Hydroconversion Milti-Metallic Catalyst and Method for Making Thereof
CROSS- REFERENCE TO RELATED APPLI CATI ONS [001] This application clains
priority Wo2u®/Rat3ent Application Serial Nos. 12/432, 730CTARLUBA32P88, and
12/ 432,723 all with a filing date of April 29, 2009. This application
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20 components, or compounds, or their conversion to innocuous or less undesirable
compounds.
[004] The pore structure of catalysts is usually formed in the crystallization stage
or in subsequent treatment. Depending on their predominant pore size, the solid
materials are classified according to size into three categories; micropores (dimension
25  smaller than 3.5 nm), mesopores (dimension ranging from 3.5 — 500 nm) and macropores
(dimension larger than 500 nm). The use of macroporous solids as adsorbents and
catalysts is relatively limited due to their low surface area and large non-uniform pores.
Microporous and mesoporous solids, however, are widely used in adsorption, separation
technology and catalysis. Owing to the need for higher accessible surface area and pore
30 volume for efficient chemical processes, there is a growing demand for new highly stable

mesoporous catalysts. However, a catalyst that is highly porous does not necessarily

mean that the catalyst has a lot of surface area. The catalyst may be too porous, having



reactive sites. [005] It is known in the prior art for the making of
zeolites and supported sulfide catal ysts with nmesoporous structure for
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cont r ol | egykQniiHDRcthiNe c% Pf?)h%éd abmth&uta t%lraeatfsoph@\%g £ 45 p B8RV Eotherm
DESCRI PTI ON OF THE DRAW NGS [ 008] Figure I's dlagran1shomnng an

enbodi nentwitbfa B3+ pmgdgstgrefsxjrloq,ka gmanufacturing rnethod comprises: a) forming a

precipitate comprising at least a promoter metal precursor, at least a Group VIB metal
precursor, optionally a ligating agent, and optionally at least a diluent, wherein the

20  promoter metal precursor is selected from Group VIII, Group 1IB, Group IIA, Group IVA
and combinations thereof; b) removing at least 50% of liquid from the precipitate
forming a filter cake; c¢) adding to the filter cake at least one of a shaping aid agent, a pore
forming agent, a peptizing agent, a diluent, and combinations thereof, forming a batch
mixture; d) shaping the batch mixture into a shaped catalyst precursor via any of

25  pelletizing, extrusion, tableting, molding, tumbling, pressing, spraying and spray drying;
and b) sulfiding the shaped catalyst precursor forming a bulk multi-metallic catalyst. In
one embodiment, the amount of ligating agent is controlled to vary or tune the mesopores
of the catalyst precursor. In another embodiment, the additives to the shaping step are
varied and controlled to tune the mesopores of the catalyst precursor.
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a multi-netallic catalyst froma nmesoporous catal yst precursor having a
Type IV isothermwth a H3-type hysteresis loop. [009] Figure 2 is a graph
i Il ustratwogotde7fd8 adsorption (-{- ) and desorption (- @CX/Ussaviosa9ss of one
enbodi ment of the catal yst precursor. [010] Figure 3 is a graph
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[013] Figure 6 is a graph illustrating the N2 adsorption (- ) of a catalyst

precursor that does not have a type IV isotherms.

DETAILED DESCRIPTION
20 [014] The following terms will be used throughout the specification and will
have the following meanings unless otherwise indicated.
[015] SCF/BBL (or scf/ bbl, or scfb or SCFB) refers to a unit of standard cubic
foot of gas (N, Ha, etc.) per barrel of hydrocarbon feed.
[016] LHSV means liquid hourly space velocity.
25 [017] The Periodic Table referred to herein is the Table approved by IUPAC and
the U.S. National Bureau of Standards, an example is the Periodic Table of the Elements
by Los Alamos National Laboratory's Chemistry Division of October 2001.
[018] As used here, the term “bulk catalyst” may be used interchangeably with
“unsupported catalyst,” meaning that the catalyst composition is NOT of the conventional
30  catalyst form which has a preformed, shaped catalyst support which is then loaded with
metals via impregnation or deposition catalyst. In one embodiment, the bulk catalyst is

formed through precipitation. In another embodiment, the bulk catalyst has a binder



is formed fromnetal conpounds and w thout any binder. [019] As used
herein, the phrases "one or nore of or "at |east one of when used to
pref ace swoepw/12ei3enents or cl asses of el enents such asPEI/US2@08328Dr
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[023] As used herern, "shaped catal yst "precursor” means catal yst precursor
formed (otheghiedests)ofty deprengssing ¢anghopaipeavicd giscpsititd, Ngcosgiyandikest i ng,

beadi ng, tablet pressin brickettin usi,ng..conpression t had via
ext 1 usT on BPeD PR oS eIt wromaios, PRy APh SRS atoon of vt
m xtures. The girapedscaédhdrsih, TIOCEH t&Bferi@dirabercldts ®tie Lo adn otemnsi
including but not imted to pellets, cylinders, straight or rifled

(twi st ed) facdstpeiplayingbeiling peiat eygrcaaeihan 70Qbi et losy thagd 00Ck6Ed ,°C)
honeyconbﬁoiliﬁé %Bﬁl’t m%{eirfalsqg '?ﬁl’ydroconversion process, computed as (100% * (wt. %
boiling above 700°F materials in feed - wt. % boiling above 700°F materials in

20  products)/ wt. % boiling above 700°F materials in feed)).

[022] Asused herein, “LD50” is the amount of a material, given all at once,
causes the death of 50% (one half) of a group of test animals. LD-50 measures the short-
term poisoning potential (acute toxicity) of a material with the testing being done with
smaller animals such as rats and mice (in mg/Kg).

25 [023] As used herein, “shaped catalyst precursor” means catalyst precursor
formed (or shaped) by spray drying, pelleting, pilling, granulating, beading, tablet
pressing, bricketting, using compression method via extrusion or other means known in
the art or by the agglomeration of wet mixtures. The shaped catalyst precursor can be in
any form or shape, including but not limited to pellets, cylinders, straight or rifled

30 (twisted) trilobes, multiholed cylinders, tablets, rings, cubes, honeycombs, stars, tri-lobes,
quadra-lobes, pills, granules, etc.

[024] Pore porosity and pore size distribution in one embodiment can be

measured using mercury intrusion porosimetry, designed as ASTM standard method D
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guadr a-| obes, pills, granules, etc. [024] Pore porosity and pore size
distribution in one enbodi nent can be neasured using nercury intrusion

por osi metw9,20eigned as ASTM st andard net hod D4284. | npramatshew/0a298vdi ment ,
pore porosity and size distribution are neasured via the nitrogen

adsorptio t hod. .[ 025 ayered or textural porqgsity is the porosity that
can be at g?% J?‘é’&orth%r %%%Jémﬁ%tt RRIEROFasifépRd dize B}SE&UQP a@fmﬁaast“é?ﬁy’é% the
pr ecur sor giropReadbtptloddndtRod.Ne art of transm ssion el ectron spectroscopy

(TEM can deferm ne the existence of layers or platters of catalyst
precursors frof24l ghayesbpuckural PEMsityrisgbe poiOsigy thiat ¢dnd dtimibuted taveidef

adsorptiop _can distinguish and evaluate the.l a d_por osi by.the
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and asses§let@IEiRErNcop L KIENIRLa RIGRAUOGE tYistehcyf 1dpas 6fplaert Becpsgsence of
a type I'V adsorptjon-desorption isotherm exhibiting well- defined

hyst er esi Brecwsprsifron highresplyionofEMamaggsy Onsrskillpdrie thpy ppofadgopgort Sithg et

al., Pure . . - 5) Jan: e ] | yst of

t he prese%@ﬁﬁ%EeH%ﬁgﬁaﬁgkégggm?ggﬁpg%ﬁ %ég%%%%gﬁ%%§?% J@E@%@gérgr %extura

MESOpPOr ousatalgktgrySirsopr €dny 8oy to detet andaspeRdyeralrorstalital mesaplorasitly us ed

catal yst precursor exhibiting@%ype IV isotherns. In one enbqdinent, the
PR

catal yst PYEEICEEY hopTessrnp &Vidruruer-desprtiondsetherpaedgyiingyelhs havi ng
a H3-type iy iigr fe%isllé?%bgi thg%élon%@ﬂaﬁ§i%1%5ﬁgélp/ﬁ% > OHp é%ﬁg | yiStp g ecur sor

with a type IV adsorpti esorption 1sothermis convert nto a catal yst
(becom ngAppk ahyni, gal. bY, @3t6 W) 98Pvn sul fidati on, for subsequent use in

hydr odesul furi zati o ), r odear omat.i zat.i on (HDA), and

nydr odeni tri 11 B3] ot PRy PeLeeBE B Ran EiaR pubid bt Adsrdon be a
hydr oxi deg@&kiRX |a96red®k &ixidthl mBopBRUE dath iy iPraturbRand., aa%d?fr falipet al
precursor and at "l east a Goup VIB netal precursor. [028] In one

enbodi nenstruatired eatelybiyrecyssas cahibsmgitypa Reisphermsf Ingpnigghibodumanit.the al | i ¢
oxi de compr.i.si.ng of at. | east oup, VI11, non-nobl e,mat eri and at | east
O o S onBipRM e Gend? on BB bk B b on LA S PR et o Lo

G oup V1Ihy@@ﬁgggﬁ@e netal ranges fromabout 10:1 to about 1:10. In another

enbodi ment, the oxide catalyst precursor is of the general fornula:
(X) b(M) c(Wd B27] weatabishProduet: NFhegatadpst precursor with a type IV adsorption-

desorption isotherm is converted into a catalyst (becoming catalytically active) upon
sulfidation, for subsequent use in hydrodesulfurization (HDS), hydrodearomatization
20  (HDA), and hydrodenitrification (HDN) processes. The catalyst precursor can be a
hydroxide or oxide material, prepared from at least a Promoter metal precursor and at
least a Group VIB metal precursor.
[028] In one embodiment, the catalyst precursor in the form of a bulk multi-
metallic oxide comprising of at least one Group VIII non-noble material and at least two
25 Group VIB metals. In one embodiment, the ratio of Group VIB metal to Group VIII
non-noble metal ranges from about 10:1 to about 1:10. In another embodiment, the oxide
catalyst precursor is of the general formula: (X)p(Mo)c(W)4 Oz; wherein X is Ni or Co,
the molar ratio of b: (c+d) is 0.5/1 to 3/1, the molar ratio of ¢: d is > 0.01/1, and z= [2b +
6 (c +d))/2. In one embodiment, the oxide catalyst precursor further comprises one or
30 more ligating agents L.
[029] The term “ligand” may be used interchangeably with “ligating agent,”
“chelating agent” or “complexing agent” (or chelator, or chelant), referring to an additive
that combines with metal ions, e.g., Group VIB and / or Promoter metals, forming a larger
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the nolar ratio of b : (c+d) is 0.5/1 to 3/1, the nolar ratio of ¢ : dis >
0.01/1, and z = [2b + 6 (c + d)]/2. In one enbodi nent, the oxide catalyst
pr ecur sorwbuptaerieonpri ses one or nore |igating agent sPCT/USO®9j032PRe t er m
"l igand” may be used interchangeably vvi t h “ligating agent," "chelating

agent"” or "conpl exi ng a]&?nt"wéior cgéj qr chel anqﬁ refer ng to an
addi tive PMEPICETHI HELANGIHCGEOL) @ Fﬁ“s“taé‘n% et@%ﬁﬁr JBStg’ﬁH? Pr onot er
netal s, fgemkingofihk 9§zl ex, e.g., a catalyst precursor, and

faci |Itatl ng the tuning or adjustnent of the porosity of the nmesopores.
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f at I tt
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nonoval ent g@tl oni ¢ specl es, Mrefers to at least a metal in their
el enent al (Mr~ Oehybersth A bt 9AC QARPTE Maspwalenttcationie sprciqrpMercliry i dthepshgent s.

