Hydroprocessing Bulk Catalyst and Methods of Making Thereof CROSS-REFERENCE TO RELATED
APPLICATIONS This application claims priority to US Patent Application Serial No. 512/625,368; US
Patent Application Serial No. 12/625,382; US Patent Application Serial No. 12/625,394; and US Patent
Application S&iaB6612625,399, all with a filing date of November 24, Z809UVTREANIEAL FIELD
10[001] The invention relates generally to bulk catalysts for use in the conversion of a hydrocarbon

feedstock such as cagjdbepcaismaBhRsdudyandeihodader Making thekslk catalysts thereof.
BACKGROUND 15[002] The petroleum industry is increasingly turning to heavy crudes, resids, coals
and tar sands as sources for feedstocks. Feedstocks derived from these heavy materials contain more
sulfur and nittEgessHraTT feaasE ROdeEad o FROIE £0m0&IRiIonal crude oils, requiring a
cons_ider_able amoqqﬁﬁ&f lﬁ/ ra%ggl f.Qi I%Qd‘?:{otl% obtaia gg@%@@ﬁ%ﬁ&@g@fg@@. The upgr_ading or
refining is accomplishe 59 ydrotreating p}rocesses, l.e., treating With hydrogen of various
hydrocarbon Fagtiohss;dr Whmtathipnlic idied Scop fébu JRIERS, 3 tHESTraisahdgdifcefotreating catalysts

to effect conversipr of3t4easa. RAKKS pfithe LepHls.llerrsioeks tdeymomealegular weight

hydrocarbons, or to effect the removal of unwanted components, or compounds, or their conversion to
innocuous orf1E88 ¢HaesManreshTdod?ifs. 25[003] Sulfides of "d" block metal elements of the Periodic
Table, have been used in the liquefaction of carbonaceous material, such as coal. US Patent No.

4441983 discloses the use of an activated zinc sulfide catalyst in the form of a zinc sulfide of a reagent
quality or a b@ﬁ%ﬁ%ﬁéﬁﬁgn-containing compounds such as pyrites (FeS2) and red mud (Fe2 03)
have begn discloserhas] catadyistedaosodhB0hyasadinationkand iguctaatorirptaecesses. [004] There

s & need for Improved catalvats with, optimummorpholagy sttuelyre. aad mproyed catalytic activiy for
high yield conversions. Fhere 1S Also a neeé’?_or an improve SFyocess to prepafe bulk catalysts for use
in the conversiethaf fieanakoitstbnbutksidelysT hlecineBntion relates to a novel bulk catalyst based on
sulfide(s) of "d" block metals for use in the conversion of heavy oils and residua. SUMMARY 5[005] In
one aspect, this disclosure relates to a slurry catalyst composition having a foimula:

(RPymt)amb@HrewifIIABy)g(Nz)h, wherein M is at least a block element metal; L is at least a "d"

block elgment metajiifferent a%l@a%;'ﬁ&@gggk_ﬁmgihglmh%gﬂdamﬁ%@é@ogbmgne
embodiment, R is a lanthanoid element; 0i1; 0 <h 1 a----<5; 0.5 (a + b)d5(a + b);V%< el | (a+b); 100

<17 (artb); 0504 4nckies S 85 SQNEes SRR Teop1q5KE, Ggflsipoxs §on VR tese hed
materials contain more sulfur and nitrogen than feedstocks derived from more
conventional crude oils, requiring a considerable amount of upgrading in order to
obtain usable products therefrom. The upgrading or refining is accomplished by

20 hydrotreating processes, i.¢., freating with hydrogen of various hydrocarbon fractions,
or whole heavy feeds, or feedstocks, in the presence of hydrotreating catalysts to
effect conversion of at least a portion of the feeds, or feedstocks to lower molecular
weight hydrocarbons, or to effect the removal of unwanted components, or
compounds, or their conversion to innocuous or less undesirable compounds.

25 [003] Sulfides of “d” block metal elements of the Periodic Table, have been
used in the liquefaction of carbonaceous material, such as coal. US Patent No.
4441983 discloses the use of an activated zinc sulfide catalyst in the form of a zinc
sulfide of a reagent quality or a beneficiated ore. Iron-containing compounds such as
pyrites (FeS,) and red mud (Fe; O1) have been disclosed as catalysts for coal

30 hydrogenation and liquefaction processes.

[004] There is a need for improved catalysts with optimum morphology,
structure and improved catalytic activity for high yield conversions. There is also a

need for an improved process to prepare bulk catalysts for use in the conversion of
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representing total charge for each of: M, L, S, C, H, 0 and N, respectively, wherein
- pi+taubvd+we+xf+yg+zh----0. In one embodiment, the catalyst has an X-ray powder diffraction pattern
with at least three diffraction peaks located at 2-0 angles of greater than 25. 15[006] In one aspect,

there is provigded-pprosess fanpreparngeakatalyst COMPOSHONIWAIER RIRsess;comprising the steps
of combining at lea &ftf\&vggdjffer%nt mgglﬂprecursors of "d" block element metals with a sulfiding agent
c

forming at lea8 48 SPHECTSCF; BARFIHYTHTRTIT e S A8 LTS Precursor with a
hydrocarbon compound to form the catalyst composition of the formula: 20
(RPYM)"(Lu)g@&(ﬁi\ﬁ,(HxYOY)g(Nz)h . In one embodiment, both metal precursors are sulfided, either
separately or together in one step.  [007] In another aspect, there is provided a process for

preparing a catalyst ¢&thpbsitiesivhichip fotdes woiripising therstepalpi seovigiitoat least two different

metal preCUr?ﬁﬁ%@fe{'%Hﬁﬂ%k(R@,-’(‘R@MID‘EE@*%{WHI@*)}R@% ane offbeimetal Areeyrsess 25 being an oil
dispersible sulfur containing orgﬁlnic compound, and miberq the metal precursors with a hydrocarbon
fti i

p 4610 M P 1
compound urtRkSOHBRIORE ElifidietiteaT the ol ARRFEIGH LGl A ESHEa G $gaflic ionic compound
to thermally descnpose: retedinRsulipndasithel sulfdetionoditeatPelad praauisars, forming the

o O e o

©aspect, therei§ prg\ii ed a process for preparing'a ca composition comprisi
catalyst preclirsgrwiltrablefstaws petabplecursors(ofidifarent'd: wlock. elesardnt metals in a solvent

carrier, then combining e, calplystarertrserwith 8 sulfiding.Aorntapd.abydiacathon feedstock,
forming the 2 catalyst composition of the formula (RP),(M)a(L")b(Sgd(CW) HNOY)g(Nz)h. In one

embodiment, RF&SBR&H &4THer 18 Sdidtid trsrirthedgrsnb BF SrepHEa%toneY B des, citric acid,

carboxylic acigdgrawvatarparehribduiasthearef drasg.aphadimand the mbdues of gatalyst precursor in
a solvent carrier is employed to Simpregnate coal particles as the hydrocarbon feedstock, then the

coal particlest ?égnated with the catalyst precursors are combined with a solvent, converting the
catalyst precursor ifitodhelsatal yspeoniposit proofdhie: foreneiaf(Rpjaitp aeawdws), (HxyoyvNz)h 10

BRIEF DESCRIPTION OF THE DRAWINGS [9LEigyre Lillusirates the steps inyolved in an
embodiment for | 6r0esbgjr}|}hg}tlll*\ce Era{gt(éﬁ?/%%()c%ﬂ%gl%t?})ensmﬁ% at least a su f%?ﬁgug?eﬁ. o [10] Figure 2

illustrates a diegjrapicefoseebid Enplodiment terislepafeathidiiding peeridmpostisieadth at least a
sulfiding stepg }plR4 LEEigUrs S lustratesihaisiepshinveived RRRathrLeMRediment to prepare the

catalyst composition with the metal precursors being sulfided separately. [12] Figure 4 illustrates

the steps invEREAS SR SRBaMHR O 5 ea it e st of 5 iB8eHon wherein the sulfidation

takes place inrAgMaAsfonRglia)stah(0”),(Nf13] Figune: brillustiratas Hoehsteps prabved in another
embodiment fog quBgleQaglj@lgrtheaci%te lyst composition Whgrein the sulfidation takes place in-situ, upon

. toget] 1
contact with énhy rocarbon cosr?eroun OTTOBCTIET I one ste
[007] In another aspect, there is provided a process for preparing a catalyst

composition, which process comprising the steps of providing at least two different
metal precursors of “d” block element metals, with at least one of the metal precursors

25 being an oi} dispersible sulfur containing organic compound, and mixing the metal
precursors with a hydrocarbon compound under conditions sufficient for the oil
dispersible sulfur containing organic ionic compound to thermally decompose,
releasing sulfur for the sulfidation of the metal precursors, forming the catalyst
composition of the formula: (R™)(M)o(L)(S")a( C)lHIAO )Ny .

30 [008] In yet another aspect, there is provided a process for preparing a
catalyst composition comprising providing a catalyst precursor with at least two metal
precursors of different “d” block element metals in a solvent carrier, then combining
the catalyst precursor with a sulfiding agent and a hydrocarbon feedstock, forming the
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[14] Figure 6 illustrates yet another one embodiment for preparing the catalyst composition wherein
the sulfidation takes place in-situ upon contact with a heavy oil feed. 25[015] Figure 7 illustrates one
embodiment for preparing the catalyst composition wherein the sulfidation takes place in-situ upon
contact with @heenpeil Feed and a sulfiding agent. [016] Figure 8 illus{ai&s’abeRerbne
embodiment for preparing the catalyst composition with the use of an alcohol solution as a carrier and

with the sulfidation3QiakesdRIRee i SHHRPARBAMEGY Wil a heayyoildsegangd asuliding agent. [0]7]

Figure 9 illustrates yet another one embaodiment for. preparing the catalyst composition with the use of
an alcohol sAIBHTSAITAG WRERSTRTHhEEy St sret (B iistave R Al EX8H forming a catalyst
slurry prior takiingdsseifor achicampeiltipgeaticywreesss] mixturfb8hdrigiire Gsbows the powder X-ray

diffraction pattegg 1f antetﬁpbodlpent C];%g’qe_zn oil-based c%;%yst comgosm n g%nthesaed from

oil-soluble 5dithiGcarbamate safts. ﬁéﬁ%sfilgﬁosv{\)/s ecﬁgﬁaer?}?av fPaction pattern of he

catalyst iﬁ Fig:upec?gﬁ)a,taﬂefxlme'sﬂwms(m h}dp@mlmgtébﬁé‘s)gckb tHeojheigenkpd@iidea graph s.howing the
changes in tﬂ%ﬁﬁ%ﬁ%‘é&@ﬁ?th‘%%%ﬁrﬁg% W %dnaanving e 2ndfEs talongightatio. 10[021]

Figure 13 is an r graph showing the relationship between the hydrogen to carbon (H/C) molar ratio
relative to the&@#Hte FecHFeT Weddht tatiy DETRREDIDE SCRIPUEN [022] The following terms

will be used {houghpdtihespecifigatgmgneill 15have the following meanings unless otherwise

indicated. [001] As used 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 prfommedt Ghapgdsate I sUpparyish is then loaded with metals via impregnation or

deposition catalyst. bulk catalyst is 203 dispersing-type catalyst ('slurry catalyst") for use as
diapersed catalyet POINHAL S A R BISRc EbHg aA B SR B Sh BBt the bulk
catalyst is formedchthirougihmpracipitationaf icanathdfiémbadiment, the bulk catalyst has a binder
incorporated into th@?ﬁvﬁ %tj ugg@ﬁﬁu%y 0. é%t%%}, 5?1[118 ler, %)mg%gﬂ%%%h Cgli'{et Obﬁj}ljéﬁjeg%t%%st is formed from

metal compounds and without any binder 2| As used herein, "heavy o ed or feedstock refers
to heavy andaatalsistiveanpstisdesitingllating bufifioglinsited to resids, coals, bitumen, shale oils, tar

sands, atg. Heavy qi{epdriask A b6 AN G50l PROARR Sl SARIplgs of neavy of

feedstock that might be upgraded as described herein include but are not limited to Canada Tar sands,
vacuum residPTFBRCERa SHANY S SR siHANCH o peidimsc s isinm saif s Serdstebhad, Venezuelan
Zulia, Malaysia, andgdngongsiaeStimatracLihesexampirs Piheavenibieedstasipnehids bottom of the
barrel and residuum left over from refinery procefsse_s, including "bottom of the barrel” and "residuum”

(or "resid") - BEGERREFRTBUEIB oS (R UL R poh {5 LNEQsnay e step-

[013] Figure 5 illustrates the steps involved in another embodiment for

20  preparing the catalyst composition wherein the sulfidation takes place in-situ, upon
contact with a hydrocarbon compound.

[014] Figure 6 illustrates yet another one embodiment for preparing the
catalyst composition wherein the sulfidation takes place in-situ upon contact with a
heavy oil feed.

25 [015] Figure 7 illustrates one embodiment for preparing the catalyst
composition wherein the sulfidation takes place in-situ upon contact with a heavy oil
feed and a sulfiding agent.

1016] Figure 8 illustrates another one embodiment for preparing the catalyst
composition with the use of an aicohol solution as a carrier and with the sulfidation

30 takes place in-situ upon contact with a heavy oil feed and a sulfiding agent.

[017} TFigure 9 illustrates yet another one embodiment for preparing the

catalyst composition with the use of an alcohol solution, and wherein the catalyst
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(650"F.), or vacuum tower bottoms, which have a boiling point of at least 524C. (975F.), or "resid inter
and "vacuum residue" - which have a boiling point of 524C. (975F.) or greater. [3] Properties of
heavy oil feedstock may include, but are not limited to: 5TAN of at least 0.1, at least 0.3, or at least 1;
viscosity of ¥ eHILAGEBL; API gravity at most 15 in one embodiment, antFat¥RBdeAT #lanother
embodiment. A gram of heavy oil feedstock typically contains at least 0.0001 grams of Ni/V/Fe; at least

0.005 gramsgtheterostamsiablsriddLbigr amaint residuat ahlrasi-dbOod seapsd Jasphaltenes; at

least 0.002 grams of IVICR; per gram of crude; at least 0.00001 grams 10of alkali metal salts of one or
more organid' S R AL tEALFH D05 grams of sulfur. In one embodiment, the heavy oil feedstock
has a sulfur conten{®@fat eigstdlwkhvantlepoiBdrgtavitytfitraion pertenisfian [4] In one

embodiment e heayy oi feedstack comprisso.Atnabasea piumen (CAnada) hayiag at least 50% by
volume vacuum_resufi n’another Thembodiment, the feedstock s a Boscan (Venezuela) feed with at
least 64 %o byivohoabanataseisesidue. In one embodiment, the heavy oil feedstock contains at least

100 ppm v (e arafiyof hegcol SeANEK) Jy anatt: esbadImGaAecY IRekinggs betiieen S00

and 1000 ppm. In a'third embodiment, at least 2000 ppm. | The terms “treatment,” -treated,"
"upgrade”, "Upgradl ity 2 eid 2ot upy fatiedreiisetiiyisied in conjunction with a heavy oil feedstock,

describes a heavy gijgedstack that E??%H%lﬁfvhﬁé @@%Haﬁ%@i%tﬁl@ oy depsacesaing, or a resulting

material or crude rodl{)ct, having a reduction in the molecular weight of the heavy oil feedstock, a
reduction in ARG Boht ¥antietBe HEAESVY/ITERISIZER: a reduction in the concentration of
asphaltgpes, a redugtion ipiphe:qoneanyatioprof?Shydreaathenfiesipdiestiscand/or a reduction in the

quantity of i rities, such as gﬁir njtrogen, axygen, halides, and metals. .[6] The upgrade or
treatment o%%%%}llt?ecea sof?s%&J Péﬁllf}rr &P ﬁ%?é?nt%% %5%%&0%&%%@ )I/’droprocessing is
meant as any process that is carried out in the presence of hydrogen, including, but not limited to,

hydroconver%%:i, A%%ﬁ@%%ipﬁ(!ﬁ%drogenaﬂon, hydrotreating, hydrodesulfurization,
ydrodemetalla

hydrodenitrogenation, tion, hydrodearomatization, hydroisomerization, hydrodewaxing
and hydrocracking #féRidingsilberehyors erathinged Hepmaduue tbosnepirepiotessing' may show
improved ViSGaSIES ISt AR RdIRES L RRWIRIRSFRPIRAT JRY, temperature properties, vol.atiliti.es and

depolarization, etc. [007] As used herein, hydrogen refers to hydrogen, and / or a compound or
compounds that whiéf i thé presesiectes bR btk aminieatasidniastirgespovide hydrogen.
[023] As useghereimuiiRieipaisifectaninigamhendsat eschpogieahl Wit suace active agent,”
"stabilizer, or "surface modifier") refers generally to any material that operates to low.the surface
tension of a IWWWHW@H&%&W@%W gﬂ’fﬁo@‘iﬂlﬁéﬂ]ﬁ ?E%ﬁﬁ@bﬁgh@%ﬁ’gb‘é% 'Tatalyst particles
and the hydreiearbeidcliOoith Altesizativetypescimatomdbi dagion;dhe sulfasictafhopellates:tpsdower the surface

tension hetween (e catalvet mateliakinSusRensionanding avetd selvtiondnybich
mixture of liquid {e.g., hydrocarbon oil}). In one embodiment, the bulk catalyst 1s
formed through precipitation. In another embodiment, the bulk catalyst has a binder
incorporated into the catalyst composition. In yet another embodiment, the bulk
catalyst is formed from metal compounds and without any binder.

