Hydroconversion Milti-Metallic Catalyst and Method for Making Thereof
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unwant ed conponents, or conpounds, or their conversion to innocuous or |ess
undesi rabl e conmpounds. [004] In the hydroconversion process, it is

desirabl eT }@ﬁngy | yst havi ng sufficient open volune (porosity) for
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[003] The petroleum industry is increasingly turning to heavy crudes, resids,
coals and tar sands, i.e., lower grade hydrocarbon (“heavy oil”), as sources for
feedstocks. The upgrading or refining of these feedstocks is accomplished by
treating the feedstocks with hydrogen in the presence of catalysts to effect conversion

20  of at least a portion of the feeds to lower molecular weight hydrocarbons, or to effect
the removal of unwanted components, or compounds, or their conversion to
innocuous or less undesirable compounds.

[004] In the hydroconversion process, it is desirable to employ catalyst
having sufficient open volume (porosity) for low mass transfer resistance and

25  facilitate efficient through flow of reactors, while at the same the specific area of each
catalyst body should be as large as possible to increase exposure of the reactants to
the catalyst material. 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 very little in terms of surface area and correspondingly, low catalytic activity

30  in terms of reactive sites.

[005] There is a need for a bulk / unsupported catalyst for use in the
hydroconversion of lower grade hydrocarbon with improved performance, i.c.,
providing high yield conversions with optimum porosity and surface area. There is
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provi di ng high yield conversions with opti num porosity and surface area.
There isalso a need for a bulk multi-netallic catal yst having sufficient
pore vol WD 2010i28@1f or hydrotreati ng heavy oil feeds. SBRNARY1QB30BBE

| NVENTI ON [006] I'n one aspect, a process for hydrotreating a hydrocarbon

feed under dro in cond tion rovi ded. The ocess conprises
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pore volune of at |east 0.08 g/cc. [007] In one aspect, a catalyst
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provi ded. recursor conprises
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af terpei gg,gf t?é}@ifeagtlcﬁﬁ% B jeidt! aﬁﬁﬁﬁ%@@'ogﬁgﬁaglyfd&fals% dliddnput i on

with at |east 95% 0 ores” bei ng pore Vol ume of
at | east ﬂleaﬁta@lscprec{u@ﬁ)&,ftelr lhelylgtshamdl Iesningampessdntially pronomwdaltppresiepar e a

bul k rTU|tI- II|c ca ydrotreatin rocar bon f edls

rovi ded. drfbugppeseet i phlhe T Pl At e o aato B OIS 1ot al
precursorop@{ll&saogg%yccl east pronoter netal precursor M, the pronoter netal
precursor M is selected fromthe group of Goup VIII, Goup HB, G oup HA

G oup | VA and E,(BWH)I fraoncompedt regasdy st pmpyrsan wpri dalfidations ferms adfullei t her +2 or
4, ¢ I r“u t tér%sor dreir u[Pn a droc dt?o fncie & &'r rorsmt er metal
precu Sor MelpepficSenlRbiy by pretiits 1}ng9§5 B 'tat &9 A ‘PHSCES 8§81 ution;
separ at i ngorddigorsas ploy fled PITRE VALKt REQESIRICHRpEsdsra® abheGHIugV 1B mefatit | on
forming a filter cake; drying the catal yst precursor filter cake by a
non- aggl Oﬁ@pmqmdeatdp%t Agroveetiionctabennpaying gelected from Group VIII, Group 11B,

Group IIA, Group IVA and combinations thereof; optionally at least a ligating agent;
optionally at least a diluent. The catalyst precursor after being shaped, has an

20  essentially monomodal pore size distribution with at least 95% of the pores being
macropores and a total pore volume of at least 0.08 g/cc.

[008] In yet another aspect, a process to prepare a bulk multi-metallic
catalyst for hydrotreating a hydrocarbon feed is provided. The process comprising:
providing at least a Group VIII metal precursor M" "> and at least promoter metal

25 precursor M", the promoter metal precursor M is selected from the group of Group
VIII, Group IIB, Group ITA, Group IVA and ¢®™nations thereof; has an oxidation
stat® of either +2 or +4; combining the at least a Group VIII and the at leas'® promoter
metal precursor to form a cata'yst precursor precipitate in a l'quid solution; separating
the catalyst precursor precipitate from the liquid so™on forming a filter cake; drying

30 the “atalyst precursor filter cake by a non-agglomerative drying method, obtaining
catalyst precursor particles; adding to the catalyst precursor particles at least one of
shaping aid agent, a pore forming agent, a peptizing agent, a diluent, and
combinations thereof, forming a batch mixture; shaping the batch mixture forming a
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catal yst precursor particles; adding to the catal yst precursor particles at
| east one of shaping aid agent, a pore form ng agent, a peptizing agent, a
di | uent, wWoaonanhidmat i ons thereof, form ng a batch m xt RCE/USSMIQB0331 t he
batch m xture form ng ashaped catal yst precursor; sulfiding the shaped
catal yst precursor form ng the bulk lti-metallic cafal yst 009] In yet
anot her aSHBE] CHRAYBRIEEET, %ﬂ%?la%&}eesﬁé’lpmafn?ﬁyweaww@%né%lt{}ggu onposi ti on
for hydrotfgatichgli@cqmgsocar bon feed is provided. The process conprising:
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met al precur sot009p, It yé apetbamtspectrepabesytepiepsaisra ivpltirmctedicesetabidt f r om t he

f Group. VI HB, Group HA. G oup I. d_combi nat
Pher eof  Ruhiiefopd Bl TRy S S B dd. HEARING < he at 1 cast

a Goup Vidhpdislo:t he at least a pronmoter metal precursor to forma catalyst
precursor precipitate in a | iﬁgui d solution; separating the catalyst
pr ecur sor Prsvebngattlaasea Grovn VHE motad pragusser M i odfap fagbtrigomoter megd  cake;

treating j r i pli i t i chel at ed
catal yor prostbibemEBidtleRl ol SRS 1Y IRL IR LGP Cilh 700,
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DESCRIBTI %r\IOHEEOE 21'I I{E?a%{g% %‘}rltﬁlﬁ{gé %ag?l%%tp\?m&%ﬁﬁoﬂ E%%@%ﬁ%%%ﬁﬂ@ﬁé

speci f i casdparatiagdhaatdlydt pveeutsoe pfeoiplitatei frogn thed mjundysolutdnefosmmighaeiltar s e
indicated. [012].SCF L. BBL (or_.s /[ bbl,. or scfb ar S refers to a unit
of 't anda o TRIe B fltgreaks ST loupes atind jefl s SEDTRChGHRbSar bon
feed. [013lechkSY IFRADENd iHAPIng tROSH M SRANGst\pRSAEoE YorrhiBd 4lshdfea Peri odic
Table referred to 'herein is the Tabl e approved by | UPAC and the U. S

Nat i onal Buelgstipredur®raandar ds, an exanple is the Periodic Table of the

El)grl"?ﬁ‘% S DYiabd3 dhd $IBS DRLLMRLcuk AP AR dhe Bul EMShEMIR ladyn of October
BRIEF DESCRIPTION OF THE DRAWING

[010] Figure 1 is block diagram showing an embodiment of a process for

making a multi-metallic catalyst incorporating.
20
DETAILED DESCRIPTION

[011] The following terms will be used throughout the specification and will
have the following meanings unless otherwise indicated.

[012] SCF/BBL (or scf/ bbl, or scfb or SCFB) refers to a unit of standard

25  cubic foot of gas (N,, Hy, etc.) per barrel of hydrocarbon feed.

[013] LHSV means liquid hourly space velocity.

[014] 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.

30 [015] Asused here, the term “bulk catalyst” may be used interchangeably
with “unsupported catalyst,” meaning that the catalyst composition is NOT of the
conventional catalyst form which has a preformed, shaped catalyst support which is

then loaded with metals via impregnation or deposition catalyst. In one
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[015] As used here, the term"bulk catalyst” nmay be used interchangeably
with "unsupported catal yst," nmeaning that the catal yst conposition is NOT
of the cowmOentw/e@l catal yst form which has a prefor medpPC3hspad/osssal yst
support which is then | oaded with netals via inpregnation or deposition
catal yst. | neembodi nent, the_bul k catalyst. is.formed through

preci pi taﬁ@gﬂﬁmeﬁgﬁwgflﬁgfat%daf%ﬁﬁ,@P_H% BFIR!BRL 2roRgE o bi nder

i ncor por at@@odifteAt, iteoudREALY SthaS QFRRRE IHcOfpordtt M&S thaRQRRE camRRdiaeNnt, the
bul k catalyst is formed from netal compounds and wi t hout” any bi nder. [016]

As used hérgdtpnothpreembndamens, thebelkoratalyst s ofmod fromt metebemmmadoindihen used
to preface. gvteral .ﬁadfements or classes of elenents such as X, Y and Z or
Xi -Xn, Yi WY 'éna&yfll- h, is intended to refer to a si ngl e el enment sel ected

from X or Y or[(d6] aAceR& éihOe PhragtcHRBbLE mded 6CR datflERMANS SA¥R conmon
class (such as Xi_and X ), as well as a conbination of elenents selected

from di f f Byedrie Peafegsseycrpkilements orxalassys afrdements sych 31X, Asangsé gr Kerei n,

"hydr oconyersi.on” ! r i ng IS carried
R G A A L R S et

met hanat i esmbinati@r ofganahs §dledtebtdm ahssantyyahhogeneatssqsuchhasd aindeah, ng,

hydr odesul phuri zati on, hydrodenitrogenatjon, hydrodenetall ation

hydr odear BnEEN 2 PORDINATN off deRens seleqterhirom it erarh rassFif SeicBShYeMacr acki ng

i ncl udj ngaﬁkﬁ:};ti ve hydrocracki ng. Depending on the type of hydroprocessing
and the reaction conditions, the products of hydroprocessing can show

i nproved vi scofllf7] eds usédsloavsing Shydrgboessios’aonf hatlepraesdiggitis nlcomt angnper at ur e

properties, volatiliti.e nd depol ari zation, etc 0 18 us her ei n,
00Rs condlehir inttirbp @t techrades Srperaiianohdlie Bt BEReRRi ng

boi I'i ng pictHanMordWaak ghs SHARcaCAR hydob&Rsioh hARAARAfE,(371. 00 boiling
point materials in a hydroconversion process, conput edg as (100% (wt. %

boi | i ng abydredopbEriptosy hedreddnitrdgsaetion, iydrodgrhesillitiog, above 7000F nateri al s

1 S TR R JOERE LG 5 R 010 5, oo
deat h of BRYWdNRIdEVE hydberaclgh@UuDptndifsbn & thpd SF hyldebROcREAS BiEsS t he

the reaction conditions, the products of hydroprocessing can show improved

viscosities, viscosity indices, saturates content, low temperature properties, volatilities

and depolarization, etc.

20 [018] As used herein, 700°F+ conversion rate refers to the conversion of a
feedstock having a boiling point of greater than 700°F+ to less than 700° F (371.°C)
boiling point materials in a hydroconversion process, computed as (100% * (wt. %
boiling above 700°F materials in feed - wt. % boiling above 700°F materials in
products) / wt. % boiling above 700°F materials in feed)).

25 [019] 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).