03 1] |
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wherein A is one or_nore noppoval ent cationic specjes S Ne \Qf

group HA Htiaplysiongf ¢t least pABUGH. TRbS PERYLROT A lvaveﬁ%ﬁt ﬁ&r@ulaA‘} [ﬂ\é Ak aum L
I'S ong, or Fn | @IJU QE}W'& 1(?%§Fb§)z (W%%Xf)lﬁlréﬁﬁ? islofe Br Mokd HBnGaH na noi ety,

MWIB is one’or nore VI'B ret al s atoImcratloofMllp WwWI B
bet ween 16@ichicspdcits, N I&)AIS|OIIIG onmoenpod) Hnmetaly, i\/{;wétsolneasmow@rmlﬁ)\éﬂl al kal i

nmetal cation ni um. an _or gani c..anmoni um anp honi cation. In
one. embodl iy ALK TURGud: BanF P ROHCHEUBE R A0  onsb Bk e SUCRIHIIGy her
quat er nar y oIV 8 ¢RI m&E gﬁaﬁlpvm M@%ﬁ MCAbInRNG1io 8F KAl Mret al

cations, and conbinati ons thereof. [0 In one enbodi nent, L is one or

nmor e opt i befadeen {1 @il iandy 1 d@@nﬂrsond mnlaqd@mhtetr Agprbiddastrent of 4n alkaltmatageatwgut ral

or ha§ a ne ative char?g i S i atlper qbod Lis a pon-t Xi C
organitc oXyFeR CoRP4l %é“i “‘gl%lPu ﬁ‘&l%‘ﬁpnlf ‘%RP‘%‘%P%IHCE% PR A nyt € oral
dose to ratsecRl fnealoabvdliaratéiy sied LKONHIREothel (Hatcemay g@nivRiin &ns, refers
to the fact that the catal yst precursor carries no net positive or negative

charge. EREpicabosphonivgecasions.allealinpetal saipne and sopbingdenstthereofas wel | as

onodent at e, e[(gﬁ] %neae?nbodlment, L is one or more optional ligating agents. In another
embodiment, L is charge neutral or has a negative charge n <= 0. In another

20  embodiment, L is a non-toxic organic oxygen containing ligating agent with an LD50 rate
(as single oral dose to rats) of greater than 500 mg/Kg. The term “charge-neutral” refers
to the fact that the catalyst precursor carries no net positive or negative charge.
Examples include but are not limited to polydentate as well as monodentate, e.g., NHs as
well as alkyl and aryl amines; carboxylates, carboxylic acids, aldehydes, ketones, the

25  enolate forms of aldehydes, the enolate forms of ketones and hemiacetals; organic acid
addition salts such as formic acid, acetic acid, propionic acid, maleic acid, malic acid,
cluconic acid, fumaric acid, succinic acid, tartaric acid, citric acid, oxalic acid, glyoxylic
acid, aspartic acid, alkane sulfonic acids, aryl sulfonic acids; arylcarboxylic acids;
carboxylate containing compounds; and combinations thereof.

30 [033] M is at least a promoter metal. In one embodiment, M" has an oxidation
state of either +2 or +4 depending on the Promoter metal(s) being employed. M” is
selected from Group VIII, Group 1IB, Group IIA, Group IVA and combinations thereof.

In one embodiment, M" is at least a Group VIII metal and M" has an oxidation state P of
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wel | as al kyl and aryl am nes; carboxyl ates, carboxylic acids, aldehydes,
ket ones, the enolate forns of al dehydes, the enolate forns of ketones and
hem acet aWe;20wigarsoc aci d addition salts such as form cPatiu$201808298¢ aci d,
propionic acid, maleic acid, nalic acid, cluconic acid, fumaric acid,
succinic agid, taric acid tric a |d a id, glyoxylic acid,
aspartic agiﬂnagwb g a@ﬁa@cm ﬁ?ﬁ1§UFWJﬁ$ %EP&§A~ | car boxylic

aci ds; caphammh@dl tﬁ&%fa' H 318 HUTRAHGAShe PRENGOMREARM® 05 16465 eRbup [ 033] M
is at least a promoter netal. In one enbodi nent, M has an OX|dat|on state

of either Vi rmtalmtld%élaﬂmggn@mdtahen Fta@mfﬁérandélnma(wéystbeacn@oemmfdyeed M is

Thercor . B apBobh (T b OrE 0 T 8E: (5 2 Gl P' ot al  BncOM has an

oxi dat § onosd @hBodimehtt the Hromaf@hirell MMRadhiRRRE of M GRoupeVethed]sfsueimdS oup
HB, G oup | VA and combi nations thereof, In one embodi nent, the Pronoter

metal Mp Néapd Cpedstychearathsssmbpdimanstd Mi isvgi combipptiea @i Hycamewis wak %Nl,st ate
f d
Of 12 andctligy 6Ll YL GREEEHERUnkEh L I QT8 MBI AN V12

(M1 BO4) ave
the Pr orroal&tc«imhabatmpstqﬁe@rma@tafrtae ftfrth)AﬁZhJCdM (OH,pét)al, sM¥i§c3ﬁ) am Ni and
Co. In yet another enhodi ne is a copbination of three netals such as

Ni, Co anHetFa@OthFheth%dl@ﬁ%M ﬁ%ﬁmmlé%omf theceangiplg sughersfn, Clgng i gndis
metal s, su S I visgyamul a

Avl ( Zﬁ%wg{%)&%ﬁ] QI% g")gfls OE I\NIfSB%%ﬁhyAI L(ZH &Pwr%? Fwejr{§ e(%ndjﬁq%[en?j ‘M is a
conbi nati on of [(13I4ﬂ eIn wet ambodiueht, alse ]ano@ﬂ nzatal Mgis selected fionctht atouptof

precur sor f rmu] a Av (Z aCdaH ga" Lyn [034] In
e emboal it VinGeBRomGh & A G B eute EUM T T HeEub S of 11 and
VI A netal §or§b'1%ﬁ't1@}ﬁ tBArBEf, uptﬁéﬁ%léﬁlenfﬁ?rdéﬁipﬁuncﬂ%rrm . tlnrye%ndtﬁéid and
conbi nations thereof, in their el enental, conmpound, or ionic form In yet

anot her efmbadimsnt, thet PremPtas msta M it tier Mrnprwes heleast onpef Ne&oatchedist one of
n their ele n tal, co ound or ionic

Fe aﬁd tC n%enatfl Onfﬁelr E:r eeoa ! u oni I ano
form 1 n SHobRATEbS R ahe ERE%Blat ste M on forr ol BB IRT o
conpound, esBbdiaicat] tid Riahiohe ntht4luPa GfrOLfﬁiDAQﬁétallf’ﬁon%hﬁd Wllec@t fint them and
barlun1conpounds whi ch are at |east partly in the solid state, e.qg.

wat er - i ns8TOYBI0& MAGRYHIACAIER, HEONFURANE Ak CORPIrBLs waich arc at lcast partly

in the solid state, ¢.g., a water-insoluble compound such as a carbonate, hydroxide,
fumarate, phosphate, phosphite, sulphide, molybdate, tungstate, oxide, or mixtures
20  thereof.
[035] In one embodiment, MV is at least a Group VIB metal having an
oxidation state of +6. In one embodiment, M**M"™® has an atomic ratio between 100:1
and 1:100. v-2+P*z-x*z+n*y*z=0; and0<y<-P/n; 0<x<P; 0<v<2;0
<z. Inone embodiment, M"™is molybdenum. In yet another embodiment, M"™ is a
25  mixture of at least two Group VIB metals, ¢.g., molybdenum and tungsten.

[036] Methods for Making Catalyst: Reference will be made to Figure 1, which

is a block diagram schematically illustrating an embodiment of a general process for
making the bulk catalyst out of a catalyst precursor exhibiting type IV adsorption
1sotherms.

