal and Group VIB metal in said bulk metal particles, calculated as weight of metal
oxides, represents from 70 wt.% to 99 wt.% relative to the total weight of the bulk metal

particles.
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t he wei ght of nanoparticles in said bulk netal particles represents
fromO0.5 mt.%to 15 mt. %relative to the total weight of the bulk
netal particles. 3. The nethod of claim 2, wherein the
conbi ned wei ght of G oup VIII non-noble nmetal and G oup VIB netal in
said bulk netal particles, calculated as wei ght of netal oxides,
represents from70 wt.%to 99 w.%relative to the total weight of
the bulk netal particles. 4. The nmethod of claim?2 or
claim 3, wherein the Mesingthododf clram@pardldiml 3e sheminsthe drelpht &f mapbgdrticles in
particles represents frqm0. 75 to.10 Y% relative to the tota

hel ot of FROEARERRiA BeRer o o'fs 808 el GbeBust B af e
2 or cl ai roulk mefabpaeiidled. he wei ght of nanoparticles in said bulk netal
particles represents froml to 5 w.% relative to the total weight
of the bulk netal particles. 6. A method for

hydr opr ocessi ng hydrocar bon feedstocks, said nmethod conprising
contacting a hydrogarfmdiefisicpah 2URLeimRY PheRMAGES2| Ao LRI QRS
with a bul k catal yst conposition conprising bulk netal particles,

wher ei n sarid bull metabpaticlparepicsdnassirora i do Beratopelapas edhdiptad weight of the bulk
manuf actur'&%p%%e«gss conprising the steps of conmbining in a reaction
m xture (in;‘ i'spersi bl e nanoparticles having a dinension of |ess than
about 1 pi mupon being dispersed in aliquid, (ii) at |east one G oup
VII1 non-noble netal compound, (iii) at |east one G oup VIB netal

G oup V111 "nons nobfe AEEed Gridmeiedrpd Rt et e S os
netal in tcbmpHsiag eantsotl athy@rodameR &eliitediesnder hydroprocesHAGEGHdRicHAGh a

di spersi bl e nanoparticles differ in conmposition fromsard Goup VIII
non- nobl e bt Gfal ek gorepesitipnvemprising bulkgngalutagicles, wherein said bplk mpfal particles

et hod ac qlg{fgﬁé?eﬁlp:'r%afe'd@tyrg Iﬁanu%frﬁﬁgbr&&gs 5@1&5@ g}n%QH@Q Qﬁ‘ cgﬁ‘lgin"i’n%_lilé%aﬁ

partly in the so state during t proces manuf-act uri ng
bul k net alregstion ingttes.(i) dispersible nan®@pariibles hatimpaldiacosipo bfilgss thac htaut #n

wherein the nanoparticles are. ed,to the re ton m.xture after the
oo nat | aroR PARE Asharked i e3iafich S 1668 ohd B0 gh S mntt e Srhinting
to cl ai m Tii)iatlewd o8O Gidig ViBaattaDébnifoshdilaad i(i%) P prmaNigaiddiid reacting the at

least one Group VIII non-noble metal compound and the at least one Group VIB metal in

the presence of the nanoparticles,

wherein said dispersible nanoparticles differ in composition from said Group

VIII non-noble metal and Group VIB metal compounds.

7. The method according to claim 6, wherein the metal compounds are at

least partly in the solid state during the process of manufacturing the bulk metal particles.

8. The method according to claim 7, wherein the nanoparticles are added to

the reaction mixture after the combination of the metal compounds.

9. The method according to claim 7, in which the reaction mixture is prepared
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a) preparing a first suspension of the at |east one Goup VII

non- nobl e nmetal conpounds in a protic |iquid; b)
preparing a second suspension of the at | east one G oup VIB netal
conmpounds in a protic liquid; and, c) conbining the

first and second suspensions; wherein either the first, second, or
both the first and second suspensions contain the nanoparticles.

10. The nmethod according to claim9, wherein said at | east one G oup
VIl non-nobl e netal 2 breparintke Eshprpasionml diedt leogirope facer BHI nprekedile

hydroxycagggﬁq£ﬁggéﬁgﬁgaggﬁgﬁiL%;the presence of nanoparticles having

a di nensi on of 11. The net hod accordi ng
to any one of clains to 10, wherein the bul.k t al ti

obtaf med af ter roact ISR Pat SRS ulb s tp Rl S R enf BtV B et ng
steps: a) cooppasisth Agrdtbdiqeidt kndyet al particles with a materia
selected fromthe group consisting of binder materials, conventional

hydroprocessi ng cat alcy séhbinfiialdfiRgarkiQapidndspeasions; Xt ures thereof ; b)
spray-drying, (flash) drying, mlling, kneading, slurry-mxing, dry

or wet M XiHegeiR itted fH fad 5RB8d, bPBsB Mo &) ardiNARIndGuspdhsiSiisydon@irAd / or

u
thermal ly treating; or e5 sul fidi ng. 12. The met hod of any
of the pr@eeetiariflest ai ms, wherein the nanoparticles are nmineral clay
nanoparti cl es.