23 [002] As used herein, “heavy oil” feed or feedstock refers to heavy and ultra-
heavy crudes, including but not limited to resids, coals, bitumen, shale oils, tar sands,
etc. Heavy oil feedstock may be liquid, semi-solid, and / or solid. Examples of
heavy oil feedstock that might be upgraded as described herein include but are not
limited to Canada Tar sands, vacuum resid from Brazilian Santos and Campos basins,

30 Egyptian Gulf of Suez, Chad, Venczuelan Zulia, Malaysia, and Indonesia Sumatra.
Other exaz:ﬁpies of heavy oi! feedstock include bottom of the barrel and residuum left
over from refinery processes, including "bottom of the barrel” and "residuum” (or
"resid") -- atmospheric tower bottoms, which have a boiling point of at least 343°C.
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the catalyst material is suspended, thus in one embodiment the surfactant allows controlled and
dispersed layering of the catalyst particles in the solution that contains the catalyst material. 15[024]
As used herein, the term "catalyst precursor" refers to a compound containing one or more catalytically
active metald¥ fré¢htil#it¥ compound the catalyst having the formula (RP)PCT/US2016/057631
(Mt),(Lu)b(Sy)d(r),(2-1/(0)g(Nz)i, is eventually formed, and which compound may be catalytically
active as a hygsorgcassing saialystdhemsatalyst M%mlfﬁﬁnﬁg;am transtagnaiieninto the catalyst via
chemical rea%% ith ZOonfie>p nore, reagents (such as sul ng and/or reducing agents, e.g.,

hydrogen, su .ﬂﬁ.ﬂe&‘ ?ﬁ‘é‘ﬂffh‘fﬁil%‘ﬂféméf §7V8t?1 PRI B atment (such as
thermal treat=hG. 1TkMHSep gﬁenmal treatment, pressure treatment, or any combination thereof). [025]

As used herein, the 85;;35% Holf O Qre of feeé ast one. oglv(\i 5 éjrsl,gt 9 é)e de{ace several
elements or classeé epnts suc asv% or%}éf][y\rn and , IS Inten d1o refer to a single

element selediad frbm 2agi0V ont Zast 6ombrinatiost df wlﬁmﬂmgf%@@t@d (mﬂh % geavievcommon class

(such as X1 gng X2) <85 é%%'k%@dﬁﬁ&ﬂp'E&?&'Mﬁﬁﬂ?%tﬁ@%ﬁﬁ%‘}%ﬂ iffergniclasses (such as Xi,
Y2 and 4). X, Y, and Z here are SlmEye meant as exarr;&)es for explanation here. 30[026] SCF / BBL

(or scf / bbl) ke o8 Eeusioe) Staia deeipiestade ot §aON Zraap Sy harebarietsoP Wdrocarbon feed.

[27] The PerigdigsTatiecriatad 0 heteinvis thend ablesriprovResby.du TPAG @ad the U.S. National
Bureau of Standards, an examﬁ)le is the Periodic Table of the It:rlements r% Los Alamos National

Laboratory's @H%ﬂ’if’é’ﬁf BiliaioH Y- orme 2061 per e B o ol AR D elements of the
Period Tiablesphreginthel Qaﬁsubk%}é&lﬂhﬂﬂe(ﬁﬁhﬂid&&i&lwﬁlb@@aﬁ)@m@g&iﬁl@hﬂalﬁ@ Thi, V, Cr, Mn,
Fe, Co, Ni, Cu andeE i %9 Lanth r%o gé) Jar nthanl . OF sometimes r?éerreg to gs rare earths)
elements reféf Fo TRHIHRE SleMEntsSh the Perotic rinle Wit Aomit Fimbers é’?‘lﬂwough 71.
1()[030] "Qil dts;éé‘t@ulei"cycoﬁfpnuntﬁmeaﬂﬁ that the compound scatters or disperses in oil forming a

dispersion. In one dlm%% 5!%%0(! &Qe[{lsell% es @pﬁg@&oaﬁg&ﬁg |§ﬂmﬁh gglssolves upon being

mixed with oil. atalyst Formula: In one e ent, t alyst composition as expressed

in elemental folcR @asrﬁ@fgéﬁem folrsald s (RPYOIY veeHS WeldCwh @4-Ji6Y)g(N7)h . The formula
herein refers g {he;cRiRlYSE 8QlidR £A0SEWING RS catal St eldny L Plba R 6lf3@/e\é}vaﬂ0n M and L each

represents at least a "d" block element from the Periodic Table such as Sc, Ti Cr, Mn, Fe, Co, Ni

and Cu and MORgfferertfitduer 8 8%?6??3%%%%%&%@@%?@%%‘%% of lanthanoid

element fromighe Rerigaicy @Jélegﬁiiﬁh)ﬂ&hs@ &efe%@t&m)etqnlmuan@ﬂm&f&kMkmﬁaw Riis at least an
alkali earth metal such s mag [EP Aso |r}11é_! tlon p,t U, V, Wo X, ¥, Z representing
nl& (&M, %S

the total charA 0P RES PR 60 %&ﬂo 1 dlepiaiiipn

pi+ta+ub+vd+we+x{86A) =0 hR teritky amhsemptimamgmg ‘ﬁupgnaﬁetb hplgfmmdgL awith subscripts a and b,
with valldgs of a an 9 la,r %c‘tllgle%ly ranrﬂq rg from %}to 5 and i% eé CE/adeSC @es > eQresents sulfur with
Hi 0 i

the value of thé’fémbscrip ranging fro epresents car onwith subscript ¢

having a valusldt@lstodk (k1) bH@twddeﬂwthm@d/mdéf@Dﬁmme BtE@+b). 0 represents
oxygen with %@té’ﬁi‘i‘Sr%%é%}g&gtf@éﬁﬁ%@r%ﬁcﬁ e MJE&?&%%H%?E%&% Bihaving a value

of 0 to 2(a + b). In one embodiment, a sufficient amount of metal
feedstock, a reduction in the boiling point range of the heavy oil feedstock, a

reduction in the concentration of asphaltenes, a reduction in the concentration of
25  hydrocarbon free radicals, and/or a reduction in the quantity of impurities, such as
sulfur, nitrogen, oxygen, halides, and metals,
[006] The upgrade or treatment of heavy oil feeds is generally referred herein

2

as “hydroprocessing.” Hydroprocessing is meant as any process that is carried out in
the presence of hydrogen, including, but not limited to, hydroconversion,

30 hydrocracking, hydrogenation, hydrotreating, hydrodesulfurization,
hydrodenitrogenation, hydrodemetallation, hydrodearomatization,
hydroisomerization, hydrodewaxing and hydrocracking including selective
hydrocracking. The products of hydroprocessing may show improved viscosities,
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30precursors are present for b/a to have a molar ratio ranging from 0.10 to 10. [33] In one
embodiment, the catalyst of the formula has a M to L ratio in the range of
1:10-10:1 (as molar ratio). In a second embodiment, the ratio is in the range of 1:5 to 5:1. In a third
embodimentMfdo ¢’ ron ratio is in the range of 1:10 to 1:5. In one enfBddir@t/®9%ron and L is
zinc (or vice versa). In a second embodiment, M is iron and L is titanium (or vice versa). In a third
embodimentyMcissifomdiogh LsifRaaRganese (OF iegveras) plo- it thoembesiment, M is iron and L is
copper (or 5vjce versa). In a fifth embodiment, M is iron and L is nickel (or vice versa). In a sixth
embodiment “RRSESPEEF 815d L is iron (or vice versa). In a seventh embodiment, M is cobalt and L is
iron (or vice versa).[l¥En aightcdrhbedindedteprsdfen arid-drigehromitem {oomigaivérsa). In a ninth
embodiment, M is titanium and L is;iron (or vic r 4 0di t, the catalyst has the
formata (R e o, e I SRR e it 96, n one
embodinfent preidirtytodigom ratio is in the range of 1:5 to 5:1. In a third embodiment, the zinc to iron
ratio is in the range gh4;1Q 10, L. pn 0. forurih.gmbadiment (he FeLtuGalalysh.haswzinc to iron ratio

(wt. %) of about 1:1. In a isfifth embodiment, the Fe:Zn wt. ratio ranges from 40% to 60%. In a sixth

YL

embodiment %HB ZHH8cotaliFeagerh (WEevh it td) Aoy RGeS o6 RS I B4Rt 60% being the
most preferragdaterial Bl chiiseetians thatfalewdrrsrbe.eagesithaigarhesed in the
manufacture of the catalyst. The term rea%ent refers to a raw material g-'t%t %aa be 20 used in the

& R OBl

manufacture $FHHE CatAR SEUificRERRBNh RS REHRST RESHS SR " [36] The
term “metal” seiferatefightibloghk cle oertineage s wutheinalepsentalodompaiadudidonic form. The term

"metal" or "metal il%]rt%%{grsor" in the.sin ualggigqrirn IS not llmlte%%geaso @'aqllte/ (n%tlgl or melg]aéhprecursor. The

ns1 en, the catalyst suspensign an on 11 W o
term "in the igSO e Stal en In one gm odiment means that the metal component Is In a protic |IC]UId

fowl. The terii¢weabispracorsdis mfmad@ith@mgtah@@mmmhh@l@ﬁﬁ&@y@ﬂows [37] Metal
Precursor Cq 951%'?1@5.5%%1?#6 , éhéﬁ&%lg%@Yﬁ&%&%ﬂﬁ%%ﬁﬁ%&o&mmm Usedhone

embodiment, at least part of the metal precursors is added in the solid state. In a second embodiment,
at least part dharatphstanpiesilrsors 30is added in the solute state. In a third embodiment, at least one

of the mgtal precursgta may, he-ghselHbig. Miﬁﬁ%ﬁjgﬂ?ré@%’sﬁﬂ!@é@c@ﬁ%ﬂfoﬂﬂer dispersible. The
metal precursors can be provided as an elemental metal gr as a metal compound. One of the metal

precursors cARTHEHAYARS AT SRR SEral Al facdEe e hdta e PreetredPe &H M added in the
solute state. Fhgnneiakpiaclargors Ranbe i satipEr ditforent)i.8.catharganisreedpaands, all

inorganic compo r_lds, or one or anictalnd one in%){]%anichT e mO%teaL Orecyrsors ngone embodiment can
be catalytical é%h?/(érflg(.)ﬁﬂ a @gﬁ%ﬁ? Gratié et SUlde or FherTicated 8re: 5[038] In one
embodiment, catdiyaspene of nwetht prectirsosblisiseldotedtfigshvia chemical reaction with
20 one or more reagents (such as sulfiding and/or reducing agents, e.g., hydrogen, such
as within a hydrocarbon mediumy} and/or via any other suitable treatment (such as
thermal treatment, multi-step thermal treatment, pressure treatment, or any
combination thereof).
[025] As used herein, the phrase “one or more of” or "at least one of” when
25 used to preface several elements or classes of elements such as X, Y and Z or X;-X,,
Y -Y, and Z4-Z,, is intended to refer to a single element selected from X or Y or Z, a
combination of elements selected from the same common class (such as X and X3),
as well as a combination of elements selected from different classes (such as X, Y»
and Z,,). X, Y, and Z here are simple meant as examples for explanation here.

30 [026] SCF/BBL (or scf/ bbl) refers to a unit of standard cubic foot of gas
(N2, Ha, etc.) per barrel of hydrocarbon feed.



inorganic compounds, including but not limited to sulfates, nitrates, carbonates, sulfides, oxysulfides,
oxides and hydrated oxides, ammonium salts and heteropoly acids of "d" element metals. [39] In
one embodiment, at least one of the metal precursors is an organic 10 compound. In one embodiment,
the organic Métal préetifgors are selected from the group of "d" block mef{I'B&Ra#/ trdahic acids,
such as acyclic and alicyclic aliphatic, carboxylic acids containing two or more carbon atoms.

Non-limiting examplgsqf thg.organit aeid SritsiaghddRr _eelairs roxMalipso il aterspapthanates and
octoates. In another embodiment, the metal precursors are selected from saléiof organic amines 15

such as alipHcintime N diorabREsHineRE g da iR AR it SIRBE BY i mixtures thereof.
In yet anotheElembadiment Hermetadfredlsors:ang's Cleaidsdr a3 Bigandtetditic200mpounds.
Examples include b e not limited to chelates such as 1,3-diketones, ethylene digmine, ethylene
diamine tetraacetic @:%%ﬁ aﬁ% Bﬁ%a%‘%?/%“%?n%se{ﬁ“a&‘61%‘%&% é%ﬁfr? anSe él‘%s?eaﬁ%%e}ﬁﬁ&lta}%g thereof In a
fourth 205sembddimentf theametal prieguibolds EramplfuiobndaibingiolydhicMdorhpolndsi.e.g., a chelate
compound Wlﬁtﬂ sylfug.as a coordinating atom such as sulfhydryl S-H. Examples include but are not
limited to thiols such as dialkyldithiophosphates, thioor dithiocarbamatcs, phosporothioates,

thiocarbonates, trim&réAptottiiziuad eiolshbaatds ansreaprass fBiciarboryicatids RC(0)SH, dithio
acids RC(S)SHn2atanddaiaiad cempornists in t4PLEaMPISS filelaiiacusaLssnclude but are not

limited to ferric sulfide, ferrous sulfide, iron sulfide, zinc sulfide, ferric sulfate, ferric nitrate, ferrocene,
ferric phosph@@?&%%lt sulfate, cobalt nitrate, cobalt phosphate, nickel sulfate, nickel nitrate, nickel

phosphate, copper suifgte;oappgeRitRie.GappaiGapheshiale, ceppandceiates eobalt acetate, nickel
acetate, coppgr naphthenate, copper acetate, cobalt naphthenate, copper oxide, copper hydroxide,
kel oxice. TR B e b e T 2 BRSO NETUTY Hapivhanate. mickel
naphthenate ctitapoemi cithibedubmatel tilasotl sulfpde, bzing allggddithiomdrbamate, zinc alkyl
phosphorodithioatc, zi [ E enzothiazolc, zi i enzy, it 49? p mate. cobper
dithiocarbamate, mééégjnrz&&? qttoip m Ao 3{5 %géﬁﬁ?gﬁ%ggbﬁ%tg gr% (%m%%r*?at?onss thereof. In one
embodiment ctiressiedahplengrsdriure isetebredehror Brinelsulfide crystalline powder, zinc-iron sulfide

powder,,iyon @@ﬂ?gtg@yvg@gv)mwg@qm, the. RetAlRIRGUSAL RV has A average particle

size of less than 10 microns. in a’second émbodiment, the average particle size is‘about 1.0 to 20.0

microns [04139HEne Bt BbamRTBRERY Shatapieelrsdridasiuttrisdil B fieket 10component, e.g.

nickel nitrate ;gickghaulfatasmickeasatatempickrlshirridgicaiomxiiwesctharsef inanother
embodiment, the metal precursor is a nickel. compound which is at Ieas@c;}g}g% in tlén,e solid state, e.g., a

water-insolubt®nickértdmpBuiy SENS HilREnt ates HAREPAYdr ['BffYsphate, nickel
phosphite, nigkalfoimnaies picketisubide;) aicke frool yindede o dicKabtengstase L nidkel Waide, nickel alloys
15 such_ as nickel-molybdenum alloys ney nickel ixtures thereof. In a third.embodiment, the
metal prze%curse%cr' isgl\?vég%grefs%%%}é n'?gﬁ’;%fjf%é%%dsstoalﬁt%kﬁml ﬁdgl;et%?% ﬁg?ae?ﬁ 'oa&nrﬁiéiﬁ‘t‘?”the metal
precursor is a water-8Bllibislse agthete@igtionnpirbm.companemtlieptbregiolgtdstatel sedegted from iron

acetate, chlotide, formafe, J&ﬁ%ﬁﬁlﬂ@tﬁﬁgﬁsp@xﬁfﬁa@@mq&%ﬁuIfiding Agent: The use of

sulfiding agent depends whether at least one of the metal precursors & readﬁcontains sufficient sulfur

in a readily reledeamhe Yé6I fortre sedatiBrdihth SURRETHN S AeEERBFEOM -2t lor &k itk In one

embodiment whetgateast.ane eidhe.eidrRracurseipdsRaipisalubleh oitdispeasiple sulfur
ing compound with excess sulfur already present in the compound (for the 25stoichiometric

formationtof 118 S datatyeie SOOI B SHE ARG LI ABENTEA: | S8R TFibHe Embodiment,
the sulfiding. gggnbiS(elemntal _ﬁdplewém Hﬁ%ﬁn!ﬁi&ﬂﬁb@fi@ﬂ&@iﬁ;ﬁm&aﬁbe csfubﬁdi_ng agentis a
surconaigs oL i R T contions s Sepemperile g o

oxygen with the value of g ranging from 0 to 5(a + b); and N represents nitrogen with

h having a value of 0to 2(a + b). In one embodiment, a sufficient amount of metal