30 [037] Forming a Precipitate or Cogel: The first step 10 in the process is a

precipitation or cogellation step, which involves reacting in a mixture of the metal
precursors 11, ¢.g., Promoter metal component(s) and the Group VIB metal component to

obtain a precipitate or cogel. The term “cogel” refers to a co-precipitate (or precipitate)
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fumar ate, phosphate, phosphite, sul phide, nolybdate, tungstate, oxide, or
m xtures thereof. [035] In one enbodinent, WIBis at |least a Goup VIB
nmet al hawogosvi2onddat i on state of +6. I n one enbodi mrenPCTNS200I0BR9BAS an
atorricratiobetweenloo 1and1100 v- 2+P*z- X*z+n*y?*z=

0; and O P/ n; P, 0O <yv I n e odinent,. MWIB is
mol ybdenuﬁfat 1?1"‘59@‘(0 R ﬁ‘EPP%W%dT%WFtaI WF%SP%S Canﬁ?ﬁ 4}3?1 o e T58¢t08ast t wo
G oup VI Bpiaha! &.a ®lid; in SHRJUME’C&%g‘é%l%ﬁdoﬁab'é&%ﬁﬁton[@e%@df M’s%hf?)‘ljessaﬁt@%re'\/ak' ng

Catalyst : Reference Wi | to Figure 1, which is a k di agram
schenmat i caddeg aisIshabs thextviH glissalve nib teiraaotion mlxmrgm@ubseqpﬁmbelsﬁsprﬁ@pltm&u ng
the bul k cat al };s klt of a catal F ur.sor rHF tdl ng ta}ﬁge V adsorption
i sot her ms 2" {577 R5 ?ﬁ*ﬂ‘ég%xs‘ﬁ%%“%} APe SYPUELHH B BRI OPHLERHS 0 i n t he
process i Sacuufl ©GRLL REpRatdn a%@@%ﬂo@itidﬁrbf&ﬁ@ﬂqulﬁ\hl ch involves reacting in

a mxture of the netal precursors 11, ng Pronot er net al corrponent(s) and
the Group VIB HEBB4l Thorissintation ©r specktip 1qo<‘raé@¢dmlttat éte@ppeé%g@lan Phe term

"cogel * ﬁﬁ%%vhﬁéﬁ e BPoRECHRaT Al c(ubﬁ afl B d@{o ANARYhe R cdnfiRthdt Wo et al

corrpounds precursors c the reac n mxture as a
solid, i npsolpithican fomusp@gtsl boneasmbsdérae) ﬂhatterﬁprerztth&raedfhlcu thesogalld e salts
are added as such, they will dissolve in the reaction m xture and

subs equenfqrgneéés DRtweshi Y aded Gor Itenfeimbadiment, the catahgt Iéf%‘%?féﬁg‘?%ﬁd Arfe
sol utipn dfﬁ’@bﬂ% Qt&%do%&%' Yn ﬁ@&%ﬁd YabH4MhHL b%tfvée%ﬁtlol% %&g‘.tlh%” and
n t 1 on ()

evapor at i uid recipitation (or coge
carried odnrdaarnlmdnmﬁpabeathﬂfteS(hmdloplﬂswd@he pHIO(fItildItIE(tlFl’B(OﬂlIDbfechanngt(hto conpound

d the & VI B, net al t at f L
abod menl"C BRSOt dFERSGrUL Al PRRERIT Y Ggaor SRR Rean e istiien 25 -

3500C. Incl@da@ct&mesibmetpmdub@ Iﬁ%@bﬁ%dﬁ{&@ URSRxthiR if RIER s Rhtufal PHESSUTr €
between 0 to 3000 psig. In a second enmbodi ment, between 10 to 1000 psig. In

a third edbouj themncactipesiap@h @@npﬁlen@@b@én@nt Teepkpid odintainedri theuregeafn be

Gepondt ngOan 2t hoongafuSRERTapE gt b BhedhaL PbBt 7" B CREEhEb Ton

t he ni Xt UpH daf bk @bhic B addi Bk ok atid AR t6l tHel rog:tih @nik R2E ok @ddisg ehfdundk
anot her enbodinent, the pHis maintained in the range of 0 - 12. In another

enbodi mentvhighHiscepess upan frapasere InCTeRss Intarkyerasiderons at onaing t he
respectively increase or decrease the pH.  In another embodiment, adding compounds

which participate in the hydrolysis reaction.

20 [039] Inone embodiment, at least a ligating agent L can be optionally added as
one of the reagents forming the precipitate (prior to the precipitation or cogelation of the
promoter metal compounds and / or Group VIB metal compounds). In another
embodiment, the litigating agent L is added after the precipitate is formed (as shown in
step 25 of Figure 1). In one embodiment, the ligating agent L added after the

25  precipitation step is different from the ligating agent added prior to the precipitation step.

[040] It should be noted that the mesoporosity of the catalyst precursor can be
controlled or tuned with the selection of the ligating agent and / or the amount added. In
one embodiment, it is observed that the incorporation of the ligating agent L significantly
increases the porosity of the catalyst precursor.

30 [041] Inone embodiment, instead of or in addition to the ligating agent L,
diluent amounts from 5-95 wt. % of the total composition of the catalyst precursor can
also be added to this step, depending on the envisaged catalytic application. These
materials can be applied before or after the precipitation or cogelation of the metal
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pH can be done by adding base or acid 12 to the reaction m xture, or adding
conpounds, which deconpose upon tenperature increase into hydroxide ions or
H+ i ons twetorerpseti vel y i ncrease or decrease the pH POTAISRM10652989

enbodi ment, addi ng conpounds which participate in the hydrolysis reaction.
[039] In one enbodinent,. | east a ligatjng.agent L.can be optionally
added as BYFEUSPSt @W@%@Eﬁ@e Peare A lffﬂ%edpﬁogﬁcp%li% ém@ﬁplf&eo P5bEhe

preci pi t atdy@BthQr orfRERICAL! NcielacldN ithiLMMIBh cgﬁhé‘ﬁen?s%ﬂéf? Wogksi@ndilica®r G oup
VI B metal conpounds). In another enbodinent, the litigating agent L is
added af t potassnem piligaticpiilica geld, silice sole.cbil{ agzesh bydroninms oe pme®nofm-Biagilized 1) . 1 n
one enbodi.1 nt 1 thg Iigathn ; gren‘ added after tt hef ne@{ pitatio thstep IS
di 11 or ent S1Forpad epglielioBERT ahalgeeBropg el Elihodet SHE op.
[040] 4t pheetehRatiopiRhide@lt atdieot TREREA6 A8t Afimitee, potadivdtalhiaete! SOr
can be controlled or tuned with the selection of the ligating agent and /
or the andluminyddelite. supmemgitigdi sndrmombinatiogs Higseefy B@LRTAIM coraponents

i ncor por at.| i i . Land fi Ly 1 DG e porosity
of the. carfsihasniSunaAthhDgR08 Pyl BNl G oo RLERSERALE PL

addi ti on tmaghdseurh hgladdsngag@einin dulfach, bukmbg@dhumnhisrate; eitdrfTatidnic ¥ag t he
total conposition of the catal yst precursor can also be added to.this step,
dependi ngOb#HIPHE CBHY PUAGE d2RoRi B Banfantg ool iB g tSEAL e By drofaeits: PaMExtrigh be
app! i ¢l DEfALE B o drffodEnPhGAiaR! hRk1a0N diefI0Eh BnbaR Forddl than 50
nmet al precursors. Exanples include but are not limted to Fhe oxi e; zinc
sul fide; wmit.dbi ey a fiedlrcatdysy preoutstotsisisi(asadregxidé b1 lgideoxadé)d; titania; silicon

conmponents suc adi. ili t [ ilicate, sili l's, sili
o, aiica onel AjeudReiatT et SRRkt G ey & e O
conbi nat i pRgerhB@hEALatediHThAVEY HOHRAR ?f'&{cﬁ)iﬂd&%%usbéhsld?ﬁ VR é%?@r%ﬁor?f the

present invention include, but are not limted to, sodium alumnate,
pot assi unpricessehigtceyn il thermumg. stiltdratge decahmg, wemfrifigingets, bneheconbi nat i ons

thereof;: magnesi um.conponents .such.as maghesiym.al um,nosilicat.e.cla

menedt Lt EoE T R AR AR e iR rR e R A R UL SRR Bt 1 at e,
and magnesdquipinsittkhate;in Zid £0Riving £kt ANdrCcake aYsSwer filddticakd & geh@yisy such as
saponite, bentonite, kaoline, sepiolite or hydrotalcite, or mxtures

t her eof . fefineders dbisberkedayingrappianimately 10ded0ad. % lwuidsdiis beieggengigtyint  of

Pyaroxt ey e poastt or e aPnl it ERUEREAAR PRS0 070 [East 50wt %

of liquid [043] In one embodiment, optional drying of the filter cake is performed under

20  atmospheric conditions or under an inert atmosphere such as nitrogen, argon, or vacuum,
and at a temperature sufficient to remove water but not removal of organic compounds.
In one embodiment, the drying is performed at about 50 to 120°C until a constant weight
of the catalyst precursor is reached. In another embodiment, the drying is done at a
temperature between 50°C to 200°C for a period ranging from % hour to 6 hours. Drying
25  can be done via thermal drying techniques known in the art, e.g., flash drying, belt drying,
oven drying, etc.

[044] Forming Catalyst Precursor Mix For Shaping: In this step 30, the filter

cake is mixed together with water and other optional materials including but not limited
to shaping aids 32, peptizing agents, pore forming agents, and diluent materials 13. In

30  one embodiment, rework material in the form of filter cake material, extrudable dough
and / or dry particles / pieces of precursor materials from previous runs can be optionally
included the materials to form a new batch of catalyst precursor mix. In one

embodiment, the amount of water and / or the amount of / type of optional materials is
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(supernatant / water) is renoved fromthe precipitate (or suspension) via
separation processes known in the art, e.g., filtering, decanting,

cent ri f ugvoagotoe2g130l n one enbodi nent, liquid in the pre®Cpiusatie/ 298¢ enoved
via filtration with vacuum techni ques or equi pment known i n the art, giving

a wet filter cake. t filter cake is aII deflned er cake
havi ng apPP&s rePRir 204/ Pp 1w th mesppprogit aP the el YEPITGUIG, 4%% of

vater or _ghBedindl YRNIGRIAD iAo AR thd Bigribi e of%%]atalﬂt one

embodi ment, optional drying of the filter cake is performed under
at rmspherptﬁcmtmdltl ons or under an inert atnosphere such as nitrogen,

, ff b
Femoval of " or gk b BaRab SR Sl B R EibTTRG o TrBer or med

about $0 betaih20@&katthdt i@subRst AR UG heobfiRoaat qihysﬁlxmgw&@endss
reached. In another enbodi nent, the dri;png is done at a tenperature between

500C to 2006 ot angl gEeicaey oldhgmigng teshnigupsug.. moliee kogrdng, DyTYTIXEE be

done via i n flas yi ng,
bel ¢ dryi o Craud At o LoRHl S e ARAR R ittt e B RE Y oy
Shapi ng: hiill tdblsndzt eapdoatble drhekdealingmmigedse roter sthtoethiteog@taraix mulidr. viat er and
ot her optional materials including but not imted to shapi ng ai ds 32,

pept i zi ng@BHERPAIMER BicrBirmetnag@aesiromdal i 0kmrs it @19 apkodimenty  one
errbodharengr}ap@f%a Egémseamd?éé i rahb%ffogtwpfegﬁoén 2h€"109 %ﬁ ARG 9’ ﬂgrec%&ru.dabl e

dough and artic pi ece precur sor ter| a om previ ous
runs can lewoft slmpaig aid). nEkaroglds OMapmgerd aageetstlmclﬁdﬁbutaremmmhhmtedho of

catal yst precurso di ment unt of ter and / or the
Srount of PTGy e MR EBRF e Tl S B Son e TRy ¢ une ¢ he
Mesopor 0s idiyraRld &rﬁlﬁsa@@ﬁéhﬁ&y zEUi&Fs‘ﬁEl% 12 pélﬁfc%ﬁi saltﬁlcOa[%?d @1"61&@ BN by a b1
addition of water helps increase the surface area of the catal yst

pr ecur sor thefa@d5] pofysacgrasida denyedzatdcdr aaktthereof, sranhbt@dtar@r abkak gfchiatd, ent
perlog of tinme.to funlformor

homogéneo¥ " FHE" Fﬁearar?gataarh%ac&%&&ﬁﬁ%p%li? P‘F\%C? 18a éoﬁé%é?r%{? ciency of the

m xi ng techni qpei6] elfone dMbddiMent, kPR NGzl may Ve fddet A@thedhiXt@€. Ik
m Xi ng, or co nations thereof and the m xi ng apparatus used, e.g., a pug
rg!@

mll, a bp@m@mg agﬁnﬁi@@ﬁbb@m&?lﬂ?ﬂkﬁé%@%@ Opf - XAERMORBa © agiyCBC Agidapinicor a
mi x_mul | ﬁ%clg'rﬂal‘é’{&%cﬁﬁ'%}%%ﬁ{étam& DR, ThxhSWed dnRo dE ANEES it Fndnd abhe £O hour's.