[020] As used herein, “shaped catalyst precursor” means catalyst precursor

30 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
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short-term poi soning potential (acute toxicity) of a material with the
testing being done with smaller aninmals such as rats and mce (in ng/Kg).
[ 020] As weediies@iin, "shaped catal yst precursor” meansPCRIESRYISO3I@BBECUr SOr
formed (or shaped) by spray drying, pelleting, pilling, granul ating,

beadi ng, t.ablet .pressjng, bricketting, us conpressi on nethod via

ot 1 us ot Hrd GG TaleRes e Rh ot ey ROBR. BT REbSgGMeER B0t wet
nixtures.Uln%e§Q@Qgﬂ45@ggﬁy§}g@mﬁ&y5§pr can be in any formor shape,
including but not limted to pellets, cylinders, straight orrifled
(twisted) tril Bd$, Amubed tiadpargd amdbssficd adsoeding tordizegsto thrdses,

honeyconbs,, stars,.tri-I|ohes uadr a- 1 obes,. pills ranules, .etc. [021] As
Used her eftioeqsir atiorgren il PR TaliE Ra iy ) DRsertr §FHISY cat egor i es:
m cropor eﬁangﬁigrfﬁﬂﬁB@L S0®hh§hind Macrogords Hihendi®S PR @fan(SHOARMDSI Oon rangi ng
from3.5 - 500 n and macropores (dinmension larger than 500 nnm). [022]
Pore porosity HWd]pBew porosity @nd pefeigs dsiripwiiginia oagise@paamnt aice neasur ed
usi ng mer i . S| I.: . i r hod D
1284 1 Oty MNERERRE R MEANIARES, SRS A3 AR SRR e
measur ed Di428¢hén andth@geibodisart fidre porseithadl sixddiesibutitrdare aicasured hiar wi se,
pore porosity is neasured via the nercury jintrusion nethod. [023] Catal yst

Product : theHBiregraradeatiet artrdp binkess sidigalad otherissg PPEWOIRSItMMe shri nkage
herei ny i sfo %HQPWEMRﬁh%wEﬁHﬁhﬁﬁé RleBfdrsor. The precursor is converted into
a cata?yst ? ecom ng catalytica ?y active) upon sulfidation, e.g., for
subsequent use[(23] hgdtabdeBrodiictr | Flat hyalmododSkiontoptk cddastheamgzav i on ( HDA) ,

and hydrodenitrification.(H cesse The start] material, i.e.,

ot al yst B Db AR oty S5 aa By LRRaE it SPY ISP LBar ed 17 om at
least a ProiRited idish dhtaBRC bacdahial RatlyBc B! &live) &fod st dtiod ey Mt al
precursors can be in either elenental or ‘conp df 2

: ITET ound form %8@ I n one
enbodi nensybsequentagedh ngdrodesufinepatroad HXOnhalredsaednyatizaperedP4orenidn t he form

f | k | £ - I 1i id i .of J €]
nonnott o R p iR L FITh B FRET R Rlsr s I eGP & rent, 1 e
rati o of Gioba WdBokigE ot otife Hatwial, Yrdparddaoh ablegst Arahofca REES ahd @M about

10:1 to about 1:10. In another enbodi nent, the oxide catalyst precursor is
of the geReew ViBmetal grecursors. The metal precursors can be in either elemeéntal or

compound form.
[024] In one embodiment, the catalyst is prepared from a catalyst precursor
20 in the form of a bulk multi-metallic oxide comprising of at least one Group VIII non-
noble material and at least two 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)(W)4 O,; wherein X is Ni or Co, the molar ratio of b: (c+d) is 0.5/1 to 3/1,
25  the molar ratio of ¢: d is > 0.01/1, and z=[2b + 6 (¢ + d)]/2. In yet another
embodiment, the oxide catalyst precursor further comprises one or more ligating
agents L. 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, ¢.g., Group VIB and / or Promoter metals,
30  forming a larger complex, e.g., a catalyst precursor.
[025] In another embodiment, the catalyst is prepared from a catalyst
precursor in the form of a hydroxide comprising of at least one Group VIII non-noble

material and at least two Group VIB metals. In one embodiment, the hydroxide
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(X)b(Md)c(Wd Oz; wherein Xis N or Co, the nolar ratio of b : (c+d) is
0.5/1 to 3/1, the nolar ratioof ¢ : dis >0.01/1, and z = [2b + 6 (c +
d)]/2. 1 woebitaneddmer enbodi ment, the oxide catal yst pr@Cuserofsessher
conprises one or nore ligating agents L. The term"ligand" may be used

agent - ( oFoiBRuti b thgize Gl e ALy (FHE: B8 AT EaR DB R Moonbi nes
W th metapnd %@re@n&ova%@éﬂﬁo}ﬁc% 81k, M Rt BROIOLRE 2 WREAliS thefror M ng a | arger
conplex, e.g., a catalyst precur sor [ 025] In another enbodi nent, the

cat al yst klsmgn@per ednfoundhiernt and Lysterpioenmapsmord ngating agentsn of a hydr oxi de
conpri sing of e st _one. 30 \Y)| II Qn- n e nmater and | east two
oo Bt af26] PRP i aREne ifinthe, S UOBRLE ARG Bima et ' the

gener aj fpfeeuﬂsar JM (Ml 6bh ¥t étumtyhﬂuéﬂVMhB?reéhrsomQﬂfﬁierfoAnma Mqne or nore
nmonoval ent cat i o% [I:)em es, Mrefers to at ast a netal in their

el enent al [&F o6MpolkaDE 6PH) G LSlneﬁAéfCéz)zt@’lo@)oWh%WeAllﬁ YEtarmgPragent s.
[026] In Xl%ﬁl?ﬂﬁ?rﬁggﬁonqu ] e 1st5ﬁ% Gk éﬁ}ulp 17 e‘?aﬁ%‘rl\?m JQ0g catal yst

precur sor W S|on of at uen recursor is of the

formul a Amofd GEA)psYWmkfa)s, Al A a)lurilﬁlu(rﬂﬂ) Voh¢ vd mo(eﬂngaltlng)lﬁétyQS]@ (W1 BOY) ,

wherein Ais one or nore ponoval ent, cationic species, MIA is one or nore
group HA néh&hsls aliqaplymging feoigly. Nor &5 EPOYPTAC GrogpVABametals With tHe uni num L

i's oneg,or aﬂgﬁflgra!tl'o%tl\h“@r I@g@%[eﬁweeﬁsfb()‘l andd:Bo 1S a silica-alum na noiety,

WI y)Aly B1s one or nore VIB nmetals with the atonmic ratio of M/ ip
: WI B bet ween i{().0F] 1Imm_d: étnljc@lﬁmer[tQA':ig atl Imaso nee eﬁmnegikahembtal fation, @it | east one

of an alkali netal cation, an ammon um a]ip organi.c a ni w a
phosphoni B GAT FEEnE BB PRORPRQIWE CAYQTL g T} PSiy d'ent
cations such s@sctiidm MbMRalAHSHRHI§Ech RN, Wifdr QRstern@Fyd@iin6niPSphoni um
cations, alkali metal cations, and conbinations thereof.” [028] In one

enbodi mentonsjorganio pbOS@homnme:atlmgﬂaalkag nzgdgd igeisons) andagemntheations thereof.

15 [028] In one embodiment, L is one or more ligating agents. In another
embodiment, L is charge neutral or has a negative charge n <= 0. In another
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

20  charge. Inone embodiment, ligating agents include both polydentate as well as
monodentate, ¢.g., NH; as well as alkyl and aryl amines. Other examples of ligating
agents L include but are not limited to carboxylates, carboxylic acids, aldehydes,
ketones, the enolate forms of aldehydes, the enolate forms of ketones, and
hemiacetals, and combinations therecof. The term “carboxylate” refers to any

25  compound containing a carboxylate or carboxylic acid group in the deprotonated or
protonated state. In another embodiment, L is selected from the group of 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 such as methane sulfonic acid and

30  ethane sulfonic acid, aryl sulfonic acids such as benzene sulfonic acid and p-toluene
sulfonic acid and arylcarboxylic acids; carboxylate containing compounds such as
maleate, formate, acetate, propionate, butyrate, pentanoate, hexanoate, dicarboxylate,

and combinations thereof.



enbodi ment, L is charge neutral or has a negative charge n <= 0. In another
enbodi nent, L is a non-toxic organic oxygen containing ligating agent with
an LD50 rwbeo(mao®ingl e oral dose to rats) of greater tRam/USQ@oMBY3LY. The

term "chargeneutral” refers to the fact that the catal yst precursor carries

no net positiv atlve charge. In enbodi ati ng agents

i ncl ude both png%em dt atlgest \?x/é’F‘?Ig‘étgr g NSteE100 ge%ent % A5 wel | as al kyl
and aryl griqR@s: stsd ReLiteramRreq daf)eddugga&mg P@&ﬁ@ﬁeﬁm'eta‘l(g chdfle but are not
limted to car boxyl ates, carboxylic acids, al dehydes etones, the enolate

forms of emgkhyded is B@ecéqrtbframe(hfoap WalloGrdupt BBeGiounAkh, KenipE¥Aaind,  and
conbi nations. t here term rboyate refers t 3}

contai ni ngo P RAREENrsr'e B APHERpTT Yol 4 SUECTorr K HefP SROHE ed o
pr ot onat egh skidhton dtite @rtqtmerlneaﬁbﬂﬁt em@dmient svS & eedced fidRmrbie1IBr oup of
organic acid addition salts such as formc acid, acetic acid, propionic

aci d, mal BireupalM Al andhegmbingfeang th%mfcolﬁl%le&mb@dlmqmém Rrosmeqter mefalcMi i ¢ aci d,
tartaric ?tfcleé’s’ta%&ﬁ%%ﬁ% oA W%ﬁ%ﬁgﬁﬁ'o%dﬁﬁ&ﬁ’ﬁx%' %h %hﬁﬁsrt“ ¢ acid,
e e

al kane sul'fonic aci suc oni c aC| sul fonic
aci d, arypresuisbioBiof ttecfottsuls ue (ML (OBEINZ@NE, S0 Y 'omj) to Ea}le({vaade pztal tiene

sul fonic acid aqg qgﬁacarboxyllc aci ds;_ carboxyl at g, contai ni ng conpounds
such as néltéat &~ Flor Eléonea%@%de@entpﬂlsa’r@ﬁateém%wrlataénmb%@ Heat e,

hexanogt ec i aNPREKL AL 18R FOEB! NALLORRINERRALIIARAT Mo 15 at |east a

pr onot er | n 'one enbodi nent, My ’has an oxidation state of either +2
or +4 depeodbingti@moftthese Prataie swth aséilaC()smd bei hgomnnﬂlbwiﬁdentmerfsl\/geﬁl &ct ed
from Gou VIII G ou

Go conpinations thereof. In
one enmbodTHEHEE SO |g§(Pué.’t %8&5’35 §‘ @6@8 a@Hﬁd tcgf‘rgeWﬁuﬁ’i%Qa Sbxi dat i on
state P ofretdrsol B o@ﬂf%tfﬂﬁﬁulﬁ')@ﬂih@du) (oirkrig (L§y] Sereephed fhremdfgiup HB, G oup
| VA and conbi natlons t her eof ment, the Pronoter rretal M is

at | east arntap@wvalls momblnamn héthrewgfn@talsmwld@tlmr@dsﬁtndt@ ehd 4% and t he
cat al yst cursor is.of.th ) )AVBzZo(M A4) to have
(v - %é g elys RFCGUISr i %fthe fo a@ﬂé&rﬁfh ”)e@?c}% h {M bromot er net al

M is a m xturg30f Irw@n&mu@dlmehi (iRt tedalad” Msclapdd @@m the gy®lp anot her
enbodi ment, M is a conbi nation of three metals such as Ni, Co and Fe. In

one enbodpﬁgﬁtanméﬁem%msgclaas zinc, cadmium, mercury, germanium, tin or lead, and

combinations thereof, in their elemental, compound, or ionic form. In yet another

embodiment, the Promoter metal M further comprises at least one of Ni, Co, Fe and
20  combinations thereof, in their elemental, compound, or ionic form. In another

embodiment, the Promoter metal is a Group IIA metal compound, selected from the

group of magnesium, calcium, strontium and barium compounds which are at least

partly in the solid state, ¢.g., a water-insoluble compound such as a carbonate,

hydroxide, fumarate, phosphate, phosphite, sulphide, molybdate, tungstate, oxide, or
25  mixtures thereof.