30 precursors are present for b/a to have a molar ratio ranging from 0.10 to 10.
[033] Inone embodiment, the catalyst of the formula
(RPHMY LS C)lHHAOM(N?), has a M to L ratio in the range of 1:10-10:1
(as molar ratio). In a second embodiment, the ratio is in the range of 1:5t0 5:1. Ina
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30[044] The sulfiding agent is present in an amount in excess of the stoichiometric amount required to
form the catalyst. In one embodiment, the amount of sidfiding agent represents a sulfur to the "d" block
element metal ("M" and "L") mote ratio of at least 3 to | to produce a sulfided catalyst from the catalyst
precursor. 16VPrréndtieeifembodiment, the total amount of sulfur-containif§ ToRPEUTAGE generally
selected to correspond to any of about 50-300%, 70-200%, and 80-150%, of the stoichiometric sulfur

quantity necagsarnmieeRRvertihe metalsiniaforaxannim£re 1 Nd3S2E TiSogic. 5[045] Suitable
sulfiding agents include hut are not limited to, for example, any sulfur compound that is in a readily

releasable foffPPIFBEMPIE, T AR LR S MumP POl S S8 RS2 Y Sammonium
thiosulfate_((Whﬁ&%@)ﬁtﬁﬂ@iﬁ@m@wﬁﬁ@.(lll?da&ﬁ?d)_éa)ﬂihdkﬁmeea (\@Sﬁfahléla)dtlarbon dis_,ulfide (CS2),
dlmethy_l disulfide rl?elé/leDc\?.l)v{jlenQ}%%Q I- SILIJIIF%L}%I\QISH ,Otaeirtlgéz t%éli[f)%y?%%lﬂd% S‘E)TPSQ;.&B drto_tertlarynonyl
polysulfide ( , Mercaptanes, thioglycols, and mixtures thereof In another ‘'embodiment, the
sulfiding agentds setectdd frifth atkblidiarmtt 5f alkalirméarthmubtdl sulficesiradkaliband/or alkaline earth

metal hydrogSQtﬁ‘él}l@S&ﬁn?éﬁ‘ﬂ M%‘dl}?ﬁ‘ﬁ&%ﬁ&%‘{8@&5?&7’4&%}?@@9§a§$§n‘éﬁ?”tai“ing alkali-and / or

alkaline earth metals may require a itional separation process step to remove the alkali- and / or |
15alkaline eafthbRterdstidns tebapert katdlpst{or vicRra]ialontd anbekfifrebrdmensuMding agent is

ammonium syifide, infagueeysiselilionAnAdyenus AmMenidm-sullide saluiencande synthesized
from hydrogen sulfide and ammonia - common refinery off-gases. This synthesized ammonium sulfide

is readily soldbEPh@fafse dRtdan easily be stored in aqueous 20solution in tanks prior to use. Since
ammonium sulfide gohtjondsmeredensathan sesigsitheambesaprrated easiisinasettler tank after

reaction. 7] The sulfiding agent can be added in ‘suitabfg.f rm, Jn one,embodiment,
elemental suﬁ‘ﬁ?f .L%%iw ?ﬁ%np%&?é%téod“@élrB%Waléé%%ggﬁ? STl mfi)k@réalsn% X Orkr}nnof a sublimed
powder or ascacanbediratedtbispersiomofsticte sia tAbcammertiakdlower iof sthlfwr). Allotropic forms of

elemental sulyf, sih, as priorhomic, and manqclinie sully. a1 also sitahlefor use herein. In one
embodiment, the one or more sulfur compounds are In the foun of a sublimed powder (flowers of
sulfur), a molterbedifesniatseFardraporyer combiratiom ortmittr &ivddeiit30[048] Optional Binders:

In one ersbodigentRaiRds! is.artisnaly.inglydesiniie mosgsster makingithe catalyst. Generally,
the binder material has less catalytic activit)/ than'the catalyst composition (without the binder material)
or no embodiment, the Zn to total Fe + Zn (wt. %, metal basis) ranges from 40% to 75%,

with 60% being the most preferred.

[035] The sections that follow describe reagents that can be used in the

manufacture of the catalyst. The term reagent refers to a raw material that can be
20 used in the manufacture of the catalyst, which c.an be in their ciemental, compound, or
ionic form.

[036] The term “metal” refers to “d” block element reagents in their
clemental, compound, or ionic form. The term “metal” or “metal precursor” in the
singular form is not limited to a single metal or metal precursor. The term “in the

25 solute state” in one embodiment means that the metal component is in a protic hiquid

form. The term “metal precursor” refers to the metal compound to the process.

[037] Metal Precursor Compounents: “M” and “L” are derived from metal
precursor components. In one embodiment, at least part of the metal precursors is
added in the solid state, In a second embodiment, at least part of the metal precursors

30 1ig added in the sohute state. In a third embodiment, at least one of the metal
precursors may be oil soluble, oil dispersible, water soluble and / or water dispersible.
The metal precursors can be provided as an elemental metal or as a metal compound.

One of the metal precursors can be added in the solid state, while the second metal
8



catalytic activity at all. Consequently, by adding a binder material, the activity of the catalyst
composition may be reduced. Therefore, the amount of binder material to bc added in the process
generally depends on the desired activity of the final catalyst composition. Binder amounts from 0-95
wt. % of the YWtaNEHMPG8ition can be Ssuitable, depending on the envisa§&d E&AI(iE Application. In
another embodiment, binder can be optionally added in the range of 0.5-75 wt. % of the total
composition.precudd@kAhBchinger imatesiais.cande Hddee iotheunetakpideutsoraeither simultaneously
or one after thﬁ: other, Alt§ nagiyelé/, the metal ﬁ(gecursor.s can be £ mb,igneedotr(%%gltpgr (fand subsequently
a binder matSHsr &lin' e A4AEAHS T ESHIEMED TFHETEF SEEtrets: f 'a¥E possible to combine part
of the metal predussgusieitibe siomiltaneoush/ioponedfiditivatotivebs torslisselyentyeadd the binder

lﬁerr?ﬁégégr gither simultaneously or one after the other.
e

material and (o) fizril?ll?}/ caa}g{d }Qg r%sétﬁfg% 8 dpgﬁ%
Furthermore, itTs ale6 p'o§5'| fe to combine t Inder with metal precursors in the solute state and to

subsequently add agagfakRREUSEh@HEASLPRILY JRDE U F5SIAIGs is scIRYRsignal binder

materials include any materials that are conventionally applied as a binder in hydroprocessing
catalysts. ExBighedciserer e i cdprinsdunmdinalehiasebtce aiiba SHEemEnina, silica-coated
alumina and glurmigascpated &llisadaluming &uehl asifRseuseheahmile, A gilkbsipelfitania, zirconia,
cationic 20clays or anionic cla%%guch as saponite, bentonite, kaoline, sepiolite or hydrotalcite, or
mixtures therSots i cheSSMEBURTEHY, binder materials are selected from silica, colloidal silica doped
with aluminum, silica- ina, alumina, titanium, zirconia, or mixt eof In.ane.embodiment, the
catalyst comprises %ﬁa&&%} g%g%%}ﬁhacfleii%%ﬁﬁ%n%&%ﬁs%%% Ir\%‘ﬁl%%%ﬁgr)norr%%ahia, on oxide
basis. 25[051pTinesadbifiders sndpdeeppliedisgchety afeupeptisatisiectedsiamBoiossible to apply
precursors O‘zgm\‘?ﬁ%@‘WW&%&Q%%S&P{%@{&Q%%ﬁié‘,rﬁaER@X%E%é%%ﬁ%ﬁii%iﬁ%i@'dE‘SC“bed

binders. Suitable precursors are, e g., alkalimetal aluminates (to obtain an alumina binder), water
glass (to obta&f R XTHER Ry ADRBENFR Ak RIeH AiNAR S AR PRk (5 obtain a silica

alumina bindgfd, 30 A1MReiu snefuse ureesaf & indii-candonigiavatentiaetabsiehas a mixture of
water-soluble salts of maﬂ%nesium, aluminum and/or silicon (gt%g)reép?re %cationic clay and/or anionic
OB

clay), chloroHyaFBFT ATPRATIIEIRGRC B RS feratsete OnE&Rib&GIRENt where alumina
is used as a biiones, dishaleraimadindenitasambidageareayangingiromdidhtod0nh2/g, with a pore
volume ranging IR Qs 1 1 Nee MeRS E R IUTOBRN, ARAIRKO I SRS RIapgmENt wWhere
titania is used He A BINGeT, the Titania NAs an average partcle size of less than microns. In a
second embadimentgthé ditanpobintie Erasplnsanehaigdpartichosizeitef keskethizn Si¢higtons. In a third

embodiment,the,ignja binger.nasianaveiAge RANIEIE. 3.l ialeritag 0.005 microns. In a fourth

embodiment, the titania binder has a BET surface area of 10 to 700 m2/g. [53] Optional Sulfur

Additives: Thehihsdogranmesuuidaddnelve msptisri 1 ond BREMERIIBERREN R 1858t a sulfur additive
(also refgyred-o,aginifidiag._edithe i israddagdiinabsiuipingtb-amifdhpsuliiding agents described

above, the (M)-metal precursor, the (L)-metal precursor, separately or in a mixture with all reagents. In
one embodinfaRRRHROTHIEBINEL S 20 40 TR R &Y %%%q%énﬁgf sulfur in the catalyst,

and in anotherxgmpledimentc inereasioding.atabilitylotibe datiatafysitidctiviiipsates, tifo4] In one
embodiment, the amount of sulfyr additi e%_se interchangeably with additives) ranges from 5 to 50
ot % of the S OUHLSE STEE BRI 1S Tt A

e suﬁclaﬁjng agent). In a second
embodiment,ttistamoesn trangesfsoind @amety it attdeRGECaRTbulithaf seifaRintFo8tced in the catalyst.

25 and related compounds.

[040] Examples of metal precursors include but are not limited to ferric
sulfide, ferrous sulfide, iron sulfide, zinc sulfide, ferric sulfate, ferric nitrate,
ferrocene, ferric phosphate, cobalt sulfate, cobalt nitrate, cobalt phosphate, nickel
sulfate, nickel nitrate, nickel phosphate, copper sulfate, copper nitrate, copper

36 phosphate, copper acetate, cobalt acetate, nickel acetate, copper naphthenate, copper
acetate, cobalt naphthenate, copper oxide, copper hydroxide, nickel oxide, nickel

hydroxide, cobalt oxide, titanium tetraphenolate, titanium naphthenate, mickel

9



20In a third embodiment, from 15 to 30 wt. %. The sulfur additive can be added either in the pure state
or dissolved in a suitable solvent, e.g., water. [55] In one embodiment, the sulfur additive is
selected from the group of thiodiazoles, thio acids, thio amides, thiocyanates, thio esters, thiophenols,
thiosemicar%@iddd/0eiGareas, and mixtures thereof Examples include blRGH&F8i ¥SiiftHited to,
thiobenzoic acid, 2-thiocresol, 3-thiocresol, 4-thiocresol, 3,3'- thiodipropionic acid,
3,3"-thiodipropighiteiftc S Litimetnd dnephenalmathykihioghcalaiednpathvint)iasemicarbazide,
naphthalene-2-thiol, phenyl isagthiocyante, 2-phenyl thiophenol, thipacetamide, tr%gber_lzamide,

2 6. dimethyl HHEPHENBIO DRI BEROP 2 GNP R AS 28 BB ifobiurea, 30ethy!
thioglycolate c2ppee tioxycthinphenehadgmetraxytripphe ddl]2-4digtoykbsineecapto-1,3,4-thiadiazole,
amidinothioureg, & amingre-etyihio-d, 3 dsihindinz ot Z-amino-umercaniel, & dpjadiazole.
3-amino-5-mercap?‘o-f?ﬁ,zil-?nazble, 27amino 10p erioﬁ1 en‘%ene-ﬁ,@-%ﬁ%ﬁloeﬁcﬁ org%hiophenol and
2,5-dimescaptol;@lAddhindic oD i TzDd-iron s§flelncandtherrembbdimentahdsatfar additive is

selected from i cﬂﬁ‘?&ij& E{Ier?r?ert%?gaﬁ%&'i AlsEXRITRIes g8 £pMRURdS of fatmpla 14S-CH2 --CH20H
(2- 5 mercaptoethanol) and HS--CI-12--C (C6H5) H--OH (1-mercapto-2-phenyl-2-ethanol). In yet

another embBdREHt, thesseifed Sabmiiadsiohs vfmaiarsidndis (sutnuad dithBad1 sulfides,
di-tert-butyl sytfidgs), dinydroxyalkyl sulfides (such as thiodiethylenc glycol (S(CI-120-120H)2),
thiodipropylene glycol), diary! sulfides (such as dipheny1 sulfide), diaralkyl sulfides (such as dibenzyl
sulfide), alkyl ethers?fhiogRemsISToaeiER LS MsLEhIERIY ey it Tt stiRisHigHeir substituted

derivatives (siekpascethylenecaelfislestthiapheneififipziole] thiepyane:dhipkaihieac, thioxanchydrol,
1,4-thioxane), dimethyl sulfoxide, %[ift‘weyttt;[iﬁl gthantolththioqucolic acidi dithi(?f%llycot, andddiethanol
disulfide. T TSFFIA"SHE emBSHMERE TR ST AFdRVE & S Ebimet Sy avAifbie
15sulfur-containihgscorrpaynd]eigy thtestinbstytpal i dfide stickohH ERSIZT 4dmyruadofinh Company or
catalyst presulfiding,agent SUlfiZelTM from um' 1 r _ I{ 10 or qgﬁgpdiment, the sulfur
additive is suTBﬁbcrkig“r% ?)%Gf\?\? gscrefcﬂlr(r}?{ ((\%Il}c?%({er?é lé? ’su%ﬁu&,\%\ﬁ}%ﬁ’cé%%eg u?s)%%%%] ’srﬁspension either alone

or mixed witHamotte nslighuHstrpoumh cneéyg deth. orefenhicmsipse pisio pirdsxaivisifidasveight
20propodiong,of, Qstﬁiagz%m%%/fémﬁlé 1 anle 10% elarnetas StRler ip angigxample, and 20 to
0

50% polysulphide and 80 to elementary sulphur in another example. [159] In another
embodiment SRARCETTER athgitRAEH P EEE SR SO BRE YrBIRHHGImetiin SubisteDRFS, dimethy!
disulphide Di{asdiethapeisisulfidenid gredadihiobis £thapRIPEQIS) splubler-in water, glycols, and
polyglycols. In one example, the sulfur additive.is DEODS mixe%in, forrgic acid or a methyl formate

organic solutkSPOReHgB S ROHS S EIFASIERE TR LR SPRSuFHRELS: ESMASNENEIE optional. In one

embodiment sal s factantisusadrddie surfactant can be any suitable surfactant 30which use favorably
oo e ik RS SIS o AR A aar e, oo
embodiment otiiechthooretal precursors already contains sufficient sulfur in a readily releasable
form for the sulfidation of the metal precursors in-situ or ex-situ. In one embodiment
wherein at least one of the metal precursors is an oil soluble or oil dispersible sulfur
containing compound with excess sulfur already present in the compound (for the
25 stoichiometric formation of the sulfide catalyst), sulfiding agents may not be needed.
[043] In one embodiment, the sulfiding agent is elemental sulfur by itself.
In another embodiment, the sulfiding agent is a sulfur-containing compound which
under prevailing conditions, is decomposable into hydrogen sulphide. In yet a third
embodiment, the sulfiding agent 1s H,S by itself or in H,.
30 [044] The sulfiding agent is present in an amount in excess of the
stoichiometric amount required to form the catalyst. In one embodiment, the amount
of sulﬁding agent represents a sulfur to the “d” block element metal (“M” and “L”)
mole ratio of at least 3 to 1 to produce a sulfided catalyst from the catalyst precursor.
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of surfactant ranges from 0.005 to 3 wt. %. In a third embodiment, from 0.01 to 2 wt. %. [61] In
one embodiment, the optional surfactant is added to the metal precursor components either
simultaneously or one after the other. Alternatively, the Smetal precursors can be combined together
first and sub%éhHeHAgSHRe surfactant can be added to the combined metal pFEEH SIS #Atanother
embodiment, the surfactant is added to the hydrocarbon transforming agent to enhance the
micro-emulsinnufermatianotiene, emhodimasinthe anfaurd:efsiifaatanbandadtadhihydrocarbon
transforming agent ranges from,0.005 tq 3 wt, %..J bodiment..jit ranges 10from 0.01 to 2
wt. %. [62 qﬁtiﬁeﬁoo%’g %&%%Pn’?gﬁtogé Or%vs\jd;f %rq(%g“égag}t? {% eosﬁx}gag:zgé{:lgtocb%hog%%dded to the
feedstock to shechjminopriose$sing mpiey akiomssey tp adveantivilneads stiedn tadvephydmfconverted,
instead of or,gi@ adqﬂ%gontéo the addition of the surfactant to the hydrocarbon transforming agent. if the
surfactant is ‘sgrqély adged to the 15hydroconversion feedstock, the amount to be added ranges from
0.001 to D.05 wt. %l8#iheSeitabin whedarabeeiértutid o 0050w brodedtoofirtsesaiond embodiment.