In one e
also added to the mixture along with the rework. Examples of pore forming agents

20  include but are not limited to mineral oils, steric acid, polyethylene glycol polymers,
carbohydrate polymers, methacrylates, cellulose polymers, and carboxylates which
decompose upon being heated. In yet another embodiment, diluent materials can be
added. The diluent materials added in this step can be the same as or different from any
diluent materials that may have been added to the step of forming the precipitate from

25  metal precursors above.

[047] Inone embodiment wherein the catalyst precursor is to be shaped via
pelletizing, extrusion, or pressing, a sufficient amount of water is added to the mixing
batch to adjust the batch viscosity to a convenient level for plasticizing and shaping, i.c., a
mixture of dough consistency. In one embodiment, a sufficient amount of water is added

30  for the mixture to have between 50 to 90 % solids (LOI). In another embodiment,
between 60 to 70 % solids (LOI).

[048] Shaping Process: In this step 40, the catalyst precursor mix is shaped into

formed particles, such as spheroids, pills, tablets, cylinders, irregular extrusions, merely
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shaping aid agent is added in a ratio of between 100:1 and 10:1 (w. %
catal yst precursor to w. % shaping aid). Exanples of shaping aid agents

i ncl ude bwiD2aroe12nBd | imMited to organi c binders of the ceCTalSesie/08198er type
and / or derivatives, polyakylene glycols, saturated or unsaturated fatty
acid (suc@ﬁaﬁ goli ic acid, FtIrIC acid or oh%> ‘Hﬁ or a salt thereof,
a pol ysacWary 48 GRS OF GlUsters; Clsq uping RBY Qb e kngwndp fhedt - a1 kal |
stearat e, Iﬁm@a{gwﬂeﬁ&ﬁ r &@siofi ! BRI fg, 36d18ing RBIiAL, Rbdsihg gOTR Nati ons
t her eof . [ 046] 1n oné'gnbo fﬁent aﬁ%eptlglng aéeéggngy gﬁgﬁd%d to the

m xture. ﬂHEYQE@ng|ng agent may be an alkali or an acid, e.g., amoni a,
formc acid c.acid n|tr| aci d ei.c acid rbo lic acid, etc.
I anot ner enbBhehEonCemBidiny G, fihe SRS e 05 1SR V' SHES R or o
al ong i t fisihf @xthav&féqluqﬂfaﬁnhasnﬁ{th@@ﬂee %0@ ﬁ’[%légbcﬁﬁeéiehﬁldbﬁ@drﬂéﬁmm& are not
limted to mneral oils, steric acid yet hyl ene gl ycol pol yners,

car bohydr BYi8-SsEIv ererusier, raie.h de amth@r@@boelénm thg éhq@mgylﬁrép@e Vianaray AYBgy | at es
whi ch dec t th ent

mat eri al 8912%1” (?le{’f%% %%rpl‘%a&cf?%t %%Htlloﬁ g)rzfzg):ag aﬁé%‘% I n t Ssthq%é&éan be the

same as otataliyktfpeeaindor fiy @nrday imdo bxtendatataivary aﬁdiﬁmbﬂeafroﬁmboball/% ltrela/ﬂ ofdded to
the step of formng the precipitate fromnetal  precursors abgve. [047] In

one embodiEt mﬁétﬁémﬂtsrs)él tbardryistc gree &P&f@rsu}tablf kngthsshapdd bupe to
pellegbz|§g6]ﬁ§{qy hﬁﬂm:%ﬂmﬁﬁ&ﬁ%%ﬂ% a sufficient amount of water is added
at at

to the mXing just t ch viscosity to a convenient |evel for
pl asti ci zi ng afb0$hdpémel Treagmenta i orteaxmebalimdduih sbardicstagstyrecimorone

enbodi nent, ,a suffjcie nount o ter i de or the mxture to have
ot voen. obidedt b &nr lieliRn o 10, it saibo Rttt Dl 6o 70 06
sol i ds (Lgr)mtr&é%ﬁﬂin%&' dlfEe ?9?@1@1%6&1}1 Reatddicve® tt%ﬂl fr, IRl Gk RA:Dbut

precursor mx is shaped into tornmed particles, su¢h as spheroids, pil

tabl ets, &4iG. ntdér2§°C| faraboutald reauifoy $¢ hdoursepil vh@rgglethsftebﬂm@rmulaggr@gat es or
clusters,  etc t hod Q in the a i ncl udi.n

el et 21 KETeEEv R AR e E P OF 10t U RS piLedl SPotiRayi ng
and spray thdtymp&atukOAHmp&d @ng LB ditsent-2°@. @aalﬁﬁﬁn@ahalsxésdndprecursor i's
formed via extrusion, using extrusion equipnent known in the art, e.g.

singl e scrahedizicpygedryipa i reriormedet a fagh ImpaiaRicax vf lpaer25° 6t per Mot her

embodi meny NG ERARLA% L ArARLR af aFeriPL A PI0%k Bllow 100°C.

[051] Generally, it is known that the higher temperature of the heat treatment,

20  the higher the densities of the catalyst precursor and therefore, upon sulfidation, resulting
in a catalyst that also has a low shrinkage rate. In some embodiments, low (less than
10%) volumetric shrinkage is obtained with the thermal treatment at a low temperature,
e.g., less than 325°C, less than 200°C, and even at a temperature at or below 100°C.
[052] Inone embodiment, after an optional thermal treatment, the shaped
25  catalyst can be optionally calcined at a temperature in the range of about 350°C. to 750°C
in a suitable atmosphere, ¢.g., inerts such as nitrogen or argon, or stcam. In yet another
embodiment, the calcination is carried out at a temperature between 350°C. to 600°C. In
the calcination process, the catalyst precursor gets converted into an oxide. In one
embodiment, the oxide catalyst precursor is of the general formula: (X),(Mo)(W)q O
30 wherein X is Ni or Co, the molar ratio of b: (c+d) is 0.5/1 to 3/1, the molar ratio of ¢: d is
>0.01/1,and z=[2b + 6 (c + d)]/2.
[053] In one embodiment, the catalyst precursor is nitrogen stable. As used

herein, the term nitrogen stable means that the properties (after the catalyst precursor is
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at an outlet tenperature ranging from 1000C to 3200C. In one enbodi nent,
shaped catal yst precursor is extruded into extrudate having a dianeter from
about 1/ Mor010126130f an inch. After extrusion the extru@erase@n/ob®szut to
suitable lengths, e.g., 1/1 6-inch to 5/16-inch, to produce cylindrical

pel l ets. Thermal Treatnent : . 1n one eg%alodirrent, th haped cat al yst
precursorgﬂﬁg%drggﬁeﬂa%@rﬁ SEQtGLRRERPY iocVEE L. Lo BSIBGATRERLT 21 he

cat al yst ﬁ{tl%%gﬁ§p&ajg§n@j“ﬁr&ﬂ{enﬂi trogen) dried in a directly or indirectly
heated oven, tray drier, or belt drier at about 500C. to 325C. for about 15

mnutes to 24 H¥d sSuldkehasbtep:eilhetshepedesniabrstpigrersorswitbamptivaaripeweatkure to

drying te rature at te of 1-50 OC _.per. mnute. | ne e di nent, the
enper at aPBar gl st Bt b fRe sl ogfe Tt i sRaBRE M RIREh TR oo
enbodi srents leat b sAFinpagest 624l REdAERbA thedrb@S bf: I Adeni suBiebPitscdt al east 25C.
per mnute. In one enbodinent, the drying is at a tenperature at or bel ow
1000C. [ osuliur-captering fgmpqundjvehighendst preatiling sonditiprs: istdsapapeteblednior t he
heat trea . Rt Skt - I r and

hor ef or o1 0k Wil APS Ly A IERES W &3 b bERAORE X pla MEE X S A7,
shri nkageEkahples bhsudfidivg aghmadinokidt amnmodivirn kelside tdnanodiGf) porpluifidet r i ¢
shrinkage is obtained wwth the thernal treatnent at a | ow teniBerature,
e.qg., | esdHapS3mproningsthiosplizic (O0HRS:Qneg sadism thiosulfate fesaPure at or

bel ow,;100Q¢ n TR f k ment ,
he Shaped ot o S AR B o T I AP S e b PRI (P8
range of dibottl p85H8@EGde {IOBPSY@Cr¢aptancs uertiatybetyhpotysydfide €STd)gtertiarymemtys such

as nitrogen or _.ar or eam | et gnaqt her enbodi.ment, the.cal ¢i nation
'S carri eBolstinids A3 Ponf de b e UG T HANBS006 idiothes Bf et nat | on
process, §REIGALAIYTEr RERSHIEANe SR tiSatfoRADIeRd @a@al%lﬁtp?ecﬂfboﬁx' de. In one

enbodi nent, the oxide catal yst precursor is of the general fornula:

(X)b(Md) c(Wd (855] whetheisnlfidirigsstey, skapedoatalylveprairsar is eariverted ingo an aivd) i s
0.5/1.to 3/1. the molar ratio of.¢c : dis >0.01/1 and = + 6 (c +
0571 213 D oBithEnaBut i iricng aelplt pdepriately wBPedid XS dn st b e.
As used hgoEIM froE) hafudsib Il 5 Ages) afd akdce aFBaddatdifiag ghdigrepuapeErtidteal (af ter
the catal yst precursor issulfided to forma catalyst) are not affected by
t he dryi njreagenduring e sulfjdationeytenieap raped betwcan atmeprheristo abapgédh bahvi r onment .