[031] In one embodiment, MV is at least a Group VIB metal having an
oxidation state of +6. In one embodiment, M**™V!™® 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. Inoneembodiment, M"'"®is molybdenum. In yet another

30 embodiment, M"™® is a mixture of at least two Group VIB metals, ¢.g., molybdenum
and tungsten.

[032] Methods for Making Catalyst: The catalyst prepared herein has a low

volume shrinkage in hydroprocessing operations, in combination with high
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m xture of two group HB netals such as Zn and Cd, the charge-neutral

catal yst precursor is of the fornula Av[(ZnaCda') (OHx (L)y]z (MIBX ).
In yet arwohero/esdodi nent, Mo is a conbination of threePGEUsRE098SB1 as Zn,
Cd and Hg, and the catal yst precursor is of the fornmula Av[(ZnaCdaH ga")

(OH)x (L)n Z. | BO4 . ].030] I.n one enbodi nent Prompter netal M is
sel ect ed Wﬁflﬂnff%gv gﬁngﬁbar@fmmr TR e @rgnéwgggglwlﬁ cadmi um
mercury, gaHIRMMM Tid BwXhrihRAZ re@iMd ot RBAHONS /toBﬁﬁ%ftlon opedchei r
el enmental, conpound, or ionic Torm In yet another enbodi ment, the Pronoter

met al M fh@nnﬁéreaumﬁﬁ@§awﬂystemmsome of Ni, Co, Fe and conbi nations

th f, th t al d... joni.c f t h
emboai ment 1 B oheler et AP TRaR sty A ¥ W Dol el cet e 1rom

the gr S)Ups&ﬂcenﬁﬁ&ill?y&llumatﬁ?'aﬁleﬂﬁbdﬁﬁdhﬂﬂfz!t bénead) Ghrdvakd Whﬁﬁﬁﬂgmﬁdﬁl which are
at least partly in the solid state, e.g., a water-insol uble conpound such

as a car bBWHIC canimst dryiae an Ppfema Rore ﬁﬁl@wr@aﬂéur #Issphi t e, sul phi de,

nol ybdat e, tungstat t e enbodi nent ,
MWIBis at | eagfﬂz Eoﬁﬁé,@,ﬁeo@@%a@#ﬁ@&%f 'Pﬁé ﬁr% %} aé ?@hnll]heé OC%_(E_}flS% In one
enbodi rrenprecMRamM/dnB:dgaﬂatm s&tpomhcchnﬁvtzoloesbeﬁmgnn ﬂ.(ﬂﬁxﬁ.lrea@ﬁihé‘.hibﬂﬁ v-2+P
*zZ - XxX*z+n*y* = P, 0O0<v<2 0<z.

In one enBEaMHeHtLL f& qurgot%m%h@mﬁnen%s)féfi ﬂ%ﬁm@f%l@rV@%fa frent, Mimis a
m xt url(? 0 O]ﬁ]é r#eﬁ@ﬁ)tobtté‘iﬂagf&ﬂﬁ'ia}@ & C%EE al $pe @gﬁyg?é@l ¥pde 4and t ungst en.

[ 032] Maki ng Catal yst e cat prepared herein has a | ow
vol une shprenipaatge (anﬂequirtalp)mﬁ:aeéwsnigvoapeuathnds nThmmrbﬂahmtemumtwcam

hi ghnecha i C strength. and roved. performance, . rovj di ng hi gh

i o conerdiegie MBIk adicl BLoRieo o Boheosp ity

optim zat tlféfbo@flfkclilﬁblte @%ﬂ@fla aad{e%aats RN, t&fy \Lmedlﬁamllﬂ %ﬁe BE@RH 8 QFyre [ 033]
Reference wil| be made to Figure 1, whi is a di agram schematically

illustrat amb&évﬁecelﬁmbﬂbmm1pdﬁteé oy eoesilad, qmrf@megs afsmpenakm nd'ha selytiein et al | i ¢
catal 5 t Qaallvbquea?era o%torllaqﬂmn%%{ \?ac\lll?lm 02l premp&a 58 280 €% ¢vaporation of the

liquid.

[035] The precipitation (or cogelation) is carried out at a temperature and pH
under which the Promoter metal compound and the Group VIB metal compound
precipitate or form a cogel. In one embodiment, the temperature at which the cogel is

20 formed is between 25 - 350°C. In one embodiment, the catalyst precursor is formed
at a pressure between 0 to 3000 psig. In a second embodiment, between 10 to 1000
psig. In a third embodiment, between 30 to 100 psig. The pH of the mixture can be
changed to increase or decrease the rate of precipitation or cogelation’ depending on
the desired characteristics of the product. In one embodiment, the mixture is left at its

25  natural pH during the reaction step(s). In another embodiment’ the pH is maintained
in the range of 0 - 12. In another embodiment, the pH is maintained in the range of 7
- 10. Changing the pH can be done by adding base or acid 12 to the reaction mixture,
or adding compounds, which decompose upon temperature increase into hydroxide
ions or H' ions that respectively increase or decrease the pH.  In another

30 embodiment, adding compounds which participate in the hydrolysis reaction.
Examples of compounds to be added for pH adjustment include but are not limited to
urea, nitrites, ammonium hydroxide, mineral acids, organic acids, mineral bases, and

organic bases.



[034] Formng a Precipitate or Cogel: The first step 10 in the process is a
precipitation or cogellation step, which involves reacting in a m xture of

t he met alwpremwnrseons 11, e.g., Pronoter netal conponent PEX/SREOBEB3IG oup
VIB netal conponent to obtain a precipitate or cogel. The term "cogel"

The motal pr ecllGbr B et Bl LRGBS hUCHURARBH. R oRa e d i n
sol uti on, Fﬁb‘ﬁt@%@%ft reaﬁltﬁlo@m‘%gaaﬁ&{bfttﬂ@ﬁl%aa{oterlIﬁe@moﬁ@oﬁn&%ﬁdﬁorar e added
as such, they wl issolve in the reactionh m xture and subsequently be

precipita o mgeal Pedpounds figr rthe galngmgp@t tanbe tothg i can be
fseboY IR ogil wnd rthab Asi emrb affded tothamiat

heat ed opt| gnal |y un vacu? o eff rec({f? t| og (g(f eﬁ 1p@ﬁati on of

t he ||qm8“t‘r6%r§]as?ﬂ%°{) S LS ‘F% SRS Fp&%’é byt g ader t at a

tenperat Uf)@cipﬁtdteﬁbfd#ﬂfé@f IR dbRert &EthBT DEBI RFp TR oﬂlfgﬁﬁ@gl n@d sbhe G oup

VI B net al ound precipitate or forma cogel. In one odi nent, the

t enper at u?l@b imgRissieni firantp dreass theqonesdtyiod ke PEEHISOBSIGRQG I n one
enbodi mnEmPBﬁ]&eﬁ?S%h%lﬁfed%@% meﬁ%gu s%8&@%%%og%£<8%cgﬁpsioggﬂ%s\f‘gﬁ?ohp to

3000 psi na se etween ird

enbodl rrengreataethman udhttctQAtapgst grecuier. phh ©fecbhid embaditieat, dlan be changed to
i ncrease or decrease the rate of preC| pitation or cogel ati on' dependi ng on
the desir BRCORAFCAIERS HICTRse Bt t9e 9rbduct . I n one enbodi ment, the nixture

is leff at i tSLWLUI@J)neDé&Mﬂl ﬁl@t%a%e ; 1h%8d1§1%ﬁ%§1)3 ll§hpn§§§%§1@ﬁr

enbodi nent’ IS maintained int ange o ot her
enbodi mentliludnh emp&hts $romas A6 aitnBcbfithe toked compgetiaf ot?the cdBlystGrangsargat he pH

can be done ing .base or acid 12 to the re lon tur r addi ng
conmpoundsaoaiY et s see GReRiem sty epliecpitsiony aPR de f ong or
Ht ions t RaterfaRSRRE a¥slicd Beﬁ%%@ﬁﬁe&he ?ﬁ:@f pRa86h 6@ ePlatioh Bf fﬁ@%é’ﬂeﬁr

enbodi nent, addi ng conpounds which participate in the hydrol ysis reaction.

Exanpl es pfecwmourﬁkgntpdﬁsw ddd@tédnaftmalq)mbzdp awicoaivc; zine bulfide;buebiar e not
limt acid organic

hoi s 5 i B orllohlilch S AR, VRN R Bemp MR Acn B Rm " 90N Pt a

ligating agesnt, dotGainbalieuns,ishivalekls, adeledikilion gélo, Widratilg! or eci pi tation or
cogel ati on of the pronot er net al corrpounds and%or Group VIB netal
conpounds ammogium-sispilizpsifirhepla ged combmanonsdhergell dlupynym somppagnts

useful in the process of the present invention include, but are not limited to, sodium
aluminate, potassium aluminate, aluminum sulfate, aluminum nitrate, and

20  combinations thereof; magnesium components such as magnesium aluminosilicate
clay, magnesium metal, magnesium hydroxide, magnesium halides, magnesium
sulfate, and magnesium nitrate; zirconia; cationic clays or anionic clays such as
saponite, bentonite, kaoline, sepiolite or hydrotalcite, or mixtures thercof. In one
embodiment, titania is used as a diluent in an amount of greater than 50 wt. %, on a

25  final catalyst precursor basis (as an oxide or hydroxide).

[038] _Liquid Removal: In the next step 20, at least 50 wt. % of liquid

(supernatant / water) is removed from the precipitate (or suspension) via separation
processes known in the art, e.g., filtering, decanting, centrifuging, etc. In one
embodiment, liquid in the precipitate is removed via filtration with vacuum

30  techniques or equipment known in the art, giving a wet filter cake. A wet filter cake
is generally defined as filter cake having approximately 10 to 50 wt. % liquid, thus

being generally free of water or other solvent such as methanol and the like.



precursors as one of the reactors formng the precipitate, or it can be
added after the precipitate is forned. It is observed that the

i ncor por awpan10d26ddtgat i ng agents in sone enbodi nents si gaTfise@ntoBosd3i ncr ease
the porosity of the catalyst precursor. In one errbodi ment, a chel ated

catal yst pr ecu hovvs macr opore vo t.10% greater than an
un-chel ated ca (gﬁ% f eni?Pé)n%]e‘irQSthogﬁ%%‘l AEC 1St Oﬁﬂ opore
vol une 'nﬁﬁ&e@%ﬁnés‘bh@ﬁc &%ﬁ{on@Q/mnde%ﬂnemtﬁe@p@f@wéh W RrogbRl Sk &RUoP! OF in
addition to the Iigating agent L, diluent anpbunts from 5- § 4% of the

total conpasiut, ond afa mheematralsnyffmlept@a’@msm wa‘@nbaﬂrmrmo\atbldé@rgtamt his step,

dependi ng on the envisa cat tic .appldcati e ri Is can be
app 1 ed perBPuNg T B BT F PO SR E e LS ER AP T, &

precur $or sonskh@iielghs oPthe dhtai8Npre ST Alashddn Clinudethet BRbeaiha:, tild nc sul fi de;
ni obia; tetraethyl orthosilicate; silicic acid; titania; silicon conponents

such as s@uingnssions atzt Empgrstuss betuees P it200°G ifor aperigéiranging frpwassol s,

silica ge i u AP,

conbi nat i l(%?l%r tpﬁg{og&f ﬂéf”?éﬂ num @3%%%%&41&?ﬁ%féChhlaﬁ%S%0§3c1§2% or% t he
present i agerﬂ‘[aslodlrymgcbuld&rynlig;bvat&ymgt eflcimted to, sodium al um nate,

pot assi um al um nat e, alum num sul fate, alum numnitrate, and conbinations

t her eof ; nagne A0 Bevhbsedpitaie bigatings Thapmheubimantfcfakiys pEewse] ay,
magnesj u Lge 1@5&&11? Rl d et aQ?eas{%??gldg%ﬁi ihd8SrifRGRF5 UM sul fat e,

and nmagne |u nitrate rconia;, cationic or anionic clays such as
saponi t e, Ibemnt ambhddencikadiclatmag 1$emmed omtéyqrashygioxgamlcdlg’aeng agentd /Xt ur es

t hereof. I n one enbodi ne nia, is used as.,a dilyent. in an anmount of
o entor ¢ RIKOBGan bapEE i i o Shelfer SuPBuheeh r e e an o do or
hydr oxi de%ffedt%%}ayldf%ﬁogpdgﬁmg\/l‘i’éann bPedtehd§Ndr AkER willhedtn d @AfIond0 W . %

of liquid (supernatant /° wate is rémoved fromthe precipitate (or

sus pen5| oﬁqntmnmggb@hg@mlg@@elpr oli@slsgaztlnkﬁgem upesd lneh@ne@am be élegiameforl tering,
decant | i ment precipitate
o ey o ot P s ipsn D e g Ree roBstliald B hown |1 & he
art, gi VI ﬁﬁtaapmhrsbfsl(t@gerﬁ@mtheépwapmiﬂﬂgts%p cake is generally defined as
filter cake havi n? approximately 10 to 50 wt. % i quid, thus bei ng

general ly freelQfl]wht @ic GRDQSRAH, & eAtgldpHPraqUEIPT RSO HEIC! ligaliag eaent