[63] The surfactantGapReatleast: o afeRiDicRUKRHadEs, 2YiteKAmS SWfaskants. amphoteric

surfactants, nonionic surfactants, cationic surfactants, and combinations thereof. In one embodiment,
the non-ionicseliSc AR SEIGEERETR EDEbyORy M RER R RO OiEuERE Polyoxyethylenated

alkyphenols, patvaxyetbyienatsd,slkyphansisthorWars, ansutheilikadSuitshleleastanic surfactants
include quartemayry long-chain organjc amine salts, quartemary pol X long- chain organic
amine salts, }‘?H?f[ﬁig @%@ﬁﬂ&ﬂg&%mﬁ%ﬁ%ﬁﬁh@% Efﬁg‘f(fg" g@%‘%&g font the group of solvent
materials havintasyhighl suifaeEten@ompropaty 2bsschiasiethiglend carktionatéectrefizdphcnone;
benzyl cyanide, nitrobenzene,,2- phenpylethanol, 1,3-pr ial.4-b digl -pentanediol,
diothylenegy L S e SHRA) i e B A MR e

_ ormamide, N-methyl
pyrrolidone, andaixiides theveondimyadkasthetiombddineegenraliida crahmeonipsises a surfactant
having a h'gf{@%‘5@?%98@%@?&%@'&%%@&{8&%&%L 3Quhich puriactant Ragme
embodiments, helps enhance the conversjon yield of at least 1%. Other examples of surfactants
include acetdhfyiféqscRtoMEdEIPY EEMIEORBIRNTES Hidthy ranst hietlator€thahol, acetyl acetone,

diethylcasbonate, shlarafoln: ethyleaerhlaridg, diethyl ketone, and mixtures thereof. [064] In
one embodiment, the surfactant is a cationic surfagtant, e.g.,.a water-soluble cationic amine selected

from the group of c&8/Pim SRR RSHRIFA ISR RE SR L ARPEIEL L Bioride, dodecy

trimethyl ammquisiy aning. Aenisineiiyhanmoniliiechintide anddegdebybipbenohguaternary amine

soaps. 5[06&;1?;,
0

: none eg;lpgdim nt, the surfactant ise?.n %gc%?ic co und &Qntgiging at least one
nitrogen ato su

F phospnoTrods 8Py Ay STWi 5 éar i§& phase with enhanced catalytic

activities. Themnmﬂmnshtﬁéd%emdﬁ_jrﬂn@bléigmirﬁng dasmmﬁacbﬂmdmﬁdg’@g@msadditive to be
added ggnerg 'M&P@QMgﬁ'a?tg%gm&%t%%&mﬁ gml&hg%ﬂxﬁmme&sa@% than [66] In another

embodiment, the surfactantis an ammonium or phosphonium of the formula RIR2R3R4Q+, wherein Q
is nitrogen orphdshrsTbas@atriphersly it ieatieinbrier 'RENRB, R4 is aryl or alkyl of 8 - 36 carbon
atoms, e.g., -- CioH2i, --C16H33 and --CI8H37, or combinations ;hereof, the remainder of RI, R2, R35
R4 being selected fF8i khé k&réﬁﬁ%ﬁé‘i&?ﬂﬁgj%‘f%@e‘ﬁ;aé‘ﬁ??%f‘ﬂ"ﬁ%ﬁ?b%hoﬁ?oms 15and
combinationsctigseefcixaldapias caiiiir metaytbm mopivtracetyirinetbydphasphtmnium,
octadecyltrimethyl hos%ﬁﬁh?nium cetﬁl[i)gﬁr]i%iniurgé m Erlissétly{l;([_)rtilme%ttp%/Ie moengtggn, such as 4
decyltrimethy S MG, A R R A ARa Gt SRR S ReASRitim. The
compourd fremmwvhick: e abovesaifemohilmmopiploosphdpiemeidd isiderived msay be, for example, the
hydroxide, ha(!lt%ledrﬁ(l)lh%act%n&) Fhonoclinic sulfur, are also suitable for use herein. In one

embodiment, the one or more sulfur compounds are in the form of a sublimed powder

(flowers of sulfur), a molten sulfur, a sulfur vapor, or a combination or mixture

thereof.

36 [048] Optional Binders: In one embodiment, a binder is optionally included
in the process for making the catalyst. Generally, the binder material has less

catalytic activity than the catalyst composition (without the binder material} or no
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20mixtures thereof [67] In one embodiment, the surfactant is an N-containing organic additive
selected from the group of aromatic amines, cyclic aliphatic amines, polycyclic aliphatic amines, and
mixtures thereof. In another embodiment, the N-containing organic additive is selected from
compounds Béhalitgiae least one primary, 25secondary, and or tertiary HiHE28H Giich as
hexamethylenediamine, monoethanolarnine, diethanolamine, triethanolaminc and
N,N-dimethylNigthylethvienedinming. Aming, dcahals: suchiasxiotexampleiZ(2-afmigo ethyl
amino)ethanol, 2(2-aminoethoxy) ethanal, 2-amino-|-butanol, 4-amipo-I -butanol,
2.2-diethoxy SH IR A ARGt LA e B mBS HRSRN Gt SMRAB TS SPSropanediol,
3-amino-1,2-pteghiretoh Samniracktp depollandbading alkoxyiifarfess suehcasyfsr example,
(3-glycidoxypropyhtrimethoxysilane, 3-(2- aminoethylamj ropyltrimethoxysilane and
(3-aminoproﬁflﬁ%ﬁrﬁgiﬁ%x@gﬁ%ﬁgygn i%fﬁ%%ﬁé%ﬁﬁ@%@%%%% C(’asrlr%lq bo #%e)ﬁt, the surfactant is a
sulfur-contaisingbtrgiepim didditv ¢hd rronsambadimertytheasarfadtamdthsetettedifrom the group of
alky! sulfonaigisy ASANONAIGR R AMldS. 0rlDSBISN, L0F AmRadimenh b siabiizer /

surfactant is an organic carboxylic acid surfactant. In one embodiment, the surfactant is citric acid. In
another 5embodiméPihel BeHadeinpiscpalitaticbandiedieidi daethbBieHE S Bfier similar long chain

acids. In yet gnqtherembodimeninthenswiactani:isalgieis, acidndmppleuiiboembediment, the surfactant

is maleic acid. In a sixth embodiment, the surfactant is pyrollodone and / or suifonj¢ acid, selected for
their asphaltéRBL A RAEHR Ao ivarsatbr R bEvT 6le6Er AR SR arAhinRE © gers /

Sacrificial Matgtialsicit0oe emadinantist Rasiabiadditive selectad frenrsoataliseavengers, metal
contaminant removers, rpetal Bas?tiva} ors,.an sacbrificialm a}{gg%lls 's1 ged tteo.the racess, e.g., in the
transformatiol S A ac B Nl S B R RS, SR SN PR SIS R ar TEEB0E S m (of the slurry
catalyst). In disetpaddeimbodinieint, tiee bolditiveomattriabisidibaddedyivamanriouthof less than 2,000
ppm. I a thirghemadiment, (% AHING Bt KANGES IO, 30- 194090 AR ursor7R] n one

a e

embodiment, the optiona itives primarily function as metal contaminant removers and / or metal
passivators ahd obterigat gubivenigeraudolyadbyingthaavgurmetalddrstnerABaviheitdeed. In another
embodiment,;ggme other 20sacrificial materials, besides functioning as a metal scavenger for
absorbing metals, also absorb or trap other materials includin%%%)osited coke. [71] In one

embodiment, the ad8ifle Priteradrbaadas Rrird procadsuirsdhasns sosuringaifuent or carrier

solvent. Exemplaey Galrieh&eIMeniarissideshist arenel. limitedito awnatiaibydigearbon solvents such
as toluene, xylene, and 95crude oil derived aromatic d&stillates.fxemggar_ diiuents include vacuum
|

d
gas oil, dieset FREANTSH BRIBSHIEHY SH R GRS b IR SHHE CHIBSdEAAYRE 4 dditive material

may be dispersaekiniicsmahlioriochok tiedodap dihieedstoitibthertiaddeditoothie, shumyicatalyst.
functionto DR FAPURS Baoat o a B dal ot (s e B N v,
Fe, Na) in thevfiretarsp itfedd Initigatithy Shiocdbthiméntapisifebigrondsesd frrmesilits.on the catalyst and /
or equipment, |nANQRELIBRAAIMEN e adAllive MatsHa! MpRHang Qi mIaRIRE /or
mixtures thereof. In one embodiment, the catalyst comprises a refractory oxide
material which comprises 50 wt. % or more titania, on oxide basis.
25 [051] These binders may be applied as such or after peptization. It is also
possible to apply precursors of these binders that, during the process are converted
into any of the above-described binders. Suitable precursors are, e g., alkali metal
aluminates (to obtain an alumina binder), water glass (to obtain a silica binder), a
mixture of alkali metal aluminates and water glass (to obtain z silica alumina binder),
30 amixture of sources of a di-, fri-, and/or tetravalent metal such as a mixture of water-

soluble salts of magnesium, aluminum and/or silicon (to prepare a cationic clay and/or

anionic clay), chlorohydrol, aluminum sulfate, or mixtures thereof.



adsorb the asphaltenes in the heavy oil feedstock, thus mitigating catalyst deactivation. In one
embodiment, the sacrificial material has large pores, c.g, having a BET surface area of at least 1 m2/g
in one embodiment, at least 10 m2/g in a second embodiment, and at least 25 in2/g in another
embodiment¥fh 3fé{/4¢fdfer embodiment, the additive 5 material is a sacfifididi #atdliatHaving a pore
volume of at least 0.005 cm3/g. In a second embodiment, a pore volume of at least 0.05 cm3/g. In a
third embodiment, ggstal posavehvnanéatieass Suci3igisbd asfobitidembodimens, a pore volume of
atleast0.1c ég In one mbodlment thgr <;§ C|al Bbatgnal h;%\ﬁc, %Qre olume of at least 0.5 cm3/g.
f f} the sacrfical material
comprises a fwgeOrﬁouehrimﬂ@atematsﬂghnWogasplldewqmoﬂ caboinedrkbadimetdyiaranother
embodiment, {16, saclligial Maierial 3 shardirized By hayina At leagiagiaplitspore volume
constituted by pores of at least 100 Angstrom; and 150-600 Angstrom in a second embodiment.
15[074] Exampisensf ddditiveondambiedsortuge inttpappindptlisositey wietapyealengitd include but are

not limited to,siliGale soMpAMNds, SUGhEsMeERIH andiEazIiRdnordanicAidassueh as iron oxide
compounds, e.g., Fc0.Fe203, FeO, Fe304,Fe203, etc. Other examples of addifive materials include

silicate comptemabEEeer dR M0 SmesoM b 2 iyeh MRS LdBtenthkRsis Rasés of calcined
kaolin 20claygptitariatactive gaql@qa /708RoR black, and combinations thereof Examples of metal
passivators include r{?gr% are not I ) al allne eﬁwr: met I co oun = ant|mo filnd bismuth.

[75] In one embodi [ eTTatear 1S H’?&Q AabR e t&af’gé I\?aehger from
sources;suchms@egﬂsﬂané}dbefmmea Eihﬁﬁmkidmﬂs (amdraﬁﬁe@/mnsdﬁdmgm@emomment the
metal scaven . MACroporows, or fun | Io fr n gthe tradenamc
DELOXANE %l%ne%m (?‘Q gﬁ? the i Xgng&éerqﬁpagpr:klog% scawgngﬁ rri\aterlal originates
from a slurrylmmhyﬂst,, Mélfi@mw H@pe&w&maédba%nm iy poweel fisegenis-ode embodiment, the
spent slurry %%t@bfﬁééﬁlmm HPCAWLPILY Q&ﬁggdﬁﬂﬁyéfm Heing akleastdayeaf dre heavy oil

removed using means known in the art, e.g., deoili Ing via membrane filtration, solvent extraction, and

the like. The Sgntis|thegaake 3pfon @sethe sabedimsal materAls B RTifent has a BET

surface greaggug%@g&liﬁﬁgs?ﬁlg for the trapping of coke / metals that would otherwise deposit 18

along the reactor internals. In a second embodiment, theés&&négclurry ga; yst has a BET surface area
r

of at least 10 m2/g. (R4l thirPBrRRa SRRt BRUEL A 8%t than 100 m2/g. [077] In one
em bodiment,uﬂwcaxddfgwmjsvatmadﬁngeyﬂdﬂ@smmgllssmaﬁmwg% biitateriadariginatddrfrom a spent

In another e Bl 85{% & In one'e 0 |me SACH

deoiled slurry, Ca(;[ % reln il glagghmo the me nhggeect))ne N removec {Q one embodiment,
the additive i FOHE Towh OF Gfied” n[}ent <f urry cat Iy%?th ving at east some or nTos% of the metals such

as nickel, modylbdasnh mmgadbatt, 16t AewoVedflomitvespent Catahystdhsadne gmbodiysent, the
sacrificig} majgria), 50,6 flul OR3ld g6sidhe comprigingeake aRd SOME LIQuR LB metal

complex, such as ammonium mctavanadatc, which residue is obtained after most of the metals such
as molybdeniinhamaiieiess pradiespeed %M@Biﬁf@‘ﬁ‘és%rﬂé@éhmg process. In yet another

embodiment, the sagyifigialpatenial da;indhedermiaf-salishkesidus.comprsingenisgrly coke, with very
little vanadium left (in the form of ammonium metavanadate). 15[078] In another embodiment, the

sacrificial matBio4iagola sbia brits Waieh idescuerairs - MHiteHigh Limedtea, various pore size
structure, an(ﬂh&ﬁﬁm{@ﬁﬁyﬁ&és{ sgparaliomirenxheavihmeilsHryspbustias ousterore, the carbon

et el 2o R N0 Samage ghie do e gter plant matril.n e
thi()dmropzomc acid, 3,3'-thiodipropionitrile, 2,3 6—trzmethyi thiophenol, methyl
thioglycolate, 4-methyl-3-thiosemicarbazide, naphthalene-2-thiol, phenyl
isothiocyante, 2-phenyt thiophenol, thicacetamide, thiobenzamide, 2,6-dimethyl
thiophenol, 3,5~-dimethyl thiophenol, 2,2'-dinitrodiphenyl disulfide, 2,5-dithiobiurea,
30 ethyl thioglycolate, 2-methoxy thiophenol, 3-methoxy thiophenol, 2-methyl-5-
mercapto-1,3,4-thiadiazole, amidinothiourea, 2-amimo-5-ethylthio-1,3,4-thiadiazole,

2-amino-3-mercapto-1,3,4-thiadiazole, 3-amino-5-mercapto-1,2,4-triazole, 2-amino



20commercially available material. Examples include but are not limited to porous particulate carbon
solid characterized by a size distribution ranging from 1 to 100 microns and a BET surface area
ranging from 10 to over 2,000 m2 'g. In one embodiment, the carbon material has an average particle
size ranging"#8Af1 858G icrons and a BET surface area from about 90 t-A86#¢ 885 +h2/g in
another 25embodiment, the carbon material has an average particle size ranging from 10 to 30
microns, OptiahalynSereatalyst, méitaiial Tanibepispieateddy Dhdiatrogretechniques as generally
known in the rtfu%lﬂ?@cll\?a[tlﬁr; and / or impregnating first with the slurry catalyst prior to being fed
into the upgré‘ & é%? em-and /' or mixed with the heavy oil feedstock. 30[079] In one embodiment, the
additive material cofdfpfisds antihatethbadboenhabing lanyel dinfa cesalas elipmdipararapea of at least
100 mato. angt BRI SIS IS RENELMAAIAAI Aasiiar. 1o aneqibpizent, he addive

material is a commercially avail ered activated carbon from Norit as DARCO with a D-90 of