[054] Sul't1 b9 FiPsulfiddtBn INAPGHufAt BLMS hPHETME$BInt b¥MHERu A LARh:, F ewor K
the process is generally carried out at atmospheric pressure. Above the boiling
20  temperature of the sulfiding agent / optional components (if any), the reaction is generally
carried out at an increased pressure.

[056] Use of the Catalyst: As catalyst precursors sometimes can be sulfided in-

situ, ¢.g., in the same hydrotreating reactors during hydrotreatment, catalyst performance
can be characterized by the properties of the catalyst precursors before sulfidation.

25 [057] Inone embodiment, the catalyst precursor for preparing the bulk catalyst is
characterized as having a poorly crystalline structure with disordered stacking layers, with
a type IV adsorption-desorption isotherms of nitrogen. The point at which the relative
pressure P/P, of N, adsorption and desorption isotherms begins to diverse defines the
adsorption capacity of the sulfided catalyst product. The N, adsorption desorption

30  isotherms of the catalyst precursor of the invention forms a close hysteresis cycle which
enclosed area is proportional to the specific volume of the mesopores. The lower the P/P,

is, the larger the area enclosed by the hysteresis cycle and consequently the greater the
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materials) can be sulfided in a sulf ding step 60 to forman active
catalyst, with the use of at |least a sulfiding agent 62 selected fromthe
group of :welementsh sul fur by itself; a sulfur-containi RETASAPOOBISNNI Cch
under prevailing conditions, is deconposable into hydrogen sul phide; H S by

itself or Sin any.inert or _reducing enviro nt, e.q., H2 Ex | es of
sul T1 di ngtdgated R Loh ;i%ﬁ%ﬁ N PRI B ﬁF@Bg%ﬁﬂt’fme graaly
([(NELt)ZEK%uméﬁMB%HUP1Bf%@%ﬁé&ﬁﬁﬁg _hﬁ%ﬁ@§%ﬂa§ino%%d'U”?th'0$U|fate
(Na2S20s), thiourea CSN2 carbon di sulfide, dinethyl disulfide (DWVDS),

di met hyl sul fi H$8] DB)ne mlindﬁmtntp@byowmsor techaPBRBYd ardrayagt alyps H3

A T A A b TR e

sour ces f ofeRdpeaptéld Abbee BW, bf slafuk 0350f the catal yst precursor. [055] In
the sulf ding step, shaped catal yst precursor is converted into an active
cat al yst upon EQﬁShFi adhe pfechrseihis aksg|chargriggzedpsraviag aamesonpora stigeduie avdi ng
from 250C 0 - - e t - - 12 i ni ng
gas. r ess i A%ty sk QD (A B o 980 i i3 UGBl BOHPENE

bet ween at fsmhigkisecdnd cathodimed, fb@n 10 nivPm@) 1251dm trhanosher EmBladinent, tagdper at ur e
is below the boiling oint of the sulf din% agent, the process |s generally
carried offeMatd BpR %(E@Inilﬁ adowdsepodimspfy o The g0t ¥ umeg N8RS BOadiBt 5f t he

sul f g NgnRACHtn . ARG ANIn y&%&a&n&ﬁbc{m 1?[%)3 okd\Golfife BlrlcLNbid BenEr al |y
carried out at an increased pressure. 05% Usg of the Caga yst: As

catal yst Pr@cursor b sthirdtembedinen rowimfrémdel? forfs2t ayn’/g.agd jin b fourthe sane
hydr ot reat i reactors duri hydr ot r gat t, catal yst perfor can be
char act er PRy Hae e DPad¥ BSehe e atty ufith fiek eBies BurBrieL iy
dation. [fR#od! ﬁ‘si%ﬁ’itr%@&?&’é dBHbatct R &AM VS0 ROEEHANSALNE eMbBAIBRALI Ng the
bul k catalyst is c argcterlzed as having a poorly crys%al]lne'structure

wi t h di sofrderéhbtoX0Qaikiam 4 segendembpdiment; aypaomblaad S0 mi Dm-addgdr pt i on

i soth {ns 8% @jtrpgen. The point at which the relative pressure P/Po of N2
adsorg i ofi "3 rIlﬁgswption i sotherns begins to diverse defines the

adsor ption cappiyol]y AQfthd galgdtptdcdrdr et @k ¥6lfidpd BakGhetallib@ath sefds@edt i on
desorption isotherns of the catal yst precursor of the invention forns a
cl ose hysthsredging heye putigisncmesnercodies and aeec poropyolpeette evrometheche specific

Lol e T oA RSRRESEor AU OSSR B0 OB LIBL R 228
capaci ty. efBodischhig phttwatavlyatitaile forégdtoteatingthcane petrdloetn fesds hating agat al yst
20 atmospheric residue (AR) boiling point in the range of 343°C. (650°F.) - to 454 °C. (850
°F.) and particularly above 371°C. (700°F.). Heavy oil feeds having a boiling point
greater than 343°C. (650°F.) are commonly characterized as having relatively high
specific gravity, low hydrogen-to-carbon ratios, and high carbon residue. They contain
large amounts of asphaltenes, sulfur, nitrogen and metals, which increase hydrotreating
25  difficulty with their large molecular diameter.
[061] Inone embodiment, the bulk catalyst formed from the precursor with
disordered stacking layers and a type IV adsorption-desorption isotherms is characterized
as being very stable. A catalyst’s stability can be evaluated based on the residual
geometric volume shrinkage of the catalyst precursor, measured as the change in the
30 geometric volume of the shaped catalyst precursor before and after it is sulfided. The
volumetric shrinkage measured after the sulfidation step can be used as an indication of a
catalyst’s mechanical integrity under severe hydroprocessing conditions, as precursors are

often sulfided in-situ in the same reactor as the hydroprocessing reactor. In one
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precursor has a P/Po hysteresis starting point value of about 0.35. [058]
I n one enbodi nent, the precursor is characterized as having a type H3
hyst er esiwWOl20p127130 one enbodi ment, the hysteresis | oopPC3/USh@0A3198 i zed as
having a wel |l devel oped pl ateau above P/ Po of about 0.55 . [059] The
i | so chara terlzed as. havin soporpous structure wth an

recursor i
gverage pBWE ‘gfnfg b (R EHayst P Tsﬂbwftlgﬁﬁi’lfglﬁﬁﬁ“{mrpﬁlﬁﬁ FRTPROHIBUEHBYYI ment ;

froms t 0cﬁa'§9cté}*fﬂeti Rs BawBg ek /AP g&ln@@ﬁ& volfuﬁfé@hﬂtﬁ’ka{g@‘off%sﬁ-aﬁn RPN 28410t her
enbodi ment, and from15 nmto 100 nmin a fourth enbodi ment. The pore

vol une i nupsrecsenboditore tamicsatnsrod at least 10001 fomay lgast BA nyigeteanot srdfiding

enbodi nent e pore vol.u from0.01 to o N a

enbodi mentCPadiAs PTG ORE T3y g lefs an #H0 Aprnbiunidng

rangi ng f e@Bbdndat, i ¥idie SHrlkege hessIhen A8t 8. AnNEfdEHA eshbbYintdie 18ET

met hod, usi n% nltrogen as adsor%ate ranges from25 to 400 n2/g in one
¢

enbodi ment anf5¥msm 40 to 200 n2/g in a second enbodi ment; and from 60 to 150

meig in a thirthe PRI A ook RORL EBuNEa0 A NS PLREUBRToaNd the sulf

ded bul k net al rrred there e su CI en rresopore sites
and | ar gehphivgeatimlghaeyt petmﬂ@mfw&s hdvenglard imagmnélemlzhaimﬁmr @hging dom
petrol eum feeds, the bulk netallic cataly in one enbodinent is

parti cul aPP I3 g §. am(%terl7Hlyamﬂm)ea%qufbn&@alﬂ@%@%%rw’rfé@és? R hg an
at m)sﬁ)(he ’R)Oplﬂis &(%H@ 2 109/9%1h$ i3 sHthgltgvéIQn Tﬂﬂ&é%ﬁb%?gggo %ﬁ&&gﬂé&ﬁ%’z ) - to

454 0C. 50 OF articu ve 371 y oil feeds
havi ng a ees thian §O0 ppimin oge eaﬂaedlmdnamnadl@@fhan(lﬁmﬁn)a szepencbcmbmhﬂnynt In

characteri zed as,.havi relativel.y h p fiC Vi t

v ogen. Po: CaPBCTarJulk Siep it e b St B e a3 1 ar ge
anmounts O?Gt?cﬂﬂhﬁ Ifée%']ﬁ%mgsd'ﬂl afvb'lrage Hio%’cﬁgt? QiadRter RN S froMfU ¢ Ami tHATERS e
hydrotrea heir |l arge nolecul ar dianeter. [061] In one

ing diffic ' ' '
enmbodi menin yetheother @Eglablytsthe fO@Hﬂ@ﬂdh‘f&t onparhe ghesutablerfoniredtingiadseder ed

char abt or POLG T RE Ry UBE; O GERE VR SRS R T 0T R Bl cval wat e

based on the rgRigual oﬁ%ﬂ%dﬁméntvthklpi’@uﬁsbf fdirlfa;@langihetdmlmhrsb%ﬁmlbm ecursor,
nmeasured as the change in theugeomatrl c volunme of the shaped catal yst

pr ecur sor Oter dgsirablg@refertess, includigs gommgebullrdensity (CBD) of at most 1.6 g/cc; a
crush strength of at least about 4 1bs; and an attrition loss of less than 7 wt.%.  Attrition

loss is the loss to fine amount measured when tumbled one-half hour in a rotating drum.
20  In another embodiment, the attrition loss is less than 5 wt. %. In a third embodiment,

the CBD is at most 1.4 g/cc. In a fourth embodiment, the CBD is at most 1.2 g/cc. Ina

fifth embodiment, a CBD in the range of 1.2 g/cc to 1.4 g/cc. In one embodiment, the

crush strength is at least 6 Ibs. In one embodiment, the catalyst precursor has a particle

density of equal or less 2.5 g/cc. In another embodiment, the particle density is equal or
25  less than 2.2 g/cc.