(1 ke 1 0300 ik AP R Hnin RLRNAb 5L VB e S8 1L 3591 ofiks 1o

than a catalyst precursor that is chelated in the process of forming the precipitate, e.g.,
20  with the ligating agent(s) being added to one of the metal precursors or to the mixture
of metal precursors, prior to or during the formation of the precipitate. In a second
embodiment, the total pore volume increase is at least 40%. In a third embodiment,
the total pore volume increase is at least 50%.
[042] It is believed that in the post precipitate chelating step (after the
25  formation of the precursor precipitate), the ligating agent provides the precursor
precipitate with additional high specific surface area for the subsequent sulfiding step.
It is also believed that in some embodiments, the ligating agent changes the surface
charge of the precursor, which subsequently helps in keeping the particles separate
(less clumped together) in the drying step, for a catalyst with higher porosity.

30 [043] Non-Agglomerative Drying: "Non-agglomerative drying" means a

drying process in which particle agglomeration is substantially prevented. For
example, examination of the catalyst particle size in a wet centrifuge cake indicates
that the median particle size may be in the range of 1 to 3 um. However, after drying
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under atnospheric conditions or under an inert atnosphere such as nitrogen,
argon, or vacuum and at a tenperature sufficient to renove water but not
renoval oWvoapganseiconpounds. I n one enbodi ment, dryi ngPC3/Uyseeomsoset at
about 50 to 1200C until a constant weight of the catalyst precursor is

reached. | n_ anot her enbodi ment, the dr i's done, at a, tenperature between
500C to 28H0E $bF Thths SPIBARUPRH RangeHh Pﬁ?yﬂ 33%}% thay d@’%&fpgrn%r“?gng can be

done via h{aafamize%mer&rﬁ&@n%mar POWRe ipBrticli réhlin sicl togekicrsh drying,
belt drying, oven drying, etc. [04 Post Precipitate Liga %I ng : In one

enbodi nentlumphe efanercyln 4t teoer homiprleticpi fmsamd embpdimentalof fray reat ed wit h

at | east agen i n.chel atii n st 5. 1n .,one. enbodi nent ,
Shel o0 ng it e At 36 s AR eERRSUbIE BLRAER i SREN BARMLE Vet vapor
through tktﬂ)séqdehemﬂﬁa%xmrehaceatﬁ@bmble%mqmtf@ﬁmeurw ch is a nmore effective

way of incorporati n? i gati ng agents, the ter cake is washed in a
It

sol ution cont alMithgIn ere ambpgimen) vagenron-geglomergkive dyingraccss ééed Hr ei n can
be the Sagﬁgal fea Iﬂ' fg%ﬁ)lﬁ?e%t Ofnrlg ABYed Wtﬁtll(\éﬁ%l&g@ﬁésnt fah EBY@R%XFSH%?EPI used /

i ncor pora recursors (rea Pt Ci pi

step. [ 04difed. nloste eemﬁmddnmnthe nan-agglayedtivp dedhg ﬁl@ﬁud:d’&@ﬁftmh&’s&iawmg ad

| i gating agent applied post precjpitate form ng shows a total_ pore volune
of at |eal¥ @s%zspééﬁséﬁhapﬁ&ﬁﬂ%e%%ﬁ Hegiep S‘&P@éﬁ}eﬁ? dfing Pgclepeltat ed in the

pr ocess Otmc]ctf'?érr@rﬂ&dﬁﬁ&t p[P@ ﬁieHlah%Ez% is fesOthan % ttllﬁle% Iﬁ?e ﬂlbﬂ% %19%8 13 '15}6(—3 ) being

added to one of the neta recursors or to the mxture o tal "precursors,
prior to dryigupdrfiges. hlaaftbrrdam'bodlnwﬁlt tthengr- @glquntratlee ddymgapredwend

enbodi nent, the, tatal re voI increase |s | east % I.n athird
onbod menpirtihShigben i o e e SA08 e riiansieodbepatigasp t |

bel i eved Hﬂ@ﬂg‘l n the post precipitate chelating step (after the formation
of the precursor precipitate), the ligating agent provides the precursor
preci pi tate w tMShd8xampleapf ingtegdeeeaifivedrying metbodsigeluflobuttatenstubsequent
sul fiding,.ste t bel,i eved that..i dj,ment.s. the ligating
2gent T naHGUE o sl fy Bie et pEYGnl M st AR B SR IS lent 1§ el ps
in keepi ngoﬂtm t§BE Fddat@btodepakat B5%.) Bsnccdnmmiaderitogetigithrel ddnteheisdr yi ng

step, for a catalyst with hi gher por05|ty [ 043] Non- Aggl onerative Drying:
" Non- aggl Beeest ovessdhan Higs. Heathirdgmbodiment, to less than 5%. Ina fourth

embodiment, to less than 2%. In one embodiment, after non-agglomerative drying,
the dried catalyst precursor has a median particle size of less than 40 um.

20 [046] In one embodiment, after a substantial amount of liquid is removed
from the precipitate generating a wet filter cake, the wet filter cake undergoes non-
agglomerative drying 26 in a flash drying process. In another embodiment (as shown
by dotted lines), the wet filter cake is first chelated before the non-agglomerative
drying step. In one embodiment, the filter cake is flash-dried at an air (or nitrogen)

25 temperature of 70° C. to 250° C. in a period of less than 60 seconds. In another
embodiment, the wet filter cake undergoes fluidized bed drying, wherein the particles
surface area is exposed to the high volume air stream with the heat being transferred
to the product surface by convection in a short period of time, cutting down on
particle agglomeration. Fluidized bed drying takes longer than flash drying, but still

30  allows the precursor particles to dry in a matter of minutes instead of hours as in tray
drying or oven drying and with substantially less clumping.

[047] In comparative tests between tray dried samples (150°F between 2 to 4

hrs.) and flash dried samples, it is found that the flash dried precursors have a total
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drying process in which particle aggloneration is substantially prevented.
For exanple, exam nation of the catalyst particle size in a wet centrifuge
cake i ndiweren/nb@t the nedian particle size nmay be in Ph@/usanmg®3etl 1 to 3
nm However, after dryingsuch a cake in the conventional manner, oven

drying or tra dr the resul ti di an .siz partlcle S much
ey e poa o] M et BN LR 4 St ies Tettinsieg PETCUROFES. Ihan 20

tinmes t heaﬁcﬂhér‘e%lbo%irﬁ&rt the ﬂﬁ%&@@&kﬁﬁhﬁeﬁ total ﬁé{reqfomn%gof dih@sfil ter cake
dries out forming clunps or chunks (green body), requiring subsequent
mlling tomeethedmytdisdpaguisore size of the precursor. [044] In one

enbodi nent wit -n-aoglo ive dr‘. 1 D ocess (s 6 ignificant
aggl oner at i on ﬂy@&r Vent o be S0 e i h&?ﬁ ?ﬂdﬁ8f smal | er

si zes. 5 | ndaaefiReQRE m&ﬂltxed tdg@tuapaqtﬁ@@lt&ma@thev @pﬁkmén Aatprapdbgaginpar ti cl es
havi ng a nedian size of less than 20 tinmes the nedian size of the

pre- dryi njutget {ipdted 4o shapingriddsh¥ pepfiyor #ashts, PerRdormung agends, aed flidudnéss t han
el e B IRA AN S fodt HRAHV R RAR U SR or el ol f oD O TNt

t he non-agg Onerative uces n ian size of

| ess t hanebinidabkslouple amadmahy @aﬂﬁle@f/ ptehés ¢f6}frédt@i0@$naﬁd€reﬂk fromgpreiO4kS]

Exanpl es of non-agglonerative dry nmethqods include byt are not limted to
flash drylHgcat Peapiéongtlyingiuded ibe mﬁ%rlak%&)%nw ately of exirlystEcowsiost ur e
contepy tg;pe reduced to less than 15% In one enbodi nent, the noisture
content is reduced to less than 10% In a third enbodlnent to |l ess than
5% In a fourtﬁﬁ@hb@depﬁnumombnﬂemsdmhamnmﬂwibnamﬁﬁcknhmmmdemﬁnkabter

non- aggl onerative dry e drj at al yst precurs has. a nmedi an
ot oo SRGR bt R o e S i bl S REba he e o
substanti gé eaapymhe%pé alﬁltefﬁmb&yrmﬁl%ﬁg REhkig&e, rérgecrhmlﬁgmkﬁeegﬁﬂger ating a
wet filter cake t he” wet | ter "cake undefgoes nonaggl omerative drying 26

ina flas Huﬂwyﬂnlnglgpdwmwt mlmnarmtdqmbl@rtrlbnﬁthm@f aifchthcshigg appardoist ed
i nes thed wet filter. ?1 ﬁﬁ chel a @d bef ore the<pp ag%Ioneratlve
dryi nﬂ; st 8P TR GRES EHHD% ﬁ% etr a?‘h“ N ?e DigdMeST 1 QIR STE{OF t%n air

(or nitrogedix ni@Rpenabtd enbddifentCihetmixdplike rangedfr@arl. 0@ Whdugss than 60
seconds. I n another enbodi nent, the wet filter cake undergoes fluidized bed

drying, wherei H30hepana srebosimeniy # shepneraicagant ixgdded & @lio 96 DAMGRN vol une
ai v streamyy %Hdﬁﬁ‘? heal, CQt% a@%gﬁeg@r’s‘&fﬁ%aﬁ &8 1&}%\%}9&229 WGE cRHb&iRGR:, PY

convection in ort per CUtt
the shaping aid agent is selected an organic binder of the cellulose ether type and / or

20  derivatives. Examples include methylcellulose, hydroxybutylcellulose, hydrobutyl
methylcellulose, hydroxyethylcellulose, hydroxymethylcellulose,
hydroxypropylcellulose, hydroxypropyl methylcellulose, hydroxyethyl
methylcellulose, sodium carboxy methylcellulose, and mixtures thereof. In another
embodiment, the shaping aid is a polyakylene glycol such as polyethylene glycol

25  (PEQG). In yet another embodiment, shaping aids are selected from saturated or
unsaturated fatty acid (such as politic acid, satiric acid or oleic acid) or a salt thereof,
a polysaccharide derived acid or a salt thereof, graphite, starch, alkali stearate,
ammonium stearate, stearic acid, mineral oils, and combinations thereof.