40 microhs. Imepatssthenthodifidht; the-cofémdrtiathp Blditassaiebbiliviate?@is ®ARCO INSULTM
with a D-90 of, 23/mickans. i yehRnteempadimeats hie. addiiug Mmatesal Gasprss.carbon black

obtained by the coking of spent slurry catalyst in heavy oil residual from a metal recovery process to

recover / 5sepiHvafd dieterinby iRt drabrg Bdanslky ! sisaian(end axibisdiniedenthe additive

material servgs @ pisrelity el tunstipmisdgeRasitiiappingatynaist &eavergingianehanti-foaming,
deposit trapping./ metal scayengi nd mesophases suppressing, etc., with the yse of a surface
treated sacriﬁB&Pﬁaﬁéﬁﬁ#ﬁ%ﬂ?g‘gﬁ%‘%i?‘fciéir[?f??ﬁé é’&ﬁlﬁfgaﬁ%‘fg}%ﬁi?&iﬁ S%%%[?@%gd (or 10coated)
with at least antaidditivel sy ateiialtsischiassandnhbitobaiid o daivamtieidambegenbylene [81] In one

embodiment, {he Adgifive matarialie shifacemofliied earboniplask I ane emppdiment. the surface
t that provide the anti-foam

treated carbon black contains reactive fuhction’groups on the surface
properties, adthwittytivefedqdisitdyisurfsbmekdhiogitopbresidedstrioetuce ianfapdbanlor immobilize
deposited coke and/ or metals (Ni, V, Fe, Na) in the heavy oil feed. In one embodiment, the additive is
a surface-treated carbon black, with the carbon having been brought into contact with a heavy oll
additive, e.g., a silidddélcdmprausiabediness tiamnyfwividie o n merepoNdimaifh siloxane,
polydipheny! gilexans:pekdirhemddireethid-siexanp 2l inries sitexanesoand mixtures thereof.
[82] Solvent Carrier / Hydrocarbon T(ansfor%i 1g Agent; In one embo 'rlﬂent TTl:Ca water-based catalyst
synthesis mefHBH" FRIAPERE B SAEEHH I %‘é’f’f‘ﬁ*ssé‘mgﬁi/e t3%tratSte? -8 Water-based catalyst
precursor / metal precagisoi{shtehan-aibbaiseshacliveutiatalysit{hytdrappiahia) pevwarotban embodiment, a
hydrocarbon h%_'i;'ycomp(%ung IS ;i)se .(e:};sca S 6I:ventd(iarsrligr Jr?ri @liéiﬁ% vglltoh gh% m&t%l precursors, facilitating
~ the dispersio ofthe %r%% S0 c‘?i‘falaysfL partP(:Slees or apsu%sequenli sultidation s ep. In yet another
embodiment,aadilycredabvonooaropolieckisuseshes todysmgdilds to themplaflyddeegipose a sulfur

containiyg orgaGRLGCUISOT, 1BR3RINGRbIERSL OSRGOSl i an plfpased active catalyst.

In yet another 30embodiment, water or an alcohol solution is used as a solvent carrier for dispersing
inorganic metEEPPEERS0RE 1o S0%fgm) Hsudpliderrmdafhie APt smengriyrsitieher theethBlock element

metals to solygnt.carrier / transfmming agent is less than 1.0. In a second embodiment, the ratio

[059] In another embodiment, the sulfur additive is sclected from the group
of dimethyl sulphide DMS, dimethy! disulphide DMD, diethanol disulfide or 2,2-
25  dithiobis ethano! (DEODS) soluble in water, glycols, and polyglycols. In one
example, the sulfur additive is DEODS mixed in formic acid or a methy! formate
organic solution.

[060] Optionat Surfactant; The use of a surfactant component is optional.

In one embodiment, a surfactant is used. The surfactant can be any suitable surfactant
30 which use favorably improves the bulk catalyst’s characteristics, inciuding its
dispersion, metal surface area, morphology and the like, employed in an amount

ranging from in an amount of 0.001 to 5 wt. %. In a second embodiment, the amount
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is less than 0.5. In a third, less than 0.1. In one embodiment, the weight ratio of the catalyst precursor
(or oll dispersible sulfur containing organic metal precursor) to a hydrocarbon compound for use as a
solvent carrier / transforming agent is in the range of 1:10 to 5:1. In a second embodiment, the weight
ratio is in th&'fAAYe/'HP158 to 1:1. 5In another embodiment, in the range of 424N % 7i1a third
embodiment, from 1:3 to 1:100. In a fourth embodiment, from 1:5 to 1:50. In a fifth embodiment, from
1:7 to 1:20. of s[PB4]ditadngdsdearpnicampendnth ishuseklrit @abodeneralyomdideahyhydrocarbon
compound, a,;yclic or cyclic, saturated or unsaturated, unsubstituted or 10 inertly substituted, and
mixtures theréof, and which hydrocarbon compound is liquid at ordinary temperatures. In one
embodiment, the hydedtafhonconipodimehistbe itenhiromiatiengroagdod tertiightetHain saturated acyclic
hydrocarbons, a5 AGANE G REB SIcARANGBRIREOSARS ACK dFclke: StplahlcRannsaturated
acyclic hydrocarbons as 2-hexene, 1,4-hexadiene; and the like; branched chain saturated acyclic
hydrocarbongaiBhir S ipe btaea et fissraskaneseaursly ibinyidacianecaind the like;
branched chginunsadyiated aeurlichyar geaiRens. sughend Adivapch L& Rexadianed-yne,

5,5-dimethyl-I-hexene, and the like; cyclic hydrocarbons, saturated or unsaturated, such as
cyclohexane®d¥ &y isHiararRendrHd e oS, a0t N BRGE IR LTS AEUS cumene, mesitylcne,
styrene, tolugnesdiofyleneoer shedika:a0[B85ouanefemhndimanicthe transftmaing.agent is selected
from petroleum hiydrocarbons chara teri%e&)%i%ovgr i Uzaqpltha%crac ed.nap thas, Fischer-Tropsch

naphtha, vactﬂau%ogr{nasm&lag\?%&lﬁ?gsh Cht cycle oil, heavy cat %y(?lreeg ,thiffi}ga Ifttﬁacr)iggscontaining from

about 510 aldeuh 3@ tawkiowtatoms, and mixtures thereof In one embodiment, the hydrocarbon

compound is VGO. );Héﬁ t ;"f‘é‘gé@Sﬁeeéﬂﬁa%‘%ﬁ?ﬂ}taéQ%&%UXQB%%?{RRQ SempoHnd s, mefhanol. In one

embodiment, the hydrocarbon compound has a kinetic viscosity ranging from 2 ¢Stto 15 cSt113T. In a
second embatithseredtiiech el tbe ArderBir esiB ERRETOPMIR G- at) BRIl | d 9t efisatciviBe osity of at least

2 cSt at 100, IpR Mg EmbRtimet famhe s 10 BotaiohAl ndn g gRRodiment with the

kinematic viscosity of the transforming agent being below 2 ¢St 30100C or above about 15 cSt Ca),

100 OC, the tHEKERSATRHSH-GT PRRIBSETTEL prétts sorreelits P Chaidehiartiaes agglomerating or
otherwise nokyaisi@versidP&aldoenairnbeding e hir@PivenisGasHED. (R SelertEtvfrorn the group of

alcohol solutions, e.g.,.methanol, ethanol, the li In another embodiment, the 21 solvent carrier
 ator with bRt T e A S TS TS bt 56, i
embodiment, the s¢iuEit Garsierfacsalecieddrareihegtaiprobaldehfides;teitrici@sidnaarboxylic acids,

and ketones. In-one ?mboqi(g%tent the solvent carrier -%%éé?tﬁge'agL)OS?lu?ftar%‘?e{n%P}iiﬁ)@al Components: If

. surfactan cric surtac an\{s NONIONIE SU anis, callonic sur .
desired, matérials ch'Ué%pg fer metals can be adde addition to the components described

above. Theseambteriatsstioiiadé. ahyaratermidinnis the dea-turingrderiveniionlakigdioprocessing
catalystgrepgraf ge{ﬁygﬂpggrlg?{m&%}%@%gmg HERMPQLARS,RGIQE compounds, additional "d"”

block metals, lanthanoid metals R or mixtures thereof. Suitable 10 phosphorus compounds include
ammonium pHBEpRAIY HBSHRdRrba! Shorgaiit prbSSHdts LMt GRiRMSHitaME M ditional metals
that can be addrdd@dhe:-RIa6ess StaRs: INGIe aHen it Reniemary Renitm yhediwmgiridium,
platinum, palladjum, etc. In opne embodiment, the additional metals arc applied in the form of

water-insolulSTE EoHHBEnHRM A BHEtH BnBoHitTeo R SOMUREN mataY 4 ded in the

selected from the group of solvent materials having a high surface tension property

25 such as ethylene carbonate, benzophenone; benzyl cyanide, nitrobenzene, 2-
phenylethanol, 1,3-propanediol, 1,4-butanediol, 1,5-pentanediol, diethyleneglycol,
triethyleneglycol, glycerol, dimethyl sulfoxide (DMSO), N-methyl formamide, N-
methy! pyrrolidone, and mixtures thereof. In yet another embodiment, the surfactant
comprises a surfactant having a high surface tension such as N-methyl pyrrolidone,

30 which surfactant in some embodiments, helps enhance the conversion yield of at least
1%. Other examples of surfactants include acetonitrile, acetone, ethyl acetate,
hexane, diethyl ether, methanol, ethanol, acetyl acetone, diethylcarbonate,
chloroform, methylene chloride, diethyl ketone, and mixtures thereof,

i3



15 form of water soluble compounds. In another embodiment, additional lanthanoid metal compounds
are added in the form of oil soluble compounds, e.g., neodymium carboxylates such as neodymium
neodecanoate, neodymium naphthenate, neodymium octanate, neodymium 2,2-diethylhexanoate,
neodymium Y2 #i{isfiFéptanoate and the corresponding salts of lanthantft 83446 mium.
20[088] Apart from adding these metals during the process, it is also possible to composite the final
catalyst compositiofo#4ih thexaptiabadimaieimaisuliisauigs passinle torflpragagteathattinal catalyst
composition with an impregnation solution comprisin / of these additional materials, [89] In
one embodirﬁ%jlr% %ﬁ%@%‘r%%‘&é%"é% Fr%‘%iog?moema{g ffon Ioaof?)cty?t rza1 %8%%%%?%%&gglﬁ§ephosphorous in
the form of pbosptromtilybdivracichabileg & dtdenyt tramethf Rrord!islotkiske mentl metals ranging from
about 0.08:1,10, 0.8 Lol MEHRAIr Making. A ak L ane. gPdiment, the preparation
method allows systematic varying of the composition and structure of the catalyst by controlling the
relative amounts of {8 keléfristsipdpsat Getehstaids #pomens SO{reEBe ALsYdHENIng surfactant
additives if apy,c{hedengiiioape sevesityRi e uasieys eagionsil hemethodissulis in a fine

dispersion of catalyst particles in the feed, eﬁ, heavy oil or coal, wherein it will do its chemistry under

the appropriatehrEEEESESRaBRSC Vit T ATBAR LR BUI e TiPBREIR 4P B Brie of the metal
precursors issamugitchigaehsitiessuifuieniaining Qrgdnieneampaupehde ¢h tReclglate compound with
sulfur as a coordinati argor]’ull; anig\(_\lliherein tjg.ere is sufficient sulfur for the metal precursors to be
sulfided upor?cégﬁ%gf %ﬁ Ry f/‘%ﬁa Ao B! 18%;., the heavy oil 5feedstock itself or VGO, a separate
sulfiding step with dafffidingagentasioptiorat, Salfidfactam onaecmtaciavith & hydrocarbon compound,
in a hydroprogessing E-Rrior 1o, intr ion hydroprpcessi [ IS.sQmetimes
referred to aﬁ'?r%l%sl}l?%lg%%%ﬁlﬁlgg f%n%}lde%éﬁzgé%ﬁgh}? tﬁ%%fiﬁ%%%%%%@?@% ?c?t Se&tg:armal

decompositiorhefetneiditadispersitie, SulfBs.doritainihgrrktdl Précuis sATIO[ROICaheembodiment,
wherein both@l}‘)ﬁ%e Meta| RrecUreols are i RGHIAMNEG SRS AR (Al therers ﬁgﬁiﬁient sulfur in the
u

metal precursors (or the sulfur is not in'a releasable form) for the precursors to be sulfided upon

contact with BRRIFSCHSPIdTIoRUHRImRER RIS ashEy dipssnicikebee 16 fathoafiesst a sulfided
catalystprecugQhrifigato mpriar torsaniniel with@hyargeanBenisssometimes 15referred to as
"ex-situ sultiding”. . [93] In one.embodiment for a process with ex-situ suffiding, the metal
precursors afé‘ﬁlgf%%ﬂ}?@ap %ﬁqﬁ‘é’gﬂgﬁ %ﬁﬁiﬁfﬁ%{‘%ﬁh%ﬂ?ﬁ%ﬁéﬁfﬁio of the two "d"
element metatsiantingdiorabouiutil decalontdrdietibeinene dudocyinent: inl smsecoinchembodiment,
the ratio ranges from 2 t0 1:20..In a 2Qthird embodiment,. fram 1:5 to 1:30. In.a fourth
embodiment oA T T A Do SO T oo Hetet S The i Eges from about
1 hour to 10 hopisspitoaitamiperatdrevahgingrdor rsempienipeadnesits. TR0 atibcpiesgure ranging
from atmpspheric to. 3000 psig. [94] In one embodiment with one of the metal precursors being a

sulfate, an 25aqueous solution of alkali metal hydroxide is optionally added to the mixing step to
precipitate out the rH&Al foR SupSBRQEMStIffafsR IR YRt BMbeikes tievieadprgeursor mixture

may further cRIBRESE SINBIREIMOLE LNBIRICOMRANEIS: 81HhARRAHINCHEAMIYR components. In one
embodiment, the mixing (reaction) of metal precursors is carried out in an organic solvent with added

water under BERSHARIAG P GaprEsdhreclit e g sme¥brer: BEiRG R diB8arbon mixture of
alkancs and arginatigié@rmpRuBdsted frofobiponeie mbadiingnt et metakpiecursor mixture is kept at

ts naturg) pH durigg the reaction;siep, The RH s e £2085.61,0:12n g embodiment

monocthanolamine, dicthanolamine, triecthanolamine and N,N-dimethyl-N'-
ethylethylenediamine; amino alcohols, such as, for example, 2(2-amino ethyl
amino)ethanol, 2(2-aminoethoxy) ethanol, 2-amino-1-butanol, 4-amino-1-butanol,
2,2-diethoxyethylamine, 4,4-diethoxybutylamine, 6-amino-1-hexanol, 2-amino-1,3-

30 propanediol, 3-amino-1,2-propanediol, 3-amino-1-propanol; and Amino alkoxy-
silanes, such as, for example, (3-glycidoxypropyhtrimethoxysilane, 3-(2-
aminocthylamino) propyltrimethoxysilane and (3-aminopropyltrimethoxy-silane, and
mixtures thereof. In yet another embodiment, the surfactant is a sulfur-containing

i6



between 2-10 in a second embodiment, and 3-8 in a third embodiment. Changing the pH can be done
by adding base or acid 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.
Examples in®@d@1%{%4Hitrites, ammonium 5hydroxide, etc. In one embotfirh@RtHAEBE s controlled
such that the pH at the beginning of the reaction differs from the final pH after precipitation. [96] In -
one embodingegninaftaiamivingn Rrmingaipiesipiiatarthaamaial et Bomnntixigiapsoisolated from the
liquid using mﬁftﬁ O‘E'%k” wn 'in thgtoa[tt_suchdaaifilfratign, centrifugation, decantation, or combinations
thereof. In arfother 108Mbodifien ,I}ﬁgsp?gcurs r Hiktire is optionally treated with a sulfur additive or a
commercially availdblettatalyst presuliiding thgenfyilize] 9 R dactae embogimentawithdiesitu sulfiding,
after mixing, e, catalyah PrEPURSarmAre: IS fulided with A sHfiding 3P8RL,«.0- ammonium sulfide
(NH4)28 for a period of time ranging from 5 minutes to 2 hours. In one embodiment, the 15 catalyst
precursof mixtubedsngradiialiyradded torgnasiageanicilrdaesnesmeimingotiersittitingagent, e.g.,
ammonium syifige, InRAEeOUS SR EXEaSSHE Albretontne MMetR! salls forAgnare favorable

condition for sulfidation. [98] In one embodiment, an aqueous solution of a Group VIB metal
compound, eS§PepBhileSpritfigtsesicl Ay obire SH R SmpRoRI DB buatc, is optionally
brought into geriacimithibe sulidinge.agantinthel suifidatiasigR:as apsamatesiba one embodiment
in addition to the sulfiding agent, at least a sulfur additive and optionally other additives known in the
art, e.g., N-cSHEEHRIHSERA / or P-containing organic additives, phosphorous-containing promoters, etc.,
can be separately doa9h @ptdunel witldithe sulfidinenagent $adrifired dd25ihie:ifc@mporation of sulfur in
the catalyst. In one.em ogi ent, instead of,or,in, addition 1o the addition of,surfactants in other steps,
2t teast & s O B B S B i s carmec
out at a tempsratuess ramighpahomtess antbinp el rmasrroCis addedtio thsigroeanothemembodiment, the
30sulfidationis. Gariedh Ut At d4EMPSRIEAREINDSIEN IPAMILMASIANILS IhAPPR and for *A hr. to

24 hours. In another embodiment, the sulfidation is at 50F to 250F. In yet another embodiment, the

sulfidation is étiaEn &6 heemrnatiiith eMBosivhithelEnmiahs Al BEpEdsIBUS50F. In one

embodiment theqsk fidatiethsaiheyaen b60,3000:Psigli N an5e8RRhembadimeat, between 100 to
1000 psig. In a third embodiment, the sulfidation pressure is less than 500 psig. [0100] In yet another

embodiment THESHIREES PR AN RS temperature ranging from 50F to 300F, from 10 minutes
to 5 days, and undgoa20H2masedabidggas presstiveallhdda: sedfidatiat tempdatuentgddelow the boiling
point of

contaminant removers and / or metal passivators and / or metal scavengers, for
removing heavy metals in the heavy oil feed. In another embodiment, some other

20 sacrificial materials, besides functioning as a metal scavenger for absorbing metals,
also absorb or trap other materials including deposited coke.