10. The method according to claim 9, wherein said at least one Group VIII
non-noble metal compound comprises nickel carbonate or nickel hydroxycarbonate

precipitated in the presence of nanoparticles having a dimension of less than 1 ym.

11. The method according to any one of claims 6 to 10, wherein the bulk

metal particles obtained after reaction are subjected to one or more of the following steps:

a) compositing the bulk metal particles with a material selected from the
group consisting of binder materials, conventional hydroprocessing

catalysts, cracking compounds or mixtures thereof;,

b) spray-drying, (flash) drying, milling, kneading, shury-mixing, dry or

wet mixing or combinations thereof;
¢) shaping;
d) drying and / or thermally treating; or

e) sulfiding.

12.  The method of any of the preceding claims, wherein the nanoparticles are

mineral clay nanoparticles.
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13. The method of any of the preceding clains, wherein the
nanoparticles are platelets having a thickness of 0.1 to 1 5 nm an
aspect ratio of 100 to 1500 and a surface area greater than 250 n/g.
14. The nmethod of any of the preceding clainms, wherein the
nanoparticles are selected fromthe group consisting of synthetic
clays of the snectite famly, layered silicic acids, kaolinite,

| aponite, halloysite and m xtures thereof 15. The net hod of
any of claims I1to 13, Theenethed efvnywddemarcciinkskrinsndiesdin degeneiagidlss are

of | aponit . 16 T th according. t th
p? telets haVI\IAIﬁ a thl%lgletg%%%af%l lég grtn, St z?spggt Cr)%bo (%I 1;6p¥0 ?§00 and a surface

pr ecedi ng “cl ar ns, erern one non-"nobl € mnmeta
i s cobal t aasudéredterrthak®d0.m*/g. 17. The method according to any of
the preceding clainms, wherein said at | east one Goup VIB netal is

nmol ybdenum and/ or tungsten. 18. The nmet hod according to any

of the preceding clains, wherein the netals present in the bul k netal

particles consist essertidmbthyd 6f anfio€ Wl predeii@elaems, anidrdi® i fsPaMcles are
19. The method according to any of clains 1 to 17, wherein the netals

present i rfelepied amdhergroap cpryittingloésynghssicliys aktbhe pmpeite {rnuky, livered silisisd
tungsten. acids, kaolinite, gagwlmﬁﬂ-%?lgquﬁg&dalﬁﬁggr tﬂgrehf.) any of the preceding

clains, whereint partic urther conprise a Goup V
nmet al . 21. The nmethod according to claim 20, wherein
the G oup V netal is niobium 22. The nethod according to

conditions are cond
hydr ogenatesentislty ¢fllagonkty.dr ogenol ysi s.

oy O L precect i, ohl B UAeL R g5k, & ESpbuR MR ERT R

16. The method according to any of the preceding claims, wherein the at

least one Group VIII non-noble metal is cobalt and/or nickel.

17. The method according to any of the preceding claims, wherein said at

least one Group VIB metal is molybdenum and/or tungsten.

18. The method according to any of the preceding claims, wherein the metals

present in the bulk metal particles consist essentially of nickel, tungsten and molybdenum.

19. The method according to any of claims 1 to 17, wherein the metals

present in the bulk metal particles consist essentially of nickel and tungsten.

20. The method according to any of the preceding claims, wherein the bulk

metal particles further comprise a Group V metal.
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23. The nethod of any of the preceding clains, wherein said

hydr opr ocessi ng condi tions include tenperatures rangi ng from about
100C to about 450C, liquid hourly space velocities ("LHSV') from
about 0.05 to about 20 hr-1 and pressures fromabout 5 to about 250
bar . 24. The nmethod of any of the preceding clains, wherein
t he hydrocarbon feedstock has a boiling range of fromabout 150 Cto

about 650C.
21. The method according to claim 20, wherein the Group V metal is

niobium.

22. The method according to any of the preceding claims, wherein said
effective hydroprocessing conditions are conditions effective for at least one of (i)

hydrogenation or (ii) hydrogenolysis.

23. The method of any of the preceding claims, wherein said
hydroprocessing conditions include temperatures ranging from about 100°C to about 450°C,
liquid hourly space velocities ("LHSV") from about 0.05 to about 20 hr-1 and pressures
from about 5 to about 250 bar.

24. The method of any of the preceding claims, wherein the hydrocarbon
feedstock has a boiling range of from about 150 °C to about 650°C.
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