[051] Inone embodiment, a peptizing agent may be added to the mixture.

30 The peptizing agent may be an alkali or an acid, e.g., ammonia, formic acid, citric
acid, nitric acid, carboxylic acid, etc. In one embodiment whether the catalyst
precursor material is to be spray-dried, ammonia solution from 10 to 28% strength can

be added in amounts of from 50 to 150 ml per 100 g of spray-dried material. In
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particle aggloneration. Fluidized bed drying takes |onger than flash
drying, but still allows the precursor particles to dry in a natter of

m nut es iweRerdi2ed91hours as in tray drying or oven dryi RGTASA0MMI0B(331
substantially | ess clunping. [047] In conparative tests between tray dried
sanpl es (15Q0F between 2 tp 4 hrs.), and.f]lash drjied sa hes, it.is found
that the FRelSi o Oﬁﬁnw@eeﬂ%wﬁ b ﬁazv&)yagflbkha!sfm ol B icas REFER y

prosi met ep ko 94, @enbBiadtantouhnts BrIrdn €0 td AY nfd bbleﬂ)op% SCPESQMSed thieAMOt her

embodi ment, the flash dried precursors have a total gfre vol ume of at |east
3 tinmes the trE3p2dr ieehoprascmbedinzent, (a8 forming spgnCatasoypdtdediodbar sor M x For
Shaping : _ILn this st 30, the dried filter.cake is m. xed together with

vat or - andBRHTIGHE T ER A bty e g s TR LR AsSe IR RS Bhap! ng
aids 32, peited Zd MéhcP ML SsterROIcRd, fpBlydthytend @gBtbSpolamedrsdedrbeiidrar@t eri al s 13.

I n one enbodi ment, rework material in the formof filter cake materi al

ext r udabl Bolypweh meracyylases. aphlpwrmohenes. andspdesslass whidedicemportat er i al s
f i : : © X
e on o ENER S0 RS U8 OSSR S Ak B 2 1

for a suf hganteintiupebitade adt liritel too MdthadelfMa(anaikibly feorh Matw Cheraichst anti al |y

uni form or_. honogeneous. The m xing_tinme. depends on the type and efficiency

of the m &PAGRBeAHIcGUE (2wilgble fignn FM(qBigpebapgrh Morsyet/r(fom Witsg) etk y or wet

m Xi ng, OFoﬁﬁabM@ﬁkig&Elbﬁ?ﬁﬁﬂ dgnd the m xi ng apparatus used, e.g., a pug
b er, ‘a Jou F

mll, a blen , e-arm kneadi ng m xer, a rotor stator mxer, or a
mx muller. |In[@3¢ enpodhotbert gmbdiementxdihgnt maerinkrgebe hddath 0THe t o 10 hour s.

10001 anadhgnE Mgl SiEed B GorRe e dof o et BT Bt p one o
embodi Mentard g tﬁﬁ%ﬂé%g@ib@erﬁﬁcﬁﬁh b ﬁlesbeépe&tf%aniﬁg lt}férlﬁ_@é]bi@atg kofeheRl the

cellul ose ether type and / or derivatives. anpl es incl ude
met hyl cel pugcarsers ahgelr oxybut yl cel | ul ose, hydrobutyl methyl cel | ul ose,

hydr oxyet hyl ce ose, hydr t hyl cel.l ul ose, hydroxypr | cel, | ul ose,
yar oxyor ony ! - Hthy TEe MR TG i P p R IRET 0 BEDEL A Car boxy
et hyl cel bellctisig, @ﬂﬁsﬁ%b%@@iﬂé}@@@ﬁfciem& Bmanatofiefat@ i adliciedmthe rhiktigshapi ng

aid is a polyakyl ene glycol such as pol yethyl ene glycol (PEG. In yet
anot her egﬁééf%@m‘ﬂs,“ b sceisids toat @né/élnlé@ttléwhf@rdﬁ@%@tzmga%@cs aping,

i.e., a mixture of dough consistency. In one embodiment, a sufficient amount of
water is added for the mixture to have between 50 to 90 % solids (LOI). In another
20  embodiment, between 60 to 70 % solids (LOI).

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

formed particles, such as spheroids, pills, tablets, cylinders, irregular extrusions,
merely loosely bound aggregates or clusters, etc., using any of the methods known in
the art including pelletizing, extrusion, tableting, molding, tumbling, pressing,

25  spraying and spray drying.

[056] Inone embodiment, a shaped catalyst precursor is formed via
extrusion, using extrusion equipment known in the art, e.g., single screw extruder,
ram extruder, twin-screw extruder, etc. In another embodiment, the shaping is done
via spray drying at an outlet temperature ranging from 100°C to 320°C. In one

30 embodiment, shaped catalyst precursor is extruded into extrudate having a diameter
from about 1/16 to 1/6 of an inch.  After extrusion the extrudate can be cut to

suitable lengths, e.g., 1/16-inch to 5/16-inch, to produce cylindrical pellets.
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unsaturated fatty acid (such as politic acid, satiric acid or oleic acid)
or a salt thereof, a polysaccharide derived acid or a salt thereof,

gr aphi t e,wetarocheeal kal i stearate, anmoni um stearate, sPERAISCOIAOBE31 M ner al
oils, and conbi nations thereof. [05 1] In one enbodi nent, a peptizing agent

may be added t e mxture. The pepti zi an al kali or an
acid, e.g. nﬁ%ﬁﬁ] ﬁ%&m i‘f)?l?’q ?fnnlgoé“largemn‘ihﬁrs?‘lip aéﬁﬁlysﬁar boxyl i c
acid, etc rebﬁlrs@[n@ aﬁ@Pﬁ'trBEé}B d‘f’ﬂ@@‘irh@fhr@d?% Gahdtay h@a&@&w&pﬁaﬁaﬁ&r bal is to
be spray- drled ammoni a sol ution from 10 to 28% strength can be added in

amount s obelf diden 25@baus 5050, tel 32)%"|C 100akpudfl 5 gpmatys@rﬁ%homtaeldlvellerelnnanot her

enbodi nen aci ds, ca n, t.he, form.of ueo ions of from
oo 4ot oltird bR FER i TP B kiRt S AFaREE 150 b8l 5y Jar 1 o
material . nfifde] InvrRNehhRimemhadittmpdratute RRABpdOIIARIGIAY et of 5-28¢so added
to the mxture along with the rewor Exanpl es of pore form ng agents

i ncl ude bher et dp alspeAndembodimenicridrysig is pereraradcat a dasirampy a9l ene

gl ycol poly, ate polyners, nethacrylates, cellul ose polyners,
and car boSL}g/lrFI%{tgg %%Eﬁég%onpose upon bei ng heat ed. Exarrpl es of

comerci al |y ajsig] a @neoahlidmﬁslﬁ ifas etk t;hemlfmamdng tl@@ﬂmpsd cam!ystd:en but are
not limted to: Methocel (tm (avallabl e from em cal

Avi cel (t npe (’%%ﬁalléﬁiﬂémﬁi &hartv\?epeéﬁf&}ffow%@ge %ﬁ"%é‘f el S Gf?fc%iwa@co) and
Porocej (t I,0 r t ment ,

di | ue(r?\(% rrg%ltea%%a %m bfg ag?ééorg S%]ﬁbg%lllt&gentr a!rggot%‘rsl} a@%ﬁagﬁggﬁéﬁéﬂ%ﬁu S step
can be thembmlrmea‘s thor cattiififtionentarficdoutany temparente oy em H0SCt togt007Ey have
been adde 0 the of f ng the precipitate fro net al precursors
Sbove 0B cHeBRBOE Rttt ARt EAT Bt it BIRAPas 1 s Lo be
shaped V' a pel [@9']ZSﬂHi»dl@StEfjs'T@l@,shéﬁedWaﬁB%’c ﬂ&cur@orsdbﬁfahrﬁhgfgw&@lmt of

water is added to'the mxing batch to adjust the batch viScosity to a
conveni enmatembﬂ ﬁmbqoﬂuzhfsdqddoi@mgatamvshatplyrs‘gWlih the usceofriit Jeasiree of dough
consi stenc a suffl s added for
the mike ardnigsbeB08 RERElTR 18 BYing TR Sl T EhubH- Snoodi nen
bet ween 6Qort&inifg WnpolhdshichWniler I{r@&ﬁﬂlngsﬂﬂ]ﬂ[tms Rk ae@sgposall@idtdi s step, the

cat al yst Brecursor mx is shaped into forned particles, such as spheroids,
pills, ydpeen syphigrighS byilseléguHab ineseyringit eheeducing environment, ¢.g.,

H,. Examples of sulfiding agents include ammonium sulfide, ammonium polysulfide
([(NHa4),Sx), ammonium thiosulfate ((NH4);S,03), sodium thiosulfate Na,S,053),

20 thiourea CSN,H4, carbon disulfide, dimethyl disulfide (DMDS), dimethyl sulfide
(DMS), dibutyl polysulfide (DBPS), mercaptanes, tertiarybutyl polysulfide (PSTB),
tertiarynonyl polysulfide (PSTN), and the like. In one embodiment, hydrocarbon
feedstock is used as a sulfur source for performing the sulfidation of the catalyst
precursor.

25 [060] In the sulfiding step, shaped catalyst precursor is converted into an
active catalyst upon contact with the sulfiding agent at a temperature ranging from
70°C to 500°C, from 10 minutes to 15 days, and under a H2-containing gas pressure.
In one embodiment,

[061] The total pressure during the sulfidation step can range between

30 atmospheric to about 10 bar (1MPa). If the sulfidation temperature is below the
boiling point of the sulfiding agent, the process is generally carried out at atmospheric
pressure. Above the boiling temperature of the sulfiding agent / optional components

(if any), the reaction is generally carried out at an increased pressure.
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merely | oosely bound aggregates or clusters, etc., using any of the nethods
known in the art including pelletizing, extrusion, tableting, nolding,

t unmbl i ng, wWpnesgi2eg1 sprayi ng and spray drying. [056] | nPomasesomsisaent, a
shaped cat al yst precursor is formed via extrusion, using extrusion

equi pment kno It srn | e screM/extruder extruder,

t Wi n-screw ex}tﬂfq?]&i Mthe FETRERPLS H@tlgﬁéﬁ?lﬂgg U)sﬂigﬁﬁine vi a

spray dthﬂﬂuﬁEgQQnﬁ%tbﬁk ?ﬁﬁﬁ%&%ﬁ%&&n&ﬁﬂﬂ&ﬂgh§&%ﬁbé9%9§c&ﬁb§? I'n one
embodi ment, shaped catal ysf precursor is extfuded i nto extrudate havrng a

di aneter performaboucaniyeldatastetizel by thampromeeties oftheratalyst presitsars teforext r udat e
can be cutI% tsurtable | engths, e.g., 1/16-inch to 5/16-inch, to produce
cylindricgf g%(1ets [057] Ther mal Treatment : In one enbodlnent t he shaped

catal yst precui@g| USod dmhddimitt the@e)yseircOtsdrls Shathdt@elel Yis ﬁﬁwh@dl rectly
heated oven, tray drier, or belt drier at about 500C. to 325C. for about 15

m nut es t essoufidly i moneimRilahimeresipe @lﬁfélbvtém@rthwnbstmﬁlar portion ohffereiesre to
drying teﬁaﬁg Rt %p?eé Ag u§{>£%é%£ es§9nt 61?&%@88@%0% sigh d%p?o_u‘? odiment, the

tenperaturé rs ra oW ra m nu h a second
enbodi neninca nhatdh@mertgan 0% ef therpoed t&inganﬁcasporésarand lges thah @ 0tf asat | east 25C.
per mnute. [058] In one _enbodinent, after the thermal treatnent, the
shaped caf8perorese alf ¢ caphorumenty the E%Fﬁlé’ﬁtr{éﬁlc%%oréla% %ﬁ%rdartﬂ%ﬂanru@hhe range of