[071] In one embodiment, the additive material can be added to the process
as is, or in a suitable diluent or carrier solvent. Exemplary carrier solvents include
but are not limited to aromatic hydrocarbon solvents such as toluene, xylene, and

25 crude oil derived aromatic distillates. Exemplary diluents include vacuum gas oil,
diesel, decant oil, cycle oil, and or light gas oil. In some embodiments, the additive
material may be dispersed in a small portion of the heavy oil feedstock then added to
the slurry catalyst.

[072]. In one embodiment, the additive material is a “sacrificial material” (or

30 “trapping material”) which functions to trap, or for the depostit of, and / or
immobilization of deposited coke and / or metals (N1, V, Fe, Nz) in the heavy oil feed,
mitigating the detrimental effects on these materials on the catalyst and / or

equipment. In another embodiment, the additive material functions to immobilize /
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the sulfiding agent, such as 60-70F in the case of ammonium sulfide solution, the process is generally
carried out at atmospheric pressure. Above the boiling temperature of the sulfiding agent / optional
components, the reaction is generally carried out at an increased pressure, as in an autoclave. The
hydrogen coffaiidd%4¥ 10in the above steps of the process can be sub%?gﬁ?%woﬁwgﬂydrogen, or
can be mixtures of hydrogen with other gases such as nitrogen, helium, methane, ethane, carbon
monoxide orddyctinthensphlfitecs in {2101} fiedmnbodnmenitithe s dfitdyroddsctrttiem aqueous
ammonium sulfide salution at a temperature bet hient a ek resence of at
15least a sulfur addi |\}:)e&J e Ztété%l r(c:)%rr%%hae n&?ocl? Sﬁﬁgﬁﬁgﬁgﬁé’, é':P%d% g%ﬁags??%o@aﬁ%gé, thiocyanates,
thio esters, thioagHahbisst thivSermeasmivdanttioaréas; MarcahialesmslsnirdimMtures thereof

[0102] In ong embadiment with,the, sulfiding ster-heing camisth QUIIN AEHEAUS S Alutian. the resultant

product of the sulfiding step IS a slurry in an aqueous solution, 20 Analyses wjll show that the catalyst
precursor pr@&ﬁ@ﬁ@ﬂ%ﬁé%‘iﬂﬁ@lﬂgﬂﬁ@ﬂ%f@dfﬁ@ﬁ@&ﬂ?‘é&ﬂw,%ﬁﬁ%‘ﬁ’g‘iﬁ%ﬁ%ﬁﬁm%form for use in

hydroprocessingQRerstianent, a pdRLHM: ona: embediment; dherprosagseapdmeaxianded to include
blending metal sulfide powders, e.g., molybdenum sulfide powders, into the catalyst precursor 25to
further enhafE PRISERVEF S ﬂ%é“’&a@@;&g[%ﬁdaﬁﬁwﬁé%ﬁm iR %%‘f“‘o@%ﬁﬁ&?ﬁag, the catalyst
precursor is gationally:i5glatadfiormtioditisuid thsingrifietklods daod was in the aofsuch s filtration,
centrifugation, degantation, or combinations thereat, yryler, e inert atmosphere comprising any of
nitrogen, refme?y gas, a gas having litfie o no oxygen, an mixtures thereof. In the next step, the
catalystiprecursor oWderisoimprelgribtechinitie sheridigifitlingagenorenygscamisrgniperesudfide (NH4)2S
solution, and,/ ar optignal SUIWEpdaitives cined IQHAPLIY ONE SRRAIRERLARER SHlfiding, the catalyst

precursor is subject to an optional ammonia removal stép. Ammonia removal has a favorable effect

upon catalystaetfigigl BederipdsahmieHazl P ubprasstiead M Riiit)Bs XMRfogenation catalyst.

Ammonia remoyakis-89sfisial Joc LAl S ABUIBRCAUS EsAIB0 AR SERhean be adsorbed at
metal sites and may constitute a catalyst poison. In one embodiment, the sulfided water based slurry

from the sulfiﬁﬁ"i{?@féﬁ“% subject to a simple aqueous phase ammonia flashing step by cooling and
depressurizing the sigary StraaipicAotmphiacaabesflobhadeaff tagpihedayikiatmgenerated hydrogen
sulfide and hydrogen present in the system. 10[0106], In one embodiment prigr to or.after the
sulfidation sté %V%lﬁgﬁﬁ‘ig&esg ﬁ(r)enrg?ﬁ;i relgfjpeévs\}l Lt 1OR4°AR -Sggrﬁnt%lra\?ﬁé 0 é"-gggtaining organic
additive. In yEt#i0thenemmbodinent;alsssfactantids addpoutulshe sulfidatio)stépleither before, after,
or during) to KIRSOVe AoReIsig UM s, emRedImeRt I B ding, (hgssulfided catalyst
15precursors are mixed with a ydrocaﬁ)on compound and transtormed into an oil based catalyst of

the formula (RRY; evEn(e eifiste Oy (Mefb Mg thih. racites epapotihsertairr shediteslifiding, the metal
precursggs arg,mixedwith:a ydsesahencampomdihhsHanstsnationstepspdaeeonditions

sufficient for thé metal precursors to theim‘allg cfecompose, forming a sulfided slurry catalyst in oil. In
yet a third 20neFBaRBRRAN e HIRa Sralkiior SHRb mekl AEnAPESHIY Ade sulfide

compounds, thg trangtermation step is optional as the sulfide compounds can be combined and added

directly to the heavy oil feedstock. . .[0108] The hydrocarhon oil for use in the transfoimation step
can be a light oil su@{/% ﬁ&ﬁﬂﬁf&‘&ﬁﬂﬁ% ﬁﬁ%%%{? g%%apﬁseab%’l mgcf)%?rl& it

N .
Odf water), wherein after
metal scavenger from sources such as Degussa, Albermale, Phosphonics, and

25  Polysciences. In one embodiment, the metal scavenger is a macroporous

organofunction polysiloxane from Degussa under the tradename DELOXANE™.
[076] Inone embodiment, the scavenger / trapping / scavenger material

originates from a slurry catalyst, specifically, a spent slurry catalyst in a dry powder
form. In one embodiment, the spent shurry catalyst is from a heavy oil upgrade

30 system having at least 75% of the heavy oil removed using means known in the art,
e.g., deoiling via membrane filtration, solvent extraction, and the like. The spent
shurry catalyst for use as a sacrificial material in one embodiment has a BET surface
arca of at least 1 m”/g for the trapping of coke / metals that would otherwise deposit
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25the transformation step, the light oil can be conveniently vaporized in order to obtain the
concentrated slurry catalyst. The vaporized oil can be recycled for subsequent reuse in the catalyst
transformation step or elsewhere in the hydroprocessing system. Additionally, with the use of a light oil
as a transfoMiiigagérictthere is less agglomeration and the concentrateB(Si(Hfy'e8PaRpst can be
subsequently quickly 30 dispersed into heavy oil feed in a hydroconversion process. In one
embodimentathg; ydrecasbancaibfor useistbedrmmsionmaionsippiskeleciad fomdihe group of
decant oil, digsel, \TOO (vacuy as,gih.light gas oil, MCQ.(medium E%Ele oll), light cycle oil (LCO),
heavy cycle gﬁd—f e R?e?##aggﬁ%tr}gﬁ)% /ghlénr aa%ﬁ#é%%% \Ig%zr]?ttstﬁﬁ a Slfﬁklf}%cé%ﬁ%é%iment, the
hydrocarbongilafer thse 1 fransformation step is a heavy oil feedstock. [0109] In one
embodiment with a rhased sulfide catalyst precursor éﬁéz%x%,%l‘?\éﬁ tin.the transformation
process, the hydrc_ngﬁﬁl_l]t .s#jﬁ%e catalyst p‘réc.ursor15}is tlr“angform dinto lﬂ}:'%cti“vce ‘F\)l/%rophobic sulfide
species i thafrmaletfineadis persio Apenbialldgdiray amsl v sdstemisoaimemothefphgcess conditions
in the transfomafionRieRaresyfiigieniie foumHiaifinal cataalan ersihrtaldeasta portion of the

water is in the Liquid. In one embodiment, "a portion of the water" means that at least 50% of the water

in the mixturéNEHIHHEAREDTH TG AP EONs POT Y BERSHIUMES ™MChBition of the water"

means that legsithasm9a%vhhewatenéidhe-snxiw epigmatatainedsdb edibsdshRiiasee In a third
embodiment, less than 70% of the water in the. mixture is maintaine inaége li uid_(?hase. In a fourth
embodiment,s‘llégz’“l‘fl;il REGeIdp fﬂéh\%,g?’é%gf iﬂf’ﬁﬁ%&eiﬁ"{ﬂ%ﬁ?&&ﬁ& fate. 19116 tHone embodiment,

the transformaiiaicisl catridexOuichi A tempeaiaturecibranding frdrieil88:dé6@Coanthed afferessure of O-

1000 psig. In yet apgther embodiment,.the temperature of the fransformati tep.is maintained at a
temperatire BB B S LR S L e B S SR S, femperatire of
100 - 500F. lisahhigdemivodimesitaththerandfodmztion e mpdfsial crsgiie ssfrothal®om450F. In a fourth
embodiment, fhg franslomation IEMRRIAS RO%aR0SS I aM2A0.0id4a5kH It anedmhadiment, the
pressure of the transformation step is maintained in the range of 0- 1000 psig. In a second
embodiment R BBERRERHYBRIBH0 psig. In a third embodiment, from 300 -450 psig. [0111] In one
embodiment, the regigenag tilein dhe dransiormationsiam maeas FomBohpintenton3 hours. In
another embodiment, the residence time ranges 25from 1 to 2 hrs. In one embodiment, mixing is via a

CSTR with higACLHS i ESIH G SHIGIB Gt RPN PR BYBI S S &V Rt e Yo $53iFaln homogenous
slurry in the reaeistiolifrelRIDatimBy steadiohoFintacdiio thetbetadditianaf surfactants in other
steps, at least a surlfacé%néiﬁ added.to thg: catalyst RI cursoriand hxdrt carbon compqund in this
transformationi %tﬁ‘ées%f‘; [ if]uflﬁ%lﬁgl%m%%%l?n%lnlt, it i desirable to Temove water from the catalyst
slurry after thia transfdrdation, becearbenitmightlinterferewittnthe Ireaetivign bf thevgataly/st. In one
embodigent. fygtonens.agnatdireiinte e LARSTRIMANSN IRALAARR G EH- In another

embodiment, hydrogen is added to a high press
particulate carbon solid characterized by a size distribution ranging from 1 to 100

microns and a BET surface area ranging from 10 to over 2,000 m*'g.  In one
ecmbodiment, the carbon material has an average particle size ranging from 1 to 50
rmicrons and a BET surface area from about 90 to about 1,500 m*’g. Tn another

25  embodiment, the carbon material has an average particle size ranging from 10 to 30
microns, Optionally, the catalyst material can be pretreated by one or more
techniques as generally known in the art such calcination and / or impregnating first
with the slurry catalyst prior to being fed into the upgrade system and / or mixed with
the heavy oil feedstock.

30 [079] Inone embodiment, the additive material comprises activated carbon
having large surface area, ¢.g., a pore area of at least 100 m*/g, and a pore diameter
range between 100 to 400 Angstrom. In one embodiment, the additive material is a
commercially available powdered activated carbon from Norit as DARCO KB-G™
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separator to flash off water and residual H2S in the catalyst slurry. The addition of hydrogen helps
change watcr from liquid to vapor phase, poimining separation from oil slurry in a high pressure
separator. In one embodiment, hydrogen is added at a rate from 300 to about 2000 SCFB. In one
embodiment¥&%aHI68ATE of water Sremaining in the slurry catalyst is lessPthEF SRR E5331n a second
embodiment, less than 5 wt. %. In a third embodiment, between 1 to 3 wt. 'Yo. [0113] In one
embodiment-{rot Shoyaryf thamaiive. datalysh aompositienisitsisposetliy avatonsage tank, wherein the
catalyst slurry is continuously mi intain a ho enquys slurry in a hydrogen atmosphere with
little or no oxg/agr n'tg" Tﬁﬁ%ﬂﬁ%ﬁ%@%&%ﬂVif{,%nﬁgsl%%ﬂﬁggﬁﬁ%‘f%igl} r%yél\r/‘g fom the oil based
catalyst slurrgrclamibecogritieddiit aftentiretrangforesatiorstepcin dmeredibotiomekind be catalyst stream
in one embodipents NSRIRH RIRLLR, ASRIRRRHIZANED. ALK AMMAN/AYARQIEAIAN.J0114] In one
embodiment, instead of combining the metal precursor 15components for subsequent sulfidation, the
metal précursarastnipentsitemessenfidedsepariately in two separate sulfiding steps, then combined
together for the subgggyent fransiormation slerdmia amaildispersible catalysirsHin another

embodiment, one of the metal precursors is first sulfided, then combined with the other (unsulfided)
metal precur§é-fSigid raprRsrhRtis S gL M &R B ElsPoa SiRaE ARt 20 precursor or an
oil dispersibI@&bg{g@Q&m@&gﬁm@ISﬁ@W,wﬁn wulfurasagoardinatingaai@m is combined with a
second (unsulfided) metal precursor and g.hydrocarbon oil compagnent for an in-situ sulfidation,
generating stiR/ EAtAIpEENal [&%W%ﬁ%ﬂb 8i§ﬁ%?@0%ffé??ﬁé§%é%§f8!ﬁﬁ%%ﬁe &5, the slurry
catalystiin oikisifedjrartr eduee drindiiriticlmaize hitbhamullnghio milkingstepr{riabstaown), using
2500mmerci%ll 1,ﬁvailable equipment, for reducing the average catalyst particle size to less than 20
‘microns in on€ embodiment, and less than 10 microns in a second embodiment. [0116] In one
embodiment, the sufiglihglcanctrsnbadrincho thdridliivinraahydtoprodessingdiéaderbvirh the reaction of
the precursoigapd fhe,sulfiding,Adant3Qu8.0. Elemeias ik AsHIacoNaHAg FoMPound) -
occurring in the hydrocarbon feedstock itself In one embodiment, the in-situ sulfiding is carried out in a
mixture of hy&iteardbissadate thebprgddritioAa Hyuroramssicfetyl Wit thearayiigeuum gas oil),
nhaphtha,sMCQfmedisim &y plifoille lighteycls ailfkbObrheanbayelapldie e ealyent donor, or

|

other aromatic solvents, etc., in an amount ranging from 2 to 50 wt. % of the heavy oil feed. In yet
another embBHEMR the Fif:-Stt SLIRARGYY BHrFRSA: S RRITEPOGIRY AR stock, e.g., coal,
in a solvent iguafeaairiaueiactionvracionibied tahdhadvhsituesufidinghirmmnemmbodimeant is carried out
under hydroprocessin § nditions, e.g., at a tempe aturefragﬁg{%gL from 200 to 500C and a pressure
from 3 to 300'Bar fi dhbther &finodimen ,Ct%rggﬂ-gl N Léﬂl?h“llaing I carfied obit r\ﬁn?\?v%’-stages, with the first
stage being aréinetityprdssane, anty dgrhpeiativeaanddhaisbeuyidistate nberimydroprocessing
conditiog&. 19@&&%][451 dsqﬁga%ggb%%%%ggf{ﬁ@ég@ in-situ sulfiding in a hydroprocessmg reactor, an
alcohol solution'is used as a carrier / diluent for the mixing dispersing of the metal precursors prior to
the in-situ sulfidatio?8Alye Faehhbdidres e TsueMagine Seidd dUPBK-situ either in a
separate steRafielimalab PIRCHESHR & e HIRRe SR E;AR AlehalsaluiamoardiieehniRgone step with

the sulfiding agent being 15added directly to the alcohol solution and the metal precursors.
agent is employed to transform a water-based catalyst precursor / metal precursor(s)