[064] The bulk multi-metallic catalyst can be used in virtually all
hydroprocessing processes to treat a plurality of feeds under wide-ranging reaction
conditions such as temperatures of from 200 to 450°C., hydrogen pressures of from 15 to
300 bar, liquid hourly space velocities of from 0.05 to 10 h™' and hydrogen treat gas rates

30 of from 35.6 to 2670 m’ / m’ (200 to 15000 SCF/B — or “Standard Cubic Feet per Barrel”
of hydrocarbon compound feed to the reactor). The catalyst is also characterized by
excellent catalytic activity, as giving an almost full HDN conversion rate (> 99.99%) in
the hydrotreating of heavy oil feedstock such as VGO.
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volunmetric shrinkage neasured after the sulfidation step can be used as an
indication of a catalyst's mechanical integrity under severe

hydr opr ocwe20rgi2esndi ti ons, as precursors are often sul PCaAK2010/03198U i n t he
sanme reactor as the hydroprocessing reactor. In oneenbodi nent, the catal yst
precursor with ti desarptian |sot erns.is cterlzed
as having a regﬁéi Eﬁﬁ@%ﬁggg rﬁvﬂpﬂﬁﬁﬁgﬁﬁf §%eﬁ¥mq3§§eﬁﬁaﬁfa 8t "97% upon
exposur e figithd aGARES @@aﬁﬁﬂ‘esofhe%ré ﬁﬁr%%uré—%@@mrﬁ&érlz%ﬂ SRSkurd; Mt es in a
sulf ding step. In a second enbodi nent, the volune shrinkage is | ess than
about 10%dsorptwntdsberdtiemtsothicrranesing stendaod c,nmmghms &@klagm nrgcdderss. tFwn about
8% In a rt h %gbodineqi kqsﬁ t han, 5% Lg % gge OdIFE t he bul k
cat al yst F%ecbftéc YHET 4Pt gL e AT RSY YRYBISSEP 85 € lﬁ‘élaﬁ R BEY OISR f eeds
havi ngs anfaMIRGEIPRE eeddndherliaBomt eThe NGOG foréddreSpdidiigdo tho'teRfik4|9 to 17
angstrom, providing an HDN conversion | evel of > 99. 99%)§7OOF+
conver si oﬁyeson%%éran%g cyHuated fiogy the appgr inflectipp ppind Al disderw erdssi | i ng

poi nt tongﬁﬁs than 20 ppmin one enbodi ment, and |less than 10 ppmin a
second enbodi nent. I n one enbodi nent, the bulk catalyst is particularly

suited for hyd[(tﬁt6|] eEtduﬁglea Jrrelaw) Wemamhtewmaheeﬁrebmbmg racatalyarpagarsoel ecul ar
di aneter ranging f et angt her enbodi nent, the bul k

nm_J.n
catalyst PEMEgmant N TN QB fO0n ohod Atfon Reat) g VTSGR g an
aver a | ﬁﬁ%% n one
enbod?ﬁezghﬁﬁﬁeé%ﬁe B?%%?bgbr F%%h%Bﬁﬁiéﬁg?a?§§$QQPQQQ%§HP%$$§hg%her
desi r abl e4;8i£mfe1|et0m%d watgrlatichongteampematpact TheipH of dhesicsultifECBM)ticof wat nmost 1. 6

g/cc; a cru tre f | east about 4 | bs riti | oss of
Deoe ¢ han il Rl o8 B30 SERaRRRE ot R N B O L 285 when
tunbl ed ogpgs Hﬁkcflv&?ﬂrlrl 3 I] v@atérOTﬁé hﬂ@b@ﬁﬂérﬁhd ltﬁhg@ﬁﬁét PaltioRIRREH LRIBY to e L
attrition loss is | ess % |In a third enbodinent, the CBD is at

nmost 1.4 d¢iosized watgr. fhuthtsrrmexnﬁmly@ﬁte andHengSRI sodutim HBL of a7 Gwede In a

brrbont han PRy foriEiRph lich s 1 BAGE ofd italiefed P tseetisfip 7R | e

catal yst périedk St@kinpaBhesopaionilatia pieistht yangh oegual M0secb@$solatidn @aLc. I n
anot her enbodi nent, the particle density is e%“VéHor | ess than 2.2 g/cc.
5

[064] ThePtsipied gontininged 1419&0& M@{%)y@ﬂz gifsabec 7 L deipnizediayiatey. ‘Fe this
hydr opr OCSﬁﬁél%Sllﬂloﬁ%@e?é S 2 19258 318k Wit At Yo Rfiof BERSvHIYE soltleBG-oFangi ng

reacti

108 g maleic acid in 0.25 L deionized water. The nickel solution was then added in 10
20  minutes to the molybdate/ tungstate solution while maintaining the temperature at 77 C.
The resulting mixture was kept at 77°C and stirring continued for an hour. The pH of the
suspension was in the range of 6-7. After addition of 0.72 L of a 7.0 wt-% NH40OH
solution, and cooling to 60 C a blue-green precipitate was collected by filtration and dried
by pressing it at 150 psi in a filter press. The collected and pressed precipitate was aged
25  ina sealed container at 50 C for 15 hours. After ageing the precipitate was mixed with 4
wt-% Methocel, and dried at 50 C until it exhibited a Loss On Ignition (LOI) of 45 wt-%
and a carver of 1500 psi, and extruded in a Wolf screw extruder with NAQ dies.
[067] The N2 adsorption desorption isotherm of the precursor is shown in
Figures 2-3, composed of a well defined hysteresis loop corresponding to the presence of
30 mesoporosity. Other pore characteristics of the precursor include: Sample density of 1
g/‘m’. Surface area characteristics including single point surface area at P'P° = 0.20 of
110.4051 m*/g; BET surface arca of 112.5688 m*/g; BJH (Barret-Joyner-Halenda)
adsorption cumulative surface area of pores between 17 and 3000 angstrom width of
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conditions such as tenperatures of from 200 to 4500C , hydrogen pressures
of from15 to 300 bar, liquid hourly space velocities of fromO0.05 to 10 h
1 and hyowogern/mreat gas rates of from35.6 to 2670 nB8 PCEASEROO32989 15000
SCF/ B - or "Standard Cubic Feet per Barrel™ of hydrocar bon conpound feed to

th t T | t.1s t el.l ent tal yti
hetivi by T, B el o R TR o aP LIt s L LOGBLLEON TR ¢ he
hydr ot r ea}agdbryfiR taQidre LERARIAPESUSK 10 200 AR BPPPLES) oThe

followng il Iustre}tlve exanples are intended to be nonlimting. In the
exanpl es, 0t08%9§5bne/$tBrJHcetdametlmsumhlatlmwfapz e@al@flpn@ab@twemg 17 hed B\QOO

adsorpt|on sor n 118, USi tan us i 0
procedure% s?’ ?W @&SIHS 13(!@ %{}({]@J@ﬂﬁso ;W“ggjf)éfé%ﬁ%ﬁ %,Zﬁn be

cal cul at e@lhatrmmstnb@lﬂcmﬁﬂgedd@&ph@h b dréJR/P@hr @C@mrwlsatrb ens1.oddze vol une
of pores corresponding to the textura rreso%)or es can be evaluated fromthe

upper i nf Pegstiper Bddjadsorgtion wecragppory midh p{d1.8vbansstrpmopnd Bdepsomiiaml e 1 -
Ni - Mo- W A catal yst precursor of the formula
(NH 4) {wegé%p@%g)%ﬁ%gs%gﬁg@%%o_%] (Mb 0. 35W0. 6504) 2} was pr epar ed
as fol l ows: 95/06889gERimpler?onAuathbeghbodimyixdataeNit M- W) ebidtg c241tH20 was

di ssolved in 4.8L of de| oni zed water_at roomtenperature. The pH of the

resul ti ngRESHEses o GR{aly i Rrpgussor 9é thefagaula {Nbl3t(! zré@k@z%ﬂcéh%n}om i
LT
met at g@gsms%stun s?g ﬁ%a%ﬂafkfZHB\gQ4W2§ng%ﬁ1%o\ﬁ?ﬂn'hQ%%t|n§MbZe ter e

nol ybdat e an trons were ad to 34.9 L water. To
this m xeCNHm)lsMbdMéHa;ﬁUwas{JdIgsﬂmden 2olludfi chmn&eﬁ?}’vdxermft r@onT tenpetat@eNH4 OH

ammoni a |l utji.on was adde nd i.ncrea 77 C
oo ) it ot PPmoRat g e A ST TG A L TSR AREATER S 4B A
second solydd %e%@ly@&a%@@ﬁ@ﬂn%&%@blﬂhﬂ& @éﬁ%@d&f toN'S(Mho&z@h"%@te‘i“?&m ved
|n 2.7 L deionized wat er his nickel solution were added 1.2 L of 28

-% Nmothlsmmmtmiybdﬂtet ovkidnpyate sglotion 1.8 of a 1.08vte)oMHil£E (mdnmh 0.25 L

d k h h
nﬁl o bude ot el F S logRout b TR Teddbt AR b Bisdpdlefitsrit 9, &°

The resul WagthcrdaxddioeTov@syitkephstalt sﬁﬁfﬁgamsea@ﬁd dolitfbnCentrepiect éddtaiginghour .
The pH of the suspension was in the range of 6-7. After addition of 0 72 L

of a 7.0 WIZNMMOMNOIerUL? dissolaedincbdiLi deiprizederate. Ahppigkelgobisian yras dhewi t at e
was col | eg&&q iR ¥s5 ftﬁlhﬁteé{o He n%%dq{e/ ﬁﬁilgstate solution while maintaining the

temperature at 76 C. The resulting mixture was kept at 76°C and stirred for half an hour.

20 Subsequently, 95 g of maleic acid was added to the suspension and stirring was continued
for another half an hour. The pH of the suspension was in the range of 5-6. After cooling
to 60 C a blue-green precipitate was collected by filtration and dried by pressing it for 30
minutes at 150 psi in a filter press. At a Loss On Ignition (LOI) of 50 wt-% and a carver
of 800 psi, the precipitate was mixed with 4 wt-% Methocel ™ and extruded in a Wolf

25  screw extruder with NAQ dies.