about | 35006t R tﬁéggﬁﬁ'd}tﬁe brvaf?lln% iSHIR r sﬁgoﬁ'p res' Tr? fnguch as

nitrogen or argon, or stea I'n yet a e calcination is
carri ed oombedimant, mqnethan@ﬁ &0 histhovpern V@ﬁ@ﬁ)@s pmeﬁmeﬁacmpmm dnyal ci nati on

process, the cat recur converted into an oxide. [.059] Sulf

i g St ep nothirandileaaoa e o oL U SBr cunrar AP A M i er a1 61 can
be sul fidpgséf nhed !ﬂbé’t@ v%ﬁﬁﬁé’ﬁngﬁg%ldﬁ% 00%%d @Ol G@/ﬁuiﬁoﬁ’é erﬁlBodlﬁé‘l%tt thd

sul fiding agent 62 selected fromthe group of enental sulfur by itself;

a sul f ur costlabtmireayrsss mq)dumtmﬁd: hs hadieg 2 talpard Yolgme emging foers 0.08<fo

deco sabl.e i nt suI e 2S itself or i N an i nert or
educing efveibniao g ghotpBl G et ol Fr R ol B Fiidie
amoni um s fhudleam‘tiiﬂffﬁéﬂtutﬂib Bohlysod Foldme(d {NELst D 2 D%}/, amadsirtin t hi osul fate
((NH4)282q 3), sodrunrthlosulfate Na2S20 ), thiourea CSN2H4, carbon

di sul fi deSmEpgHEIcRYTor dicaiglysi RrecyrBNIE)t is BesiBrdsimtai igaiedethe total pore

volume is at least 0.15 cc/g.
[064] As the catalyst precursor, and the sulfided bulk metallic catalyst
20  formed therefrom, have sufficient macropore sites and large pore volume to overcome
the diffusion limitations of heavy petroleum feeds, the bulk metallic catalyst in one
embodiment is particularly suitable for hydrotreating heavy petroleum feeds having
an 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.), under wide-ranging reaction
25 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 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).
[065] Heavy oil feeds having a boiling point greater than 343°C. (650°F.) are
30 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 difficulty with their large
molecular diameter. In one embodiment with the monomodal distribution of
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(DVS), dibutyl polysul fide (DBPS), nercaptanes, tertiarybutyl polysulfide
(PSTB), tertiarynonyl polysulfide (PSTN), and the like. In one enbodi nent,
hydr ocar bwo 2bmedsddock i s used as a sul fur source for pePCEURMY 081381

sul fidation of the catalyst precursor. [060] In the sulf ding step, shaped

catal yst precursor is converted into an.actjve.catalyst upon contact with
the sul f g WgBmoPRteSdnt BHEAEGH & nagffyfﬁﬁb iSO e SBOEEYY {  om 10
m nut es t fetdedRYSods ﬁ@ﬂn?%‘@%r@géﬁb&@ﬂﬁ@di%@@r BNl R 0/Enm k&1 9Nen

enbodi ment, [061] The total pressure during the sulfidation step can range

bet ween afhtesipremgsteornp pehading 40 HEEY cenvivragn levél aftred%5Wo% (B Fon t enper ature

i s bel ow the boil.i int t I.f i di op Lh i N
carrieq ot nbSsEk Me Shut Bf M Ty LHRR B PR EBRRERTeLY e 2of the
sul fi di ngtlag@0tpph BRInk @AM dHIBRAEMSS thanf 1035 in 4 KRoiEAGbodAMchS gRNeral |y

carried out at an increased pressure.[062] Use of the Catal i};t: As cat al yst
pr ecur sor n&gRPAdimest, ferbubecaalyyt igpartifyady syiteddoighydrotreating a hganey

hydr ot r eat,.j . i . can be
char act or PoRef AT S B 0 oa¥ BN B AR AL G B RO TR

sul fi dati dmnyeta068¢r dmboain@cemihe dutkedutalydt epaaadiadrysiuifabedur Seiting S
characterjzed as_having essentially a nonomodal pore_ size distribution with
a subst ant$3l oyldeed bavigg an HerigsradegiinveiaidY B puresre from 308440 e n,

essentj al Ly,qiononodal pore size distribution nmeans that nore than 90% of

t he pores~bel ng macropores, and | ess than 10% as nesopores. |In one

enbodi nment, thi6oht Beyides lpvermur soqudase aizpdrsaibditisn of bustntablydeolg t hat nore

t han 95% of dt he nor. vol une is %gesente S macilopor@s. 1I n)%a%n@ her

enbodi menfodpBPdal i HihmaopYes. hePseEonof {RrRnsthp Falaiyntalspse opores. In
yet anot hgihcdhRadbeBRipertiRl Rckllaf Skt te _d@r%'it?%CB OoMBCHBRALES -
Mesopores if present have a pore volunme ranging fromO0.005 to 0.01 cc/g. In

one enbodgivent crusthgfrangthadfyas teapiraboutr & hs; dngl antediridion doss € tesathahdwidg. a t ot al
0 Yot Eol B Rt S5 5 AP, 1
pore vol ufR ABD & atle@sl.40:/d2 18G/ lird bmbadinrut, e €BDadmpit I DE/ca dat al yst
T S O ttth cmbadment. the CED fs n'the tage o 1.2 glee to 4 gied ™"
[067] Inone 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 less
20  than 2.2 g/cc.
[068] Inone embodiment, the catalyst precursor is characterized has having a
surface area measured by the BET method, using nitrogen as adsorbate, ranging from
40 to 400 m*/g. In a second embodiment, a surface area ranging from 60 to 300 m?/g.
In a third embodiment, a surface area ranging from 100 to 250 m*/g. In one
25  embodiment, the catalyst precursor has a combined high surface area and high volume
pore with a surface area of at least 150 m*/g.
[069] EXAMPLES: The following illustrative examples are intended to be
non-limiting.
[070] Example 1 Ni-Mo-W-maleate catalyst precursor. A catalyst
30  precursor of the formula (NHy) {[Niz. (OH)2.08 (C4H2047)0.06] (M0035Wo.6504)2} Was

prepared as follows: 52.96g of ammonium heptamolybdate (NH4)sM070,4 4H,0 was
dissolved in 2.4L of deionized water at room temperature. The pH of the resulting

solution was within the range of 2-3. 52.96g of ammonium heptamolybdate
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volune is at least 0.15 cc/g. [064] As the catalyst precursor, and the sulf
ded bulk netallic catalyst fornmed therefrom have sufficient nacropore
sites andwbasger2pe@ie vol une to overcone the diffusion | iPEITEsRI0/03030f heavy
petrol eum feeds, the bulk nmetallic catalyst in one enbodinent is

ticul i tabl t t h feeds h
P mospher iHedPtigs 4R B0t PO ot N P G 1 CBSEUIBE00R. ) - 1o
454 0C. (§al:iQFwhs RNHinRAE tdn gy besley ﬁ@%g%f%%&%m PR pslate PRAES

wi de-rangi ng reaction conditions such as tenperatures o from 200 to 4500C
, hydr ogewapthes addaktodhc fraymsaiBtivn adDgirkealrat roany taneb casuel untis peroeletebl oci ti es

s (2000001 i8hogrda B AR SR aBD Bl RnaliigRey ' © 2070 ™

hydr ocar berria@Mras Reduft i gdndlgabdaff@/ mﬁ%sfat@@aluu&o%a stiieavsr 00 hifgedmdhavi ng a
boi ling point greater than 3430C are conmonly characterized as

havi ng reﬂ@tHHf@IO}}ltWe@hTB%)@HPﬁQIbh@rmﬂﬂlythelfmemf&rEﬂge‘hS@W@éﬁB@ﬁoﬁ dtpos, and
hi gh carb i r];m- f fur
ni trogen gl%ggu%a Cgﬁt Im%% és%ncr cas ﬁgﬁ?(gtmr%g@%?dn& lﬁﬁﬁ:agg% ?@Q\%\(} Yv%{é% hei r

| ar ge nol esdih@teddo @8C eThe hox mﬂ&lwtba@w&mﬂlemltomy hédadwronbdalo the st ri buti on
of primarily masopores, the bulk cataly i's partlcularlr%% suited for

hydr ot ream%dvdﬁ@éwgﬁé&ersalueeﬁ] Fé%&éulﬁla%nﬁﬁtua%wa%%‘g*et Teatd srigRamet er
rangi pg f _RY DN
conversi o 3\?‘8 S0y teég%ﬂ% é%o&é%%%rl\@g%ﬁ%gwhe %gé/é.’%g@t f/?gghslﬂ fur Ievel
in fracti greeapmeeifd@obied bl the p@cgnmatetwam:ollleeisd bhéatr@onpgei n one

enbodi nrent, and | ess,.t han,10 i.n a enbodi 0 odi nent
Che bul K BiseRngievnaliiparer U APy Suof LS ToP BRI Et G
pet r ol eunpf @aerRaY hBdeBd AVE! a8 ré%ltﬁﬁgtﬁhﬁ{-y %@é’fﬁ%e%irfof andinGt Fo@mu 9 nmto

1.7 nm In yet another enbodinment, the bul’k catalyst is particularly
sui t abl e fiberedr eating a heavy oil feed having an average nol ecul ar wei ght

Mh ran ing fro Oto 10 / [ BeS|des havj uni ore size
di strlgutl on omﬁgs 11 2R e b IOFt 1 Y8 2 in lrF%%rso@:ﬁh%recursor
for form agniuneNFaY 4 ngg (@H)@%]QM% ;ywo%s(o T)B%aﬁ@%pdr@@hﬁfoﬂlb%%l 9&Sof

i ncl uding a conpact bul k densit at npost 1.6 g/cc; a_crush

strength @mn@pmr@b@ztala@db@ata(NHs)ﬁMavfamaﬂHz&i Ve dipgivadgs & 43¢ off deiopizedan 7
W . %

water at room temperature. The pH of the resulting solution was within the range of
5-6. 73.98g of ammonium metatungstate powder was then added to the above

20  solution and stirred at room temperature until completely dissolved. 90ml of
concentrated (NH4)OH was added to the solution with constant stirring. The resulting
molybdate / tungstate solution was stirred for 10 minutes and the pH monitored. The
solution had a pH in the range of 9-10. A second solution was prepared containing
174.65g of Ni(NO3), 6H,0 dissolved in 150ml of deionized water and heated to 90°C.

25  The hot nickel solution was then slowly added over 1 hr to the molybdate/ tungstate
solution. The resulting mixture was heated to 91°C and stirring continued for 30
minutes. The pH of the solution was in the range of 5-6. A blue-green precipitate
formed and the precipitate was collected by filtration, giving a filtercake.