O ERe =

alzalalalsfi

to an oil based active catalyst (hydrophobic). In another embodiment, a hydrocarbon
25 compound is used as a solvent carrier for mixing with the metal precursors,
facilitating the dispersion of the precursor catalyst particles for a subsequent
sulfidation step. In yet another embodiment, a hydrocarbon compound is used as the
medium to thermally decompose a sulfur containing organic precursor, releasing at
least some of the sulfur forming an oil based active catalyst. In yet another
30  embodiment, water or an alcohol solution 1s used as a solvent carrier for dispersing
mnorganic metal precursors.
[083] In one embodiment, the weight ratio of the ”d” block element metals to
solvent carrier / transforming agent is less than 1.0. In a second embodiment, the ratio
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[0119] In one embodiment for a coal liquefaction catalyst for the conversion of solid hydrocarbon
feedstock (i.e., carbonaceous materials) with the use of inorganic metal precursors, a carrier solvent is
used as a diluent for the mixing / dispersing of the metal precursors, forming a catalyst precursor. The
carrier solveMG#H B¥EAY of 20alcohol solution, ketones, citric acid, carb8&HEAEIHE5HBEven water. In
the next step, the solvent carrier! catalyst precursor mixture is used to spray / wet / impregnate
carbonaceous pastiees). T hdrimpregraieceatopnapessspaditiasHr ehoptioalyidriediie remove the
solvent carrier. The ca_rbOnacheou§ énat_eri _caqé‘)e any heteroatomcontainin S‘Olédt carbonaceous
material or fe8d: a5 Wellas a 037 fe Wﬁ} rocar0 feeg, e wagl,e%rpé'% rsﬁf ,26al, coke, peat,
shale oil andlyrdevsamhitarceraperiadl, foaviegian slenageparticlersipenohessethanialieut0gs inches. In one
O 15 RSN ALIMAIAOURLS) GRS CIH WEIDGSS. £ dho fling of the

pores of the carbonaceous particle with the catalyst precursor! solvent mixture. n the coal
liquefactibn rbastivhetieeotimeatticldys arpaniieddsitl 4 Bokonéht smbedsuimidadiion dgent, wherein the
catalyst precyssofgg ransiermed-ipaiacatalshal the (o5 Bk embodiment, from 17 ,
(1V1),(1_1b(Sv)d(C),(Fry0Y)g(Nz)h. In one embodiment, the solvent is hydrocarbon compound with a
boiling point 8f greater than 300F. (149C), e.g., VGO, FCC type process oil and the like. The in-situ
sulfiding in one emfgsdiment is;eaytiesheubinpe sRdk Ligdefasiiop-peeassmatactemperature of at least
200C and a pressure in the range of 3@%0-5009 psig for at least 10 minutes. | onwbodiment, the
in-situ sulfidatiShEeEAMi& o L GESY Glith T SrASARERE AP RYSWEP &R Perature (e.g.,
ambientite mperaty kepandiatessinedargs, trdoié b Gildeh thel seednd stagsof d @alidjgidefaction, with
the second siageal, & lemperatiie of.aleast 3300, wl0azH Relerence e madedo Figures 1-9
to further illustrate embodiments of process to make the ca‘fafyst compos?tlon. [Bfnﬁ]&tf igure 1
illustrates thetsmpbeagualyed itragheshbodisheatcfbrqrdisaritotatie catalgishedngesition with a

sulfiding step, wherein atIeashone AL 8 MelAlRTACHISAIS IS ANdILIIADIS BRATDARYAC,ST that the metal

precursors do not contain sufficient sulfur, so a sulfidation step is néeded. 0123] In a reactor
(mixing tank)2tBERmefab pretiensornsubn de Faeneisy shaa stinazd 0ag)Pol HHis@AeHsaqueous
solution,feeq straanmildsnmbedpithanothendainorgaricorrganiadnai@lipracursor (feed stream 2),
forming an intermediate mixture. In one embodiment, the reaction time in the mixing tank 10 ranges
from about 1 HBHRS' THHLERE AT ATSERSHBYE PSATOR FBIST ASonT TEMBRY ature BB, and the
pressure rangesfans-dimasphesieden300Q pridiky ontiehydacdimmet, eueight ratio of the two "d"
element metals |rt\uthgeéwo fﬁed streams ranges fr%rB about 201:dl to about g{:ZOQMln a second

embodiment,” the'Fatis fasﬁlﬁegsf%f;nogl GUt L Wil 1élmt’}‘%irzale'rt%l%ol ithant, from 155 to 1:30.

[0124] As shewh, arwmmvmvaoﬂpsmmimm&tsmﬁdsdlmme_apm@,inrehhékbatch or continuous
mode, thgn transforjes) nio A allayble: catalat s n.allin g, 10k, 30,4 a0 embodiment

as shown, the catalyst slurry is mixed 25 with a heavy oll feedstock and preheated in mixing tank 40. in

another emb&yfnsataistchaEriey izt ategysnanithrispresednaphdims divwthemldadsgh, prior to being
fed to an upgradansy SiRMLA QRINIEKY 8 heaneailkieedil, ndldZat Kigdqied fhaigamiment 10 (or 20)
does not necessarily have to be a mixing tank. Additionally, that the metal precursors M and L do not
necessarily Hepsaining from about 5 to about 3¢ carbon atoms, and mixtures thereof. In one
embodiment, the hydrocarbon compound is VGO. In yet another embodiment, the
25 hydrocarbon compound is methanol. In one embodiment, the hydrocarbon compound
has a kinetic viscosity ranging from 2 ¢St to 15 ¢St @ 10°C. In a second
embodiment, the hydrocarbon oil as a transforming agent has a kinematic viscosity of
at least 2 ¢St at 10°°C. In a third embodiment, from 5 ¢St to & ¢St at 10°C. In one
embodiment with the kinematic viscosity of the transforming agent being below 2 ¢St
30 @ 10%C or above about 15 ¢St @ 10°°C, the transformation of the catalyst precursor
results in catalyst particles agglomerating or otherwise not mixing.
[086] In one embodiment, the solvent carrier is selected from the group of
alcohol solutions, ¢.g., methanol, cthanol, and the like. In another embodiment, the
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30to be in a liquid form. In one embodiment, the metal precursors M and L (in solid or liquid form) are
fed directly into a fluidized bed reactor (instead of a mixing tank as shown) along with a sulfiding agent
for the sulfidation to take place. [0126] Figure 2 illustrates a diagram of a second embodiment to
prepare the B&aRId(46IPosition with a sutfiding step, wherein one of thePBiaiBreeaedrs is first
sulfided separately in reactor 10 prior to being combined with the second metal precursor L in tank 20
for a subsequeRtiiansiernatiasrsiap fnieartddddh Jhe knetahpfaguisoradascht fan be organic or
inorganic metal precyrsors, and any of the process steps can occur in either batch, continuous, or a
combination %P%éﬁﬂ%gsﬁ%‘?%ﬁg%%ﬁ% r%gler%egho 'gfﬁéfr% Saimen %eﬁ%ﬁtec(apg%c%g% wherein the metal
precursors argsylfifed depasatalycincié actdrsct Deandig @md dpavtoselylnkine sulfiethostalyst precursors
can be first C%@‘E’c!ﬂ%%tt%%{-%%@& ﬁglqgfformation step, or 10they can be fed into reactor 30 separately

(not shown) with a hydrocarbon diluent for the transfolination step. Figure 4 illustrates the steps
involved in yet one Bifdoditiher

figling figapirshumpigiishe b edgradation of at least

a metal precyrsors €. »Aaldispainible: S WiLEANAINIRGNIARIE SRMPoYREASHEhAR1Zine
dibenzyldithiocarbamate, iron (111) dimethyldithiocarbamatc, etc. The metal 15%59efcursors are first

combined in HMtkiAg BRREETH G0 AR A RRINEBHCSR FYRREREsT 5t SN the precursors are
combined withgddsacsian othantdeerrpRosemdnic Rasigslllusupeoipennal decomposition. The
excess sulfur generated,in the decomposition. functi as a sulfiding a for the in-situ sulliding of
the metal preacgﬁ%@}in hBlfg Hﬁ?@? oA Y fﬂ-?}?/P%ESW%‘BFﬁﬁg’gﬁ?Sgﬁ %t’fgrd Osubsequent heavy oil
upgradedn hydeepiionsssingseatiarchiic am{ih28h bigsphSdsphnather embipdimannaf the in-situ
sulfiding, wherein the precursors 1 and 2 ar mbjned directly with rhon. diluent 6 in mixing
tank 10. In th?soes%l!boo imen ,O at éaguégﬁé%?gnﬁe%%?gp%g&?gc%?iéagn% eoﬁdgllés{%{egrg%l 9%%%& containing
organic comptpadh@ugs drengldl) dienathy aifkiocarbdediteFeddme platingmbpdllsdiymithio-carbamate

(Zn-DTC), Zi%Fc.diﬁpéﬂpxmﬂgmgﬁH{Eaégfdiﬁ%aﬂiﬁgtﬁﬁaﬁgﬁféﬁmmﬁ st for the sulfidation of the

metal precursors in-situ. The condition of the mixing tank 10 is maintained such that the oil dispersible
sulfur contairiifg Wt PR (&) thetiee rsboRbdbe 2l maell sandde % catalyst slurry

7 of formula 3HQ AU Fig s, HIdllusHAles Ve LARMDRE R R RN AL pigPating the catalyst
composition wherein the sutfidation takes place in-sitwﬁg contactéjirectly with a heavy oil feed 8,

with at least SHEbFIHEMBLA T ACEHFAIRhS EBiP bRy 4B ORI BE &ty SRIEHIE compound with
readily releasatle:sudivs.sizlonen @mpomimesidbaitvekhesteatalpresphsersarasdyblersulfur
containing organic compounds. In.a second embodiment, at leasf on thc metal precursors is a
soluble sulfwg g&ﬁ%ﬁ?ﬁ?ﬁg%%gﬁcgé%ﬁﬁtgﬁﬁ Wit aeekgggés}r%f%%]s% Iei%%‘ﬁ?lljtr??qﬁi Iiloeat%a'%% her embodiment,
both of the métatprequnsbirg asbisrefgetiryrade presabdyifides, wherein 5the metal sulfides combine

and each pon Co-?éﬁi?;%yv EJQ)S%f?o‘?ﬁ\éﬁcﬂﬂg%%‘kﬁ%ﬁg%ﬂﬁgg}@ﬁ?&é&é'h"J‘Eyaf%f SRR 1o

[
(RP)01°),(1-u)b(S' L(FI y)9(Nz)h.” = [0130] Figure 7 illustrates yet another one embodiment
for in-situ sullieimrRpaieie feabedply GLERPPFEI SO e Aptplinatsiewdl préedsor, e.g., iron / zinc

dithiocarbamatesEhe stilidation al e reial IIesHESeRS iRk RIRGEIRCSIHAR (hRition

comprising any of these additional materials.

B Ao O BOJY

[089] In one embodiment to help reduce coking, the additional optional
25 component added is phosphorous in the form of phosphomolybdic acid having an
atomic ratio of P to “d” block element metals ranging from about 0.08:1 to 0.01:1.
[090] Method for Making Catalyst: In one embodiment, the preparation
method allows systematic varying of the composition and structure of the catalyst by
controlling the relative amounts of the elements, the types of the feed components
30 (reagents) including surfactant additives if any, the length and severity of the various
reactions. The method results in a fine dispersion of catalyst particles in the feed,
¢.g., heavy oil or coal, wherein it will do its chemistry under the appropriate process
conditions.
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10hydroprocessing reactor 10, upon contact with a heavy oil feed 8 and a sulfiding agent 4, e.g., a
sulfur containing compound or elemental sulfur. In this embodiment, the heavy oil feed 8 transforms
the precursors into a catalyst for use in the upgrade of the heavy oil into lighter products. [0131] In
Figure 8, a SBRéht Mt 6 is used for the dispersing of a mixture of 15m&TAMUSREEPSHIE 1 and 2
forming a catalyst precursor. In one embodiment, at least one of the metal precursors is an organic
compound. The soly@En{ casrieieienthiglerehodiseiat 45l ez talao botisomitianrthasulfidation of the catalyst
precursor 5 talﬁ% Sté)lac;,gi‘i'n t hydgpprocess{in& reactor 40, rug?on %gln%act with a heayy oil feed 8 and a
sulfiding age?ﬁ SIS Embodimen . Sl y%?TB'Pé’c‘:‘Hrsé’ s Shlfided 3nd 20t e‘glomposes in-situ,
forming a catallfst siurppofifcarmgatom, [RE3A drikidure i9 safhycrocathorfiocompaueid such as an
alcohol solut C%H%S%@Mﬂﬁe%aﬁ'&{ éSEtEI}?iWé?f%‘H?cBBQRﬁ}%k B{E;%F%%ﬂ(é He@Rfuf then the catalyst

precursor is sulfided in tank 40, forming a catalyst slufry 7 of formula

(RPYM),fLuVsidsouh itreoYY§{Noe fepastissetiubng sise Yothsgrddeisetraanyiviifeess in
hydroprocessjng 4 ?Bﬁ%ﬂ&éhﬁﬂ@ﬁ?%ﬁﬂ@ﬁ‘%&%@&%&hﬁ MEBLRIESUSArSR-A0 Qrganic

compound. [013§é1r n any of the above emhodiments as illustrated, the steps described are in no
way limited t8RE ASRTBF ATRPPAMTCIYAFRPRAEPATIS TR TS FAFAR LSS "ArE TRHS 30 Wayimited to the
equipment asghewn 'in thekigwesibapendingen e Siepisthe-appayatusnaan be any of a ebullating
bed reactor, g mixin .tanl:ﬁfr a flgjiéﬁizeq ged riﬁctor. It should ?f noted that the process can be
carried out i SETBPESRR RIS OB SHERCFRE T UL SERETHARS RS tH PSSP RS some of the steps, using a
single-stage reactdp@iimudtiple <sthgeéireactotsriindndihenienisad menirsomecdhdheasieps are done in
batch mode, and:some ot e sieps;teions, 0,1 coptnuays mode, Inong emhaiment, sulfiding is
done in a contindous mode. In one embodiment, the process idCarried out as a batch process with a
single reactor®eingralsash e fhrmstep shepgecfonninges mikiedepsolfiditas! aid forming an oil-soluble
catalyst in the SAMRE EIRMENIRL L SERR RS NG FAV IR QUi iERIYBRGE: 3TRHlg completion of

the previous step. [0134] In another embodiment, the process is a batch process with multiple
reactors in sE€AEY BYSRITNEa S SEH Ml chr ettt Sep s @STRMAEIrd 10embodiment,
the procgss igfRtiNYaySWitkthaipresipitate or catalyst precursor effluents from one step being
moved to the next step in the process, Any of the mixing tanks or reactors can be in the form of
continuously stirred[?zf\%i( rgh?:li.‘(?m@%&%&%%&%%@%@%@%&m% HedBiHg' means having a
mechanical siizensorsastétie iemal bynigaasitkaralieudiingspumapththecimpmpaaents (feed

streams) 15¢ be;(intc uced simultalneousl , Qr seque i_?l in any qrder to the reactor. The term
" ] W cmenf.metals rarr% r%m apout 1: abo h% Jlrhone ..
feed stream™reters to both continuous a chprocessed. € mixing of the

components c.:ahd.demimhe mi@WQMM$timemecﬂﬁm deodong by dl(herlmea_ns including
an in-ling, stafjg, MIXeY (6 QWi @ Piifglity of 'ﬂ%%rfb%%aéﬂl%%ﬁ&%m?fr&l?ﬁn?ﬂﬁ);@}qyﬁ‘f’i‘m'c high-shear

mixer (vessel 20 with .ropell’er for very high turbulent, high shear mixing), or a combination of the
above for turBifeiiABARboPRIGRTION BhHe fenibo alinaat gt Swenrnitihgdsrdediable to prevent the

aqueous slurRyfrom %M@M@WM@%MH&@WWM&MM conditions means

sufficient mixing for a flow with a Reynolds number of at least 2000. In one embodiment, the mixing is
continuous i A SBiNHEL Phede 13 §O0PsH: 100 to 1600 RPM, and from about 10 minutes to 24
hours, forming a hojp@geneaus sievitit:a secand embogisneptuosleptimixirgrmeans sufficient

mixing for a Re nolsdg pumbeigzﬁ&ﬁt Iegtésif E‘g‘goﬁl ?thigcgl e b%gi nt, a Reynolds numbe_r ranging
from 3200 to o0 [b‘l%ﬁnoone of the abov e?%b%aﬁ’m%n S éyrﬁ%ﬁ%céﬁ%ﬂg VHIEr an inert

precipitate out the metal for subsequent sulfidation. In one embodiment, the metal

precursor mixture may further comprise other promoter metal components, e.g.,

cobalt or chromium components. In one embodiment, the mixing (reaction) of metal

precursors 18 carried out in an organic solvent with added water under H,-containing