[069] The N2 adsorption desorption isotherm of the precursor of Example 2 is
shown in Figures 4-5, also composed of a well defined hysteresis loop corresponding to
the presence of mesoporosity. Other pore characteristics of this precursor include:
Sample density of 1 g/cm’. Surface area characteristics including single point surface

30 area at P/P° = 0.20 of 56.1297 m*g; BET surface arca of 58.1421 m?/g; BJH (Barret-
Joyner-Halenda) adsorption cumulative surface area of pores between 17 and 3000
angstrom width of 56.2515 m?/g; BJH desorption of 59.6379 m*/g. Pore volume
characteristics include single point desorption total pore volume of pores less than 2008
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by pressing it at 150 psi in a filter press. The collected and pressed
precipitate was aged in a sealed container at 50 C for 15 hours. After

agei ng t opprxizpi3vat e was mixed with 4 wt-% Met hocel , &Ad/u$eé1083289 50 C
until it exhibited a Loss 01 Ignition (LO) of 45 w-%and a carver of 1500

psi, and extruded | ex{r es 67] T

s or pr i ofh G eV PoSehan iE Ee s ELadobon chunbiine shrtetyired

conposed 96re§b¥ﬁ)elen q‘?%ﬁd‘@@bdﬁ%&t@érﬁ%&th‘ drop 4‘5‘?“ esPengidsyH @esbﬂﬁloﬁro?sence of
mesoporosity. Qther pore characteristics of the precursor include: Sanple

density of). lﬂS%Z%QrE’/g etk ae Char@etenﬁwsamhechngt1¢sogot10mcalval@g¢ngor§|vngtlle(430| nt

el o BaEC b Doy RarafEi B BAEAMTRI el B G PT ERS ca or
pores bet ﬁ\@g%&oﬂﬂaﬁdlBJﬁQl@gb dvicdBeWol WideH 4899.880mn2k@omBIH desor ption of

75.886m 2/ g. Pore_vol une racteristics include single Em! nt desorption
total pore vol U] QEX&mB]ﬁé —fAcﬂ&ll‘(ﬂ pahodipregt efrigNi-MoaWamalpafeatalypt 99 of

0, 089300 BB, B AR R A AL LA R OSSR PROES, 2P een L7
cnB8/ g. Po(Mo§g5%6mag}a@sqm@Ir¢m follewsdisAggde amnpinian hapemabddpore wi dth (4

VI A by BE‘éé 9662 angstrom. BJH adsorption average ?ore w dt h of
37. 254 anfSHt @1}497% BV erediB1ontsddn > i edigionizs eV alf it FOmR tosap e@%@reangstrom

068 a

E)r echl(g)c()rm %ﬁ?ﬁg{lﬁg{l@é@%@%t@m) ez\?ézyﬁﬁl a %NH 4 % Meatl& é% 2.08 (C
H 20 2 )C%?]er (th:anGlSWntﬁém}i dingtateaslupoepacredddsd 11'0d|5l(bIN$lelodli§d WB@rOTo

amroni um d 7 H i in 2.9L of

e oni s ourard ol (u Al fSuign ey 07 o R T i foREL Cht e (i

4) 6H2W 20441gtidh whi &Qe&’%ﬁﬁﬂt’h@ %Hl ¥&hell D, 80 B LedonRb8lion $AE prBhRdah@InANRd

tungstate solutions were added to 15.4 L deionized water. To this mXxed
mol ybdat e2&¥xg thd‘ﬁﬁﬁ@a)tz éH$(éIdL$S®1®¢dm@3&L(§1FGIOQIZ¢d®VW %W@Bﬂu(ﬂaﬂmﬁl a)

sol uti on was Aterthls
She t on o PEBeRd NSO IR AALE SR T I A DE AR by iRt e on

sol ution ‘&t\@ﬁstﬁfgﬂﬁ@gﬂdo ¢ ah Borgntkad® QulffricNic(dNBSder 2orablaldish sbuesl in 1.5 L
dei oni zed wat er e nickel solution was then added in 25 mnutes to the

nol ybdat epickelighttians 14810y malsiaisid dissphyadtiaiOHiOng Wates was afdadde thenigkel 76 C.
Th | 1] ' :
subsequent JobdtE et B aRL et sMion S fib B fkeliion 1 g

was cont i thwegkh an in-line, high-shear mixer which discharged the combined solution into 9.78 L

20  deionized water. The resulting suspension was continuously stirred and maintained at 77
C. The pH of this suspension was raised to 6.5 through addition of an 7.0 wt-% NH40OH
solution, and aged for 90 minutes with continuous stirring at 77 C. A blue-green
precipitate was collected by filtration and dried at 115 C until Carver of 5000 psi.
Subsequently the paste was wetted to a Carver of 1500 psi, 4 wt-% Methocel ™ was

25  added, and the paste was extruded in a Wolf screw extruder with NAQ dies.

[071] Figure 6 is a graph showing the isotherms of catalyst precursor prepared in
Example 3, which do not fall into the pattern of a type IV isotherms.

[072] For the purposes of this specification and appended claims, unless
otherwise indicated, all numbers expressing quantities, percentages or proportions, and

30 other numerical values used in the specification and claims, are to be understood as being
modified in all instances by the term "about." Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the following specification and attached

claims are approximations that can vary depending upon the desired properties sought to
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for another half an hour. The pH of the suspension was in the range of 5-6.
After cooling to 60 C a blue-green precipitate was collected by filtration
and dri edwbyomvessiong it for 30 mnutes at 150 psi i n aPCiriuses10/08298%. At a
Loss On Ignition (LAO) of 50 wt-%and a carver of 800 psi, the precipitate
was m xed, wi % Met hocel ruded | a Wl f screw extruder
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of Exanmpl gynbisd BN tHelirlg wﬂrf&%ﬁﬂ "afl 90d CARP i luRl WetkndgiihRed
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3000 angstrom wi dth of 56.2515 n2/g; BJH desorption of 59.6379 n2/g. Pore
vol ume chstaéttemp.sti cs incl ude single point desorption total pore vol ume of

pores less tha 0

adsor ption cunm%? i ?gﬁgﬁrrlt eglcrﬁeegénﬂ;{gﬁ pes %‘?‘eﬁ% t?\%églﬁé}%gleq‘[‘%/ g&?ﬁ éa_lllrll%nsl%r om
wi dth of eheldSiiAddes afd giso aﬂﬁlaBlengl@sra;bptskldldﬁfthe aft48 8RRe anBlig. thPor e si ze
characteristics i ncI udi ng desorptiaon average pore wdth (4 V/A by BET) of

102. 8301 HW§BHon heppisnidoronps srilchied aﬁgéleﬁé%l@smrﬂltq%néaclq@sot%%xama@ r om
and B{# dﬁ%%&tu!r %Hqth@%’eesrk"f‘ige%l {RPE LY :Fﬁéﬂ o‘?ﬁer%?arﬁ Qs RN to[bgmlhnll;ﬁi%npl e 3 -
A third enbodi nent o Ni - Mo- W eate cat precursor . A catal yst

pr ecur sor safpe b thefobaimaliath¢WNkhve strjubiiupal @1@@1@&)5 tﬁatot) I(OGdHdeﬁz)n) Geiteral

(Myo. 35 ) epar.ed .a oIIo 954. 4

hont anol y BRI B oF g in s it s pso o g SRS A9 v er
at room U gifRESREIHrEm tﬁ@ﬁt%gal@ingﬁﬂg@%'fﬁ{@ dEhAL URgehtaidas Qé‘f‘eﬁ’ed herbin\e O404. 7H
20 was dissolved in 1. wat er.” The nol ybdate and tungstate sol utions were
added to i@resswmewmmateeidlemnévrefmnwu s mi xed nol ybdate and tungstate

sol ut| n50L o a7.0 w-%NH40OH (ammoni a) sol uti on was added until the
pH reéched 9.8. A second solution was prepared containing 2835g of N (NOs)
2 6H20 dissolved in 6.38 L deionized water. A third solution was prepared
by dissolving 284.9 g NN (SO 4) 6H20in 2.0 L water, and by subsequently
adjusting the pHto 1.0 with concentrated sulfuric acid. After conbination
of the two nickel solutions, 110.0 g maleic acid dissolved in 0.60 L water
was added to the nickel
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solution. The m xed nol ybdat e/tungstate sol uti on was conbined with the

ni ckel solution through an in-line, high-shear m xer which di scharged the
conbi ned wWoOl2oto/am3pnt o 9. 78 L dei oni zed wat er. The resulPCTAS2608p98%i on was
continuously stirred and nmaintained at 77 C. The pH of this suspension was
raised to ?%ﬁpﬁyrough addition of an 7.0 w-% NH40H sol uti on, and aged for
90 ni nut e§ continuous stirring at 77 C. A blue-green precipitate was
col I ectedby fial dakaydi BPecaner, %?b@ Sl Alatdoh2 fdernid Rtk SRl RktaPlc GRAG RS -
Subsequently the paste was wetted to a Carver of 1500 psi, 4 -%

Met hocel (‘hygrotesingddedrocarintfbed walst bydsasroesssinggenditions thagdatalestr ew ext r uder
wth NAQ dies. [071].Figure 6 is a graph show ng the isotherns of catalyst
precursorpﬁ?gﬁg CEER! xanpl e 3, which do not fall into the pattern of a
type |¥ isot hegiast h@dlhp VOB nidig cBppesEs of this specification and
appended cl ai ns, unless otherw se indicated, all nunmbers expressing
quantities, pehicle#tagexmeier pegpenrapamd sclgefgd roreeravpmelll, Capun/BBubsoupsed in
t he speci fjicat | |08, e understood as being nodified in al
instancesh%?%%hgp?égg?&gﬁgﬁﬁau&{g%%%a?ngly, unl ess indicated to the
contrary, the optigenilgat lcpandipatieg sgemel; forth in the follow ng specification
and attached cl ains_are approxi mations that can vary dependi ng upon the
desired proper PPENlyapkestaghlgcypt ai ned by the present invention. It is

not ed,t hat, as ' ' kb ' : s, the
singuﬂgr forns“ﬁgeﬂl#gﬁgghg%ﬁgﬁgﬁgﬁg@%%%?ﬁ%%QSFE?ﬁﬁggzgggg% é%hgﬁless

expr essl ystamdura vetudiswdatkd ytatking taydrstwittomgype eV edsmptiotAdesosgthnhsotkérms t he

term"inclpude" and.jts grammatical variant re jnt ed to be

nonc1 i ¢ Phogde i T deton ot a2 R AT b BESTS ot o the
exclusion of other like itens that can be substituted or added to the
listed itenms. [073] This witten description uses exanples to disclose the
i nventi on?. i ncllbdratglystmecdyesr offoldemn 1awberainstbe precenabhas adipe Hé hystaresisi | | ed
in thzsargmto make and use the invention. The patentable scope is defined
by the cl %%, and can incl ude ot her exanpl es that occur to those skilled
in the art. Such other exanples are intended to be within the scope of the
claims if they have structural elenents that do not differ fromthe litera
| anguage &f t héheraplyst preqursor of plaimil nwherg thehysfercemloopthasatigllal el ement s
wi th insuls. %h%hﬁ&ﬁf%ﬁ@@ﬁﬁﬁﬁfé&ﬂfbgge literal |anguages of the clains.
Al citations referred hereif are expressly incorporated herein by

ref erence. CLAI M5

20 4. The catalyst precursor of claim 1, wherein the catalyst precursor is characterized

as having a mesoporous structure with a BET surface area ranging from 25 to 400 m?/g.