[072] Example 3 Ni-Mo-W maleate catalyst precursor — post precipitate

30 chelating The precipitate of Example 2 was dispersed into a solution of 10.54g of
maleic acid dissolved in 1.8L of DI water and heated to 70°C. The resulting slurry
was stirred for 30 min. at 70°C then filtered.
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In one enbodi nent, the attrition loss is less than 5 w. % In a second
enbodi nent, the CBDis at nost 1.4 g/cc. In a third enbodinent, the CBD is
the CBD i s i nPChaSe@nmao3ef 1.2
the catal yst precursor has a
particle densi f 89 ) ent, the
particle den3|£@?3ﬁ i : 3. POl She Ll odlnent
the catal ygke. prﬂfettraﬁawst b&cﬁ&a{@mﬁmpa&q bas tﬁ@fb‘nﬂ%f%lt%%afk%f{ﬁaﬁﬁ a measur ed
by the BET method, using nitrogen as adsorbate, ranging from40 to 400
n2/g. In abasié 68%Hameivhiod iprsivle size serdgingel 66 sm Eé@ngmmgtaXmom 607.6 800 n2/ g.

enbodi ment R e pof BFEREFEaSeE St AR A G200 ar 8 ana

enbodi ment'® t'f area and

hi gh vol upes pQubcteinBednsdl 1R ¢Ranal Raidehccaimé 6REs thh® 1 Hhgke, %@ﬁg] EXAMPLES:
The followng illustrative exanples are intended to be non-Timting. [070]
Exanpl e 1ap@wdeshyyingpbetd te 40% gmeistuse. eEhﬁ%IbMo-WApr@gwrwrﬁtEX@méqﬁ ¥8% of the

Formi a (N A b0 oPubEHsPr O {6 HER. 2 Yol Dby (NOR- TV O30 2) ves

prepared as "drmoni Um hept g 24 4H20

at nost Iw02g1ocieeedtn a fourth enbodi nent,
I n one enbodi nent,

g/cc to 1.4 g/cc. [067]

was di ssotrugdnying s. Aﬂasleﬂryihg fon ittzceNdi- ML\airprartursomif\EkempErZat ure.

resulting solution was within the range of 2-3. 52.96g of ammoni um

The pH of the

heptanolybdate@NﬂﬁﬂéNh?q 24 4H C)was dissolved in the above solution. The
pH of t HEGTASHAT | Qi JIT T Of wes TIRE ot P T Wi SHaly

amoni uMJJgt gt ungstate pgve@%lu 4|0 ve SRl 2nd
stirred|a oom [ enper atur e yn I di ss / 90 g

concent rtaj-ed—(M Ht% 1 o—th !ut:op wWB condtant YBirring. The
resul tir ﬁﬁﬁlybdaté ung§ Qge solutg was |sti ¢Q®3for 10 M es pnd the
pH noni tloggd. The sol utjion had a pH in the range of 9-10.] A second splution
was prepared containing 174.659 of N (NOs) 6# O dissolved in 150m of
deionizedmmahéd andﬂhe t ed010G5900C. ThéOhot ni cked.0&DI utijon WBA7 hen| sl oW y
added o o—themolyhdatef tungstate—selutton—Fheresulting—Mm Xt ure

was hé%ted’Pb @“?W@Iﬁﬁﬁu§@“WﬁF%5meﬁ EMALREPT or 30 minutes. The pH of the
sol uti on was | ANeELARRE sOT iy $hbbUESHRANPRERRLAI i i QGRRfk, and ¢ he

precipitate was colTected by fiftration.
40 g of dried catalyst precursor prepared as per exarnples 1 — 3 was mixed with 0.8g

of methocel, (a commercially available methylcellulose and hydroxypropyl

methylcellulose polymer from Dow Chemical Company), and approximately 7g of DI
15  water was added. Another 7g of water was slowly added until the mixture was of an
extrudable consistency. The mixture was extruded using any of a double barrel Wolf
extruder with a 27 %2 screw and full-length of 33 »5” and with 1/16” die. The
extrudate was cut into pellets with length of about 1/8” to 2”.

[075] After extrusion, the catalyst precursor pellets (Ni-Mo-W and Ni-Mo-

20  W-maleate) were dried under N; at 120°C, and measured for pore volume and surface

arca. The results are presented in Table 2 as follows:

Table 2
Surface N, Hg macro Hg meso
arca BET | meso pore | pore volume | pore volume

Samples m’/g volume cc/g cc/g cc/g
Ni-Mo-W maleate 60 0.03 0.12 0.03
Ni-Mo-W 80 0.01 0.10 0.01
Ni-Mo-W maleate 96 0.03 0.18 0.03
post-precipitate ligating
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precipitate was dispersed into a solution of 10.54g of maleic acid
dissolved in 1.8L of DI water and heated to 700C. The resulting slurry was
stirred fWo280/1H691 at 700C and filtered. [071] Exanpl e PETNiS2MOAW38AL al yst
precursor . A catalyst precursor of the formula (NH 4) {[Ni 2.6 (OH) 2.08]
(Myo. 35W. 65q 4)2} was prepared as follows: 52.96g of ammoni um

hept anol ybdate (NH 4) 6My7q 24 4H20 was di ssolved in 2.4L of deionized water
at room t enper g eExdiglcRH QfifidRnERUDMNG o SOH4Ld OThM@spidstdti N the range
of 5-6. 73.98g of ammoni um nmetatungstate powéer was t hen added to the above
sol ution megwtalryetcpra@urmsﬁmeﬁmam fimeraplpedd o @ripbweakycte. Swl ved. 90ni

of concentrate NH 4). ded to oSl ution w gpnstant stirring.
The resul {eln}Pﬁr I %aﬁé%lgeayo\?ﬁﬂg‘g?taat@es%ﬁl@t%i @ﬁr V\%dsergltzqg)ra& gét }1% T m nutes and
the pH nMopdat@sERas IMEnE&d ok il Mduhagbraviath fime tRENS *BQ8viethe@offindA second

sol ution was prepared contai ni ng 174. 65g of N (NO 3)2 6H20 dissolved in
150m  of ewlasad et Reat 8rft dngnA B0 peigder booc. Thadhhpessarewes thedl uti on was
then slo I r .t ol.ytjon. The
resul 1 ng RS it nitahil IR Fhr bHAGSAER BoRRUHIST 5

m nut es. dRelfjdkl(DMD$ewssoddded e wesofl Mcd/tivair bad gen ofactod alldwdal toe- gr een
precipitate formed and the precipitate was collected by filtration, giving

a filtercBiesecdiordprekhntelys npcustor warii@dicatcd &2 60 gt prddBardoe! - post
preci pyt ab?\/lﬁg%h&’ﬁibﬂ%c?&?ecpfoe@&doﬂ @‘I%e%{nﬁaﬁ&' Wassm¥iRRiflaSPEpF &Nt 0 a
solution of 10.54g of ma e I

el c acid disso in 1.8L of DI water and heat ed
to 700C. Theumsestat whing tehasulfydavas vetsicomptbtd.or 30 min. at 700C t hen

filtered.[073] ple 4 - Agglonerative vs. - aggl rtive Drying of
Filter Cake. Th@gfi‘a PR preeth B _'sgﬂ‘f-sg‘%i)%gﬁ?@ ﬁ%ﬁlﬂ@%é filter
cake (haviag: RREULNRE ¥Vl BYd#bSrocR@inkicbh@itishZdAaVRAGE Weth tePBett D50 and
maxi mum of 7.5 mm) was flash dried in a 2" ThermaJet dryer with a 6000F

i nl et tenpedracraclangddDS2nd-HRN5OHRViGUMEstevebiniedr dlong withitkswlumeticl resi dence

tinme less.than. 1 mnute I Vi powder havi abgut . 8 .t0o 10% noi sture.

The N w0 ST EFRE IS o Py i e SRR e T B RPREE BB siBts SO0 for o

to 4 hour sbovEdDEF, b safit enfnt bﬁSUﬂﬁS%)pﬁQ@Hﬁt&d)%’bﬂ clfﬁ@ﬁthQBGp}iﬁl-, ad ash-dryi ng
e .

for the Ni-M-Wprecursor of Exanple 2 : Tab [
other properties as presented in Table 3. The reactor conditions include a pressure of

2300 psi, an H; gas rate of 5000 SCFB, and an LHSV of 0.75.

Table 3
Properties Heavy Oil feed
API Gravity 20.0
N, ppm 1100
S, wt % 2.72
Carbon, wt % 85.6

22 compounds

Aromatics, vol % 35.0
Naphthenes, vol % 27.8
Paraffins, vol % 13.5
Sulfur compounds, vol % 23.7

Simdist, wt %

0.5/5 640/689
10/30 717/800
50/ 866
70/90 930/1013
95/99 163/1168

20
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nil - anmount neasured within instrunental error [074] Exanple 5 - Form ng
Shaped Catal yst Precursors . In this exanple, 40 g of dried catal yst

pr ecur sorwprepanredias per exanples 1 - 3 was m xed w t hPOT82@b/08e8hocel ,
(a commercially available met hyl cel | ul ose and hydroxypropyl met hyl cel | ul ose

Baded.  Anot her (5T oReud b B BB HIS oM 0 h R St of an-
eXtrUdab'@G%Oﬂﬁﬁﬁ?&ﬂ&MonEhﬁmﬂh%{Hﬁﬁmﬂ@§ﬂ%%EJﬂﬂ?go%&i§9QQ8%IRﬁe%tﬁ99b|e
barrel Wlf extruder with a "'screw an length of 33 V" and with

1/ 16" di e25 Phm ieher sdpites boemsut into pellets with length of about 1/8" to
V" . [075] Af exLrysion rec rsor IIets Ni - Mo- W and
N -t Wl at EP VEPENE Pt R Bh S AR ARELHRE Y por e vol ume
and susf a@ﬁheﬁi}l@@mdm%dr S5 HhrhBerd E€prds ﬁﬁtlésnﬂé@@it@geg ofpropettlodws: Tabl e
2[ 076] Exaqgle 6 - Sulf dation wi th DVD! ase . The sanples of shaped

cat al yst etherswmecricabyalwsanpd & the weqce"lcerlaleeeri ¢laing, pighabapndessieodr . The

o rhEbdZoRlRat b EBRE Blond i Spll SROE b P s

ft3/hr. Fon was cont i hued our a

sw t ched af the aottrargthaaedicti¢dl patddmater8sch fortthin tAa tb1lbOnP§icgificationlatdour . The
H2 pressure was then increased to 300 psig and nmaintained for less than 1
hr. aft er 24shedhcleimearaiperiations that sevarplemsndiggairap disleaied rate of 4

cc/ hoys apg, Elth%ﬁ £ld ﬁe‘otﬁélhgd"@jthte‘br&"e ﬁ%htlfoﬁr Ifllsmoted-ljtﬁgt %@ﬁs%hYx?t

precur sor ated to OF." an the rate of tron
i ncr easedtmsaslﬁcﬂ'maﬁomand tih epricadpiclatuy; thewaszutriforss "raé'd‘aa,t' abOOthoF for 2

hours after h t| sul f dation ) | et e. 77
ryar opr oot LR bEEERS wES Bt tnd Bt e e R FRs Rt under
severe hydg %@é@l@e‘%&ﬁ' g t&ﬁﬂ%ctm&msdnaﬂg g@&ﬁmyﬁaal Ssriathd e [IRSRRE ko bO
hydrocracklnﬂ HDS, and HDN activity were evaluated, along with t

mi

vol umet ri 8o tﬂil@gechrth@terGCIﬂaﬁlenI@éamsm 4 listaptigitto the mblsmnmef@mﬁr dikt feed
ove, 7000k

with bonlln g qu ontent of 3 1135 ppm a
nltrogen %8%? ggu%8ﬁ¥ag%ﬁﬁ8t Eﬁ%¥%§@%tles as presented in Table
3. The reactor [mmlehisWtdnrﬁéls&Qﬁloﬁ u@ésﬁ@@ﬁipﬁes% dR3B6: M8linvedtionf2 gas rate of
5000 SCFB, and an LHSV of 0.75.

including the best mode, and also to enable any person skilled in the art to make and

use the invention. The patentable scope is defined by the claims, and can include

other examples that occur to those skilled in the art. Such other examples are

20  intended to be within the scope of the claims if they have structural elements that do
not differ from the literal language of the claims, or if they include equivalent
structural elements with insubstantial differences from the literal languages of the

claims. All citations referred herein are expressly incorporated herein by reference.

25
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Tabl e 3[078] Results obtained fromthe run included a 700F+ conversi on of
at last 40% sulfur reduction to less than 10 ppmin the stripper bottons,
N | evel twol2esg126d9an 25 ppmin the stripper bottons. [O0PET/USRIL00BES3IPUr poses
of this specification and appended cl ai ns, unless otherw se indicated, all
nunber s e@rﬁ@;ng guantities, percentages or proportions, and other

nurer i cal Gha used in the specification and clains, are to be understood
as being nodified in all instances by the term "about." Accordingly, unless

i ndi cated;to the,cont {@ISr)é%fE Q‘?mﬂHrPn’é higigka n@r@ﬁé@ﬁﬁsﬁloﬁ% nﬁﬁ'&t@eahﬂ%tahe

foll ow ng specification a ache cl al ar e ‘appr oxli Ions that can
vary depehyldmgprhqnofeedhhedgﬁlod@dnmrmngrt| es sought to be obtai ned by the

present invention. |t not t{ﬁb aslused i E CI fication and the
appendad cl ai rré’m‘flﬂlé‘géf mPB mgtal pregprsor nd a'nfiﬁ CastipPRide pl ur al

referenceg i ?Fe%ﬁrsﬁﬁm*’et%é IpYorﬁ'&@r HBRARYAsE 1Y id ée[@c’ée@%&rﬁ’ tRNBoLberent. As
used herein, the term"include" and 1ts grammatical variants are intended

to be nonGIerYIIh@rOSBlHIB Grieup HécGraup IV afd ¢arebrsations ghar¢edt is not to the
excl usi on of ot he t| tut ed
TStog rems. Cpohintaaife WIERE Ao SR aRT it Bl el sB T Bk oo e

i nventi onto foﬁﬁb%tamﬁbtbfb@m@@ﬁ%reﬁpdﬁe 1@@dq@1k1%@1uh@nenabl e any person skilled
in the art to nake and use the invention. The patentable scope is defined

by thé0cl ai ms, Sep#ERtBaMN] ¢l @resurrer Pisgiifpicdtom Mistligyidiplution forpwe aski | | ed
in the ar%trs&%g ot her exanples are intended to be within the scope of the
clains if 'ave structural elenents that do not differ fromthe literal

| anguage of th&eﬁin@ltfmﬁlteﬁcaké whthey ldamcd ligheing guéntdl ©forns kligetedcatalyel ement s
with insubstantial differences fromthe literal |anguages of the clains.
Al'l citatP6RYSPeferred herein are expressl y i ncor por at ed herein by

reference. CLAI g htggdaﬁ% s‘ﬁﬁgﬁgﬁﬁe i Dedf GRAYE R pEe 50%}5@5'511@%3%3%@“ si ng:

conposi tion for rotre a hydr ocar bo
provi df ngperulseastd a G oup VI B netal precur sor MWI B and at | east pronoter

met al precursor t he 0 nmet al precurs s, selected fromthe
group of Goup ‘VF/B’I ng teg %%Be‘{:%tﬁ@té’ﬁ??uﬁ& &F@Nﬁﬁrﬂﬂltb@ﬁtﬁ lr‘fati ons

thereof; gaghining the at least a Goup VIB and the at | east a pronoter
nmet al precursSor

2. The process of claim 1, wherein the ligated catalyst precursor is dried by a

20  non-agglomerative drying method.

3. The process of claim 1, wherein the catalyst precursor after drying has a
median size of less than 20 times the median size of the catalyst precursor before
drying.
25
4. A process to prepare a bulk multi-metallic catalyst composition for
hydrotreating a hydrocarbon feed, the method comprising:
providing at least a Group VIB metal precursor M¥'® and at least promoter
metal precursor M", the promoter metal precursor M” is selected from the group of
30 Group VI, Group lIB, Group IIA, Group IVA and combinations thereof;
combining the at least a Group VIB and the at least a promoter metal precursor

to form a catalyst precursor precipitate in a liquid solution;

21



to forma catal yst precursor precipitate in a liquid solution; separating
the catal yst precursor precipitate fromthe liquid solution formng a

filter caw®;20tweetding the filter cake with at |east a | ipgatisegoagsat L to
forma ligated catal yst precursor; drying and shaping the |igated catal yst

precursor, form ng a shaped catal yst precursor; .and sul fiding the shaped
catal yst precuPPEFNgth %@aqm@r%? * RSP ion ficd il sqlyan Osniere. or ocess
of claim firemhigeein the Iigated catal yst precursor is dried by a

non- aggl onerati ve drying method. 3. The process of claim1, wherein the

cat al yst pr ecudsong &t cetlydr pieagsdrddtea carediyanngi-egglahehesdiyfgn 20 times the

medi an si ze of, the catalys recursos. .before drying. 4. A process to
prepare amr?fholg’ ?}Bﬁwn-gr’?@k%ﬁt[Plgecgﬁ?%ﬁ)%?le%onposi tion for hydrotreating a

hydr ocar bon fe@@hm Retheeithge: HecREdrPantdicshf RstEndSf dhapi®asitl ageddOuUp VI B
metal precursor B and at | east pronoter netal precursor , the pronoter
nmet al pr eBlicdorming agentsepeptiziag aRewng dihecngrand sombinagtionytheeps, foraringp HB,

G oup HA, b%l‘?’fiﬁ A and conbi nations thereof; conbining the at |east a
G oup VIB and hetat |east a pronoter netal precursor to forma catalyst
precursor pr eckipipirafthe batchnlixtgty driadigut shapdsepdyapraegrsbhe cat al yst
precursor precipiitate fromthe liquid solution formng a filter cake;
dryi ng the cat 84i§idinghethapeteatalystipsseuesek Erpyngths bulkagitiomsielic ve dryi ng
met hodl, OE’éthinE'ti ng catal yst precursor particles; adding to the catal yst
precursor particles at |east one of shaping aid agent, a pore forning
agent, a peptizing agent, a diluent, and conbinations thereof, formng a
batch m xgur ure formn

precur sor > sul AGPRS RS EKARUATEDN A yEEerpR DTGP AY NS K
nul ti - met @fal 1a8h drying at a temperature of 70° C. to 250° C. in a period of less than 60
seconds.
15
6. The process of any of claims 1 - 4, wherein the non-agglomerative drying is

via flash drying at a temperature of 70° C. to 250° C. in a period of less than 30

seconds

20 7. The process of any of claims 1 - 4, wherein the non-agglomerative drying is

via freeze drying.

8. The process of any of claims 1 - 4, wherein the shaped catalyst precursor has
an essentially monomodal pore size distribution with at least 90% of the pores being

25  macropores.

9. The process of any of claims 1 - 4, wherein the shaped catalyst precursor has
an essentially monomodal pore size distribution with at least 95% of the pores being
macropores.

30
10.  The process of any of claims 1 - 4, wherein the shaped catalyst precursor has a

total pore volume of at least 0.08 g/cc.
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catalyst. 5. The process of any of clains 1 - 4, wherein the

non-aggl onerative drying is via flash drying at a tenperature of 70 C. to
250 C. i nwea2pwize@1of | ess than 60 seconds. 6. The proc@€3/uskoiamgo3sf cl ai ns
1 - 4, wherein the non-agglonerative drying is via flash drying at a

t enper at of . to 250 n eriod of lLess . than 30 ds 7. Th
L eeea of Pt Th pidcatsit 2y of Gairior Rrrharsia oo B e ST VBORP A e | & i a

freeze dryifigact Bulk HaRsiRf @ ssPf 6@nk. of claims 1 - 4, wherein the shaped
catal yst precursor has "an essentially nononodal pore size distribution with

at | east 90% of the pores being macropores. 9. The process of any of clains

1 - 4, mh ei n{ he shaped ca st, p ur s.or essentjally nononoda
pore size |stF%%8¥m8ﬁ(§fP% g?a %t @%Q gPtQ$%%%3§@§ng”ﬁ aSnaacropores 10.
The prpcesmpéctaﬂmed@ﬁs@h@ﬂr@rathm 2¥helei/@.t he shaped catal yst precursor
has a total pore volunme of at least 0.08 g/cc 11. The process of any of
clains 1 - 4, wherein the shaped catal yst precursor has a conpact bulk

densi ty of;at ‘TB? éro%es% 09 afty of 3‘1% msTPe4 Rl 2%&53h éa]t%y% %cu sloiafdpf

wherein t e cat a recursor has a ’‘conp act ]ngange of
1.2 to 1. theGuticmufidnctdlhie cpabsets h?cﬂro&ﬁeyrmgfhae la&]HTIEsu’i:face 4rea\l\ﬂﬂ&fe&aﬂiget he

cat al yst precursor ;or formng the bulk nuti-netallic catal yst for

hydr ot r eaf! Hyta9 M /BET surface area in the range of 40 to 400 n2/g. 14. The
process of claim4, further conprising providing at |east a ligating agent
L and adding the at least a ligating agent L to the at |least a Goup VIII
netal preddr sofhdbioBesnd ctae 4aturtheasetmpriongt er nmetal precursor M to form

EREEREN G eI ENE T e
to the at least a Group VIII metal precursor M"'® and the at least promoter metal
precursor M” to form the catalyst precursor precipitate.
15
15.  The process of claim 14, further comprising

chelating the filter cake with the ligating agent L.

16.  The process of any of claims 1 and 15, wherein the shaped catalyst precursor

20  chelated by the ligating agent L has a total pore volume of at least 25% greater than a
shaped catalyst precursor that does not have its filter cake chelated by the ligating
agent L.

17.  The process of any of claims 1 and 15, wherein the ligating agent L is selected
25  from carboxylates, carboxylic acids, aldehydes, ketones, aldehydes, 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

18.  The process of any of claims 1 - 4, further comprising:

providing at least a diluent selected from the group of zinc oxide, zinc sulfide,
niobia, tetracthyl orthosilicate, silicic acid, titania, sodium silicate, potassium silicate,
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16. The process of any of clains 1 and 15, wherein the shaped catal yst
precursor chelated by the ligating agent L has a total pore volune of at

| east 259%wOrenresedthan a shaped catal yst precursor that pdoas200t03¢3ave its
filter cake chelated by the ligating agent L. 17. The process of any of

claims 1 and 15, erejn the ligating agent L is.selgected from

car boxy| ab'tis? 8¢ &%;;*PISCSIQ&% %@S,,%a@a@@wg@,a%%m@a BHG UMWY acet al s,
formc acgafat@%ﬁininﬁuﬁqﬁ@ate,%aniegnhpala&i@sﬂmle%iag,, Aafshsiyihlegal aci d, cluconic
acid, fumaric acid, succinic acid, tartaric acid, citric acid, oxalic acid,
gl yoxyl i cmagiesjuradpdnokide, megntsival kalides, sudghosiim safitdsmagoplunsuitbsni ¢ aci ds,
mal eate, formate, .acetate rqghgﬁg%%%ﬁbutyrate, pent anoat e, hexanoat e,

dicarboxyF%?g?&ﬁﬁﬂnﬁ%ﬁ%Y%gP oh 18. The process of any of clains 1

- 4, fyurther coddhd Scn@leal0di@hiG tRS atl 18RS h Grodll VU Riet phRafsBAM TOM t he
group of zinc oxide, zinc sulfide, niohia, tetraethyl orthosilicate,

silicic aeidthetat leastipsomatsemgtal sraciset M (pwrmdhe eatplydtinreqrser gracinitategel s,
silica sols, silica gels, sodium alum nate, potassium al um nate, al um num
sul fate, alum numnitrate, magnesium alum nosilicate clay, nagnesium netal,
magnesi umlify dr dxdatteyst pegpaedibyrthdplocesof anpahesinsm s4il f at e, magnesi um
nitrate; zirconia, cationic clays, and m xtures thereof; adding the at

| east a diluent to the at least a Goup VIB netal precursor WIB and the at
| east ;pronoter netal precursor M to formthe catalyst precursor
precipitate. 19. A catal yst prepared by the process of any of clainms 1 - 4.
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