5. The catalyst precursor of any of claims 1-4, wherein the BET surface area ranges
from 40 to 200 m”/g.

25
6. The catalyst precursor of any of claims 1-4, wherein the BET surface area ranges

from 60 to 150 m*/g.
7. The catalyst precursor of any of claims 1-4, wherein the catalyst precursor is

30  characterized as having a mesoporous structure with an average pore size ranging from 2

nm to 200 nm.

19



1. A catalyst precursor, upon sulfidation, fornms a bulk nulti-netallic
catal yst for hydrotreating a hydrocarbon feed under hydroprocessing

condi ti o 2btves12ewbal yst precursor conprising: at | east PET®&Sou0/08298 et al
conpound; at |east a pronoter netal corrpound selected from Goup VIII,

G oup HB, G ou G oup | VA nd Cc lna thereof tionally at |east
a ligating ageﬁ{le Flte AT 41Y 084 Mgl FRID iy CEeh PP AAE s
precur sor i Sharacisri zed as having a poorly crystalline structure with
di sordered stacking layers with a type |V adsorption-desorption isotherns
of nitrogen, with a hysteresis starting poi nt val ue P/ Po of about 0.35. 2.
The catal cursor, of c e cursor has a e H3
nystereai B 1 ooBne S aRefat o Loy o E M of e PR TR &2 s P e s
hyst er esi sohoaptoh@s mmwel | devel oped pl at eau above P/ Po of about 0.55. 4.
The catal yst precursor of claim1, wherein the catal yst precursor is
characterized as having a nesoporous structure with a BET surface area

170 er 7 ¢ at BOR FRafor By B ABRE T RE BRACGhyMh Pl Bl 1 21

cat al yst phiasuesed aohadny a@iesolbc&bmstﬂxcﬁue whit ragiofe {zdﬂ&mBE\TnBJlﬂé thaa®.(dr ea
ranges frorrg60 to 150 nR/g. 7. The catal yst precursor of any of clains 1-4,
wher ei n t A& /8at al yst precursor is characterized as having a nesoporous
structyre with an average pore size ranging from2 nmto 200 nm 8. The
catal yst precursor of any of clains 1-4, wherein the average pore size
ranges from 5 Tbe tB6lysmre@usofloé amaodlyists Ip4 eeharsiothoporanyluofe rehgs fon - 4,
wher ei n tB@ ﬁ %%P‘ pore size ranges from10 to 125 nm 10. The catal yst
precur sor {t 3? & ai ns 1-4, wherein the catal yst precursor is
characterized as having a nesoporous structure with a pore volune of nore
than 0.01

12.  The catalyst precursor of any of claims 1-4, wherein the pore volume ranges from

15 0.02t0 0.20 cm’/g.

13.  The catalyst precursor of any of claims 1-4, wherein the pore volume ranges from

0.05 t0 0.15 cm’/g.

20 14.  The catalyst precursor of any of claims 1-4, wherein the catalyst precursor has a
residual geometric volume shrinkage of less than 10% upon sulfiding at temperature of at

least 100°C for at least 30 minutes.

15.  The catalyst precursor of any of claims 1-4, wherein the catalyst precursor has a

25  compact bulk density of at most 1.6 g/cc.

16.  The catalyst precursor of any of claims 1-4, wherein the catalyst precursor has a

compact bulk density of at most 1.4 g/cc.
30 17.  The catalyst precursor of any of claims 1-4, wherein the catalyst precursor has a
residual geometric volume shrinkage of less than 10% upon sulfiding at temperature of at

least 100°C for at least 30 minutes.
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cnB/g. 11. The catal yst precursor of any of clainms 1-4, wherein the pore
vol unme ranges from0.01 to 0.50 cnB/g. 12. The catal yst precursor of any of
cl ai nms 1-WO 2odve2gi3n t he pore vol unme ranges from 0. 02 t oPOTAB2@10BA2989 13. The
catal yst precursor of any of clains 1-4, wherein the pore volunme ranges

fromO0.05 (o0 0,15 cnB/g. 14. The catal.yst precursor of any of clains 1-4,
wherein T callF GuElY e oLl o h s i YT Gr S it kage of
| ess t han Lfipmeit §d16ihB 9hdtkabe BPREAIYR 89 i poatsul IRASS atkOAPGafuds ot | east
30 m nutes. 15.0The catal yst precursor of any of clains 1-4, wherein the
cat al yst [srsicloforlaateast Hompatss. bul k density of at nost 1.6 g/cc. 16. The
catal yst precursor of any of clains 1-4, wherein the catal yst precursor has
a conpact bul k density of at nost 1.4 g/cc. 17. The catal yst precursor of

any ofscl agms ThécatilysrRéduridiof 6@t af dSinsII-LoMicr6ih tBGatAydt Pedcdisal isagFomet ri ¢
vol unme shrinkage of [gss than 10% upon sul fiding at tenperature of at |east

1000C f or thetforraya AVBY i QUe$) 18, (MheO0aandl whereipr ecur sor of any of cl ai ns
1-4, wherein the.cat i - ic.
shr | nkage of | 5t RHERY iy BLSE ISR incltRafol 5P it Rbn BEPIF oG ety o

for at | easdaplosphonit@satid®. The catal yst precursor of any of clains 1-4,
wherein the catgl yst precursor is of the fornula AX{II(NP) (OH) x (t‘%l_%n y] z
(M1 BO4), and Whebdhsat [gaptsa gromatgrsmeighgogpouds and M ispstesfed cedeqtesh frod
anmoni, Jm i i d i : el .1s the at | east
o ot e O A G R et G oup Vi1
G oup HB, G oup i$4 th&aasim ligdingagentonbi nati ons thereof; L is at the |east a
ligating agent, \MVIB is the at | a roup VIB .al .. havi ng an oxidation
State of o WM B Boin it wlieb ToF Medtor pHon Sebo

M”: MY"™® has an atomic ratio of 100:1 to 1:100;

v-2+P*z-x*z+n*y*z=0; and0<y<-P/n; 0<x<P; 0<v<2; 0<z

15
20. The catalyst precursor of claim 19, wherein M” is at least a Group VIII metal,
MY is selected from molybdenum, tungsten, and combinations thereof, and L is at least
one of carboxylates, enolates, and combinations thereof.

20 21. The catalyst precursor of any of claims 19 -20, wherein M"™® is a mixture of at

least two Group VIB metals.

22.  The catalyst precursor of any of claims 19 -20, wherein the optional ligating agent
L is selected from carboxylates, carboxylic acids, aldehydes, ketones, aldehydes,

25  hemiacetals, formic acid, acetic acid, propionic acid, maleic acid, malic acid, cluconic
acid, fumaric acid, succinic acid, tartaric acid, citric acid, oxalic acid, glyoxylic acid,
aspartic acid, alkane sulfonic acids, aryl sulfonic acids, maleate, formate, acetate,

propionate, butyrate, pentanoate, hexanoate, dicarboxylate, and combinations thereof.

30 23.  The catalyst precursor of any of claims 19 -20, wherein the optional at least a
diluent is selected from the group of titania, sodium silicate, potassium silicate, silica
gels, silica sols, silica gels, hydronium- or ammonium-stabilized silica sols, sodium
aluminate, potassium aluminate, aluminum sulfate, aluminum nitrate, magnesium
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v-2+P*z-x*z+n*y*z=0, and Oy -P/nj Ox P, 0<v <2 0
<z . 20. The catalyst precursor of claim19, wherein Mp is at least a

G oup VI IwWoretwal2713M B i s sel ected from nol ybdenum t ung®CEAS2@N632989

conbi nations thereof, and L is at |east one of carboxyl ates, enol ates, and

conbi nations .th reof.1 21. The catal yst recuhs r qof any of cl?hns 19 - 20,
wher ei n  MBTIROSHIGHSGI gnaghesipm mcialy MagRestny }5&% CrBtRICE B 109he cat al yst

precur sor n@bn&Min QhifAe, 3hdBRedifm mRate WIRb R Nc bRy, afiBhicldHatJiRGoAgENt L is
sel ected from carboxyl ates, carboxylic acids, aldéhydes, kétones,

al dehydeszinhewlifidedttdathyl foothasibcae isdiciaanad, intolag itdanipraogicombimateisthenef. ei ¢
acid, malic acid, cluconic acid, fumaric acid, succinic acid, tartaric
acid, citric acid, oxalic acid, glyoxylic acid, aspartic acid, alkane

sul fons c agi dsThatathlysipréQmios ofanyss clifBlseial yvhdréih MRS Gutal 3 Qk@uor RIGIPI onat e,
butyrate, pentanoate, hexanoate, dicarboxyl at and conbi nations thereof.

e
23. " The cHicdpssula pXuVEWDs O whercwrMds af lasst 2 §roumVIRmataicampaendspt isonal  at
| east a dl[ﬂe.ualﬂgasﬂ aZprﬁﬁlloFe(ftn?e(EalstBE@ea tpﬁ%ng{hggp u foftI\IIit 2l éo tﬁé)gllo rlnras[iol deGat e,
potassium silicate] silica gels, silica sols, silica gels, hydronium or
anmoni um &i+abid 0.22do 311, thranslat sitio9ddi diim>ad. 0l naidez =P asgt vnd)Ekum nat e,
al um num sul fate, alum num nitrate, magnesi umal um nosilicate clay,
magnesi um et al , magnesi um hydr oxi de, magnesi um hal i des, nagnesi um sul f at e,
magnesiumnitrate, zirconia, cationic clay, anionic clays, zinc oxide, zinc
sulfide, tetraethyl orthosilicate, silicic acid, niobia, titania, and
conbi nations thereof. 24. The catal yst precursor of any of clainms 1-4,
wherein the catal yst precursor is of the formula (X)b(Mc(Wd Oz; wherein M
is at least a G oup VIB netal conpound, X is the at |east a pronoter netal
selected fromthe group of Ni and Co, the nolar ratio of b : (c+d) is 0.5/1
to 3/1, the nolar ratio of ¢ : dis >0.01/1, and z = [2b + 6 (c + d)]/2.
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