30 gas pressure, with the organic solvent being a hydrocarbon mixture of alkanes and
aromatic compounds.
[095] Inone embodiment, the metal precursor mixture is kept at its natural
pH during the reaction step. The pH is in the range of 0-12 in one embodiment,
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30atmosphere comprising any of nitrogen, refinery gas, a gas having little or no oxygen, and mixtures
thereof In one embodiment, the mixing is under a H2-containing gas pressure. In another, hydrogen
gas is added at a relatively low rate before and after the reactor in which the hydrocarbon / catalyst
precursor miXiAgaHK¥sBtace. In one embodiment, the H2 flow to the traf&i&fMatIeAEIED is kept at
100 to 2000 SCFB (per hydrocarbon compound feed to the reactor). In a second embodiment, the H2

flow ranges frerv 262 10010QQ L&FBmMBoAithd, embbdimantitheht oy sanges fiapiz00 to 500
SCFB. 5[0137] In argégf thg al:()jove mbodime#qts the metaIIFrecursor‘f§§d streams can be added to
| R X

the reaction Mixtife’m Sofu EPsion 0 g)sﬁ%%ﬁcﬁosrb N R K R B Lo tich, they will
dissolve in thelrehctommastuupcancrspiysagmothaieprdgipitated. imond e rmvedintent, the solution is
heated opti ; f ipitati . ' f. K
embociment TS e B A A i

material Ean hielupidnaly addwg toiresimitiiibe Bihdetoniebeibbedntis tiaypBratidoptional binders
described abgyg and (PhR RIgEUSAHS ek thamiaqHiserPindermatglial is added in the form of the

solution, process condition can be adjusted so that precipitation of the binder may occur. 15[0138] In
one embodiment (nP8holrrnaeretm FHs apEa S doe s Hrassitdesherar®! after, or during the

steps, e.9., spHiging: tiansiernations et iniene s hadimenh {aokebawn ibeskidy gatalyst mixture is
subject to acg\éation radiation to further improve the C,atalt\;ﬁg %ha}rag:teristics In another embodiment,
! SHtdraredy

the mixture id SR S RIS SRS ALY W FHFENRH rc%%%gﬁfc energy to reduce the
20particle sizendoditius, the patalyst alianaetaristicsa[01B34tdheirk aultdiut stidinymixture can go directly
toa hydroproc%eé,ggl%éﬁactqri V‘Q{Q%Ettafgq neectiglgr water {emoval, but the presence of water will take up

unnecessary room in a H%Flof)lrocesa g Peactor: 1% g%célembodlment, the oil based catalyst slurry

mixture is passed ta0Righ brelssm@dparatovi(h@K@h@\mﬁﬁtﬁn@mﬁwelﬁsi)wgtémfﬂ@mlmb slurry catalyst
prior to enter}ﬁ@cﬁrﬁ}f%%{%%sﬁm@d@%ﬁra L‘ﬁl@iﬁﬂ{gﬁ &E‘Q%d,'@ﬁ&%&ﬂ%%@ﬁ%‘?ﬁﬁ%@yﬁ slurry is

pre-conditioned with hydrogen (not shown) prior to entering a hydroprocessing reactor, [0140] Use

of The Cataly8t: amsieaealijsiccongpesiiion sruisefes forusyradilyesrbohedssis fBedstocks which
include aimosphgkC BRSNS HIRHUT gasalls MERPI 30deasphalled-Qils: QlefiRsnpis.derived from tar

sands or bitumen, oils derived from coal, heavy crude oils, synthetic oils from Fischer-Tropsch
processes, aﬁ‘&f&@%@?\?&fﬁoW@H@WBW%@@%“&%GﬁBéﬁ‘i’é‘rgf FHESSLEAYEE D Mposition is useful
for but not linited taibydreganatitrdpg ading (o tessesdtion. as theimal hydrocracking,

hydrotreating, hydr ungr zatio drodenitrification, .and hydr eme\}?ﬂzati_ . In yet another
embodiment, the slig%aca %R/%? %Iélrho gcl)eltl)téaﬁls%cﬁl?g?sp“?%lf}g%%%aa gﬁ%’onacggt% material and / or for
liquefying a carbpoaskeus, materialsucitagscoabr a mfitadi¢seheemivodiment of coal liquefaction, a

B R A A0 000 A A b T o e O o

dry, ash-free basis or impregnation, the catalyst rmed via in-situ sulfidation. In
one embodintelidatenigteites sutleratts isrcentisaradimynnixidli dieme tbalsslfiingsgrthe catalyst

impregnated gqal@ad arsolvant e Slusit 18, IR C:uRe PIRGESS 6l (it ASelyert to coal ratio ranging
from 0.25:1 to 5:1 in one 10embodiment, and 0.5 to 3:1 in a second embodiment.
containing and / or P-containing organic additives, phosphorous-containing
promoters, etc., can be separately or in a mixture with the sulfiding agent to increase
25 the incorporation of sutfur in the catalyst. In one embodiment, instead of or in
addition to the addition of surfactants in other steps, at least a surfactant is added in
the sulfiding step.
[099] In one embodiment, the sulfidation is carried out at a temperature
ranging from room temperature to 70°C, and at 0 psig. In another embodiment, the
30 sulfidation is carried out at a temperature ranging from room temperature to 300°F
and for ¥ hr. to 24 hours. In another embodiment, the sulfidation is at 50°F to 250°F.
in yet another embodiment, the sulfidation is between 50-200°F. In a fourth

embodiment, the sulfidation 1s between 60-150°F. In one embodiment, the
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[0142] The catalyst composition can be used to tr'eat a plurality of feeds under wide-ranging reaction
conditions such as temperatures of from 200 to 500C., hydrogen pressures of from 5 to 300 bar (72 to
4351 psi or 0.5 to 30 MPa), liquid hourly space velocities of from 0.05 to 10and hydrogen treat gas
rates of from5881646!¥670 m3/m3 (200 to 15000 SCF/B).  [0143] I Erbtitiitént, the
process pressure ranges from about 10 MPa (1,450 psi) to about 25 MPa (3,625 psi), about 15 MPa
(2,175 psi) tadbasia0MPe(2:000 psdodessihan22 dRad Inseipsthtobdrarenthentd 4 MPa (2,030
psi). The liqujd houtly space velocity (LHSV) of the feed will generally range from about 0.05 20lIl to
oot 30 It AD O D AE O ST R f R et TOh EARBt S Soabout 15111, o
about 2114 to aboU¥100h1n hetsowibe ribboiments el SV detatieastrSi¢dduatieast 11 1111, at least 15
L111, or at legst 20.if..In anpihes. empadimentethe. LSV rAnges om0 25,0,9.9 hid, In yet another
embodiment,%ﬁ% _Lljlg%/ ral?ﬁgés féom 0.1to L!—I’SV. The (cor]técting%&dﬁe ’prélcg_ss te?‘mperature
ranges ffom BRIt 2B 4a0TEFPOF fidhalsvlitteooTiyrpezyiniphdenibosifestpiesisofhan about 462C
(900F) in angtherembedimantumateshay AloHARR o @At hARee smbadiment. [0144] The

hydroprocessing can be practiced in one or more reaction zones and can be practiced in either
countercurrePHORERY 1 LERR Y SATTRSVP Pha R MBS EOr CatRIEH e ePR WP (HRiiBSs meant a process

wherein the fepgsaar flaws.oruntercseaptRiheiepoathydiegeacaentaipingtigat gas. The
hydroprocessin also includes slurry and ebullated bed l@gdr?ﬁeaﬁgﬁbﬁ)rocesses for the removal of
% SFordt

sulfur and nitfS§&R LEMFBURES BRH RRE Ry SH 8 AABICE BT RO BIULE 45N light fossil
fuels sunh asmptratenmsied «fidiblates;se .cry by dubttesdivity ahedwoit@mployinig: a circulating slurry

catalyst. 0145 Thﬁlf eds for.use Ln h droproge Si g progesses using the &atalyst may include
O 7 t YAl q = 1€ e
petroleum an 'C élr%?cayﬁl Sdstocks S eﬁ%m“ . nﬂuc%a’cr%al 5 ﬁ[yl/%m racke

c .
eedstocks such as olefins, re es, roi:racakafes, raffinates,
hydrotreatedceifsammospiede laddogassuthidgas oils, coker gas oils, atmospheric and vacuum resids,

deasphalted oils, d?(y\f%jaﬂ,% &}ﬂﬂﬁ%ﬁ%%g&%ﬁ:@ﬂﬁgﬁ%%ﬁﬂﬂ&éﬁ gggégﬁ%wl%ﬁjthereof. Specific

B
examples range from the relatively light distillate fractions up to high BQHIng stocks such as whole
crude petroleUffidpsalition aradespyatug iR rosigtaystépahe Beaaharedsusiabal obrightstock,

cycle oils, FGGdariottangs. daRQils MQ@J@@@%@E GasIQNSI &NehMPEUIN BB SRl deasphalted
residua and gther heavy oijls. In on?g_embodiment, the feedstock is. a CHH- feedstock. In another the

feedstock is SBRSEASED QRN P00l dRI AT e BRE IR HUREES {BIFGAREC lubricating oil stocks
boiling above|23t%, heatibguatksiaydyOtreated oil stock, furfural-extracted lubricating oil stock and

15other distillate fragti whose pout point and,viscasity properties need to t{e maintained within
certain specification e oS ER e HhS e oG S L S S antial amount
of nitrogen, esglnatietstittuitgmp maitogdnhintHel fogriapfisrganignitrogevocompdunds. The feeds can

also hayg a signiicant s CANtent JANIGIOMANOE QAo PR AP A6, o higher. In yet
another embodiment, the feedstock is a tfeed derived from

catalytically active, although not in optimum form for use in hydroprocessing

operations.

[0103] In one embodiment, the process can be extended to include blending
metal sulfide powders, ¢.g., molybdenum sulfide powders, into the catalyst precursor

25 to further enhance the activity of the catalyst.

[0104] In one embodiment before sulfiding, the catalyst precursor is
optionally isolated from the hiquid using methods known in the art such as filtration,
centrifugation, decantation, or combinations thereof, under an inert atmosphere
comprising any of nitrogen, refinery gas, a gas having little or no oxygen, and

30 mixtures thereof. In the next step, the catalyst precursor powder is impregnated vﬁth

the sulfiding agent, ¢.g., ammonium sulfide (NH);S solution, and / or optional sulfur

additives,
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crude oils, shale oils and tar sands as well as synthetic feeds such as those derived from the
Fischer-Tropsch process, having initial boiling points of greater than 315C or higher. Specific
examples include reduced crudes, hydrocrackates, raffinates, hydrotreated oils, atmospheric gas oils,
vacuum gas ¥is2iddier’ghs oils, atmospheric 25 and vacuum resids, deadsHaHE Gl 7Stack waxes
and Fischer-Tropsch wax, and mixtures thereof In one embodiment, the feedstock is a mixture of gas

oil from a coker and yeg umodistHRibamfsameanvendianaherudessdadveddremuiziiiation towers
(atmospheric and vacuf;é%r;%‘,k hydrocrackers, hydrotreaters an% rﬁolve t extractign units, and may have
0

wax contents B BB T 5 TR S BT T an oG B BEAM S IRECHRRS Sthek 1€ %klected from
mid-distillatesdfrapstfagsiifublsasuchrasdght catddyticeycle diaskiiviois { HEGkdissitlates derived
from petroleu al, Ritumen, tar sands, or shale. oil; heayy catalytic cracking cycle .oils (HCCO),
coker gas o1 B R A ISR ) anctneavier
36 resids, Whr@ﬁﬁebm_aibﬁgémmdpéﬁ@ghﬁ Sﬁeasingiammﬁﬂgaﬁiwm lmigenalépmne.nic molecules.
[0147] The hydiotieating REQERRIEPHRINGING SAlAY A mayhesuitable.fos making upricating oil

basestocks meeting Group Il or Group IlI base oil 5 requirements. [n one embodiment, the catalyst is
for use in a h§EPIFrEBESENY BIORBEOBIb et WhRd bR NYBRBIHREratBHane AN Bl Wiite oils, are

colorless, tragspanenh @iloliguids btained by e nefining of cride-pelrplersdessdsiacks. [0148]

The catalyst can be applied in any reactor type. In another embodiment, two or more reactors

containing th&"AEARRTH ATB S T85#%s or 10running in parallel.  [008] In one embodiment,
the catalyst is adde{btaéhenfeesdsicaki(eatalysbiacod reto e aladetRhCep, b cmikidsastive "d" block

clement metals CM+and "L" in the fm Huila (RP),(M1),(L,")b(Su) (Cw),(1-11)/(Q2)g(Nz)h. In a second

embodiment,ogtﬁgnraalt % ﬂffggv ftélfté\'ﬁ‘.l%% ?r\qac?ﬁ??cgln tlenl%blg |Prg§3‘r%g‘,la% 3)( flécogf&%g%oz%b’b% ppm. In a

15fourth emboditnemiytedivaslyssisizadade dstadthd fedistotidatiensuffidieticratefdor, tHettotal amount of

Mand L in thg.r 9N Z reaghes 0.005 to 0.05 wt.% (based on the total_ weight of the
QR o

feedstocic). In a fifth'embodiment, the concentration is at least 1200 ppm. [0149] Characterization of
the Catalyst: CharatiéPziatiopnerineoeanaiist oh 26-tHe forhding. (RPIuINASY. caSv)d(C),(HK)/(0Y)g(Nzik
having i'f@DVOP&%&@{PQ&'%Xe%ﬂgi@li5%%%9@%%6%&%@&&%@%%%@@&%Jﬂ%i?&:h“iqueS known

in the art, including elemental anal psis, surface Areg anal si§, (BET), Particle Size analysis (PSA),
Powder X.ray S CHaHE (PR L sl EIS i M SEL ) SEMY. BRERBHEBrsve X.ray

Analysis (ED&yhandsoiharmetheesmaonemeaihed:2hetegtsam misrgscembiscusgdiadcomplement the
x-ray diffraction stl%ﬁd% l}.n an?the‘r method, the surfacef rea%l th cat-al};st is determined using the BET
method. In ya? SotHEY RIBHOE LRl TORTARY Tt Bﬁ/‘%ﬁﬁsa R§ @&iEhRy functional theory
(DFT) can behssed!tp dtrarapteciferthegatalifsde & uneritahbnaiysis. of thetcathiyst will show presence

of Molybgenum, kel S, a8 el A Onvasn. Carhan. 30 uiagen, and fgogen. | (0150 In

one embodiment, the catalyst has a pore volume o -5m sdetermined by nitrogen adsorption.
In a second eXiBpeliRfsnththsapsiaalioneds §.oamugs thessthird emmipdineserfiom 0.1-3 ml/g. In a

fourth embodimenthiam At Wbty o [BLHELR BNe-eMmPePIMent, the catalyst has a surface area of

at least 5 m2/g. In a second embodiment, a surface area of at least 10m2/g. In a third embodiment, a

5surface area of at I8488 B BYErarr s kb e HtHe SR LB SRR FebEsF Pan 100 m2/g
as determineg v th s [viaeinadlise aofifthsrobadimanhaBsint of water), wherein after

25 the transformation step, the light oil can be conveniently vaporized in order to obtain
the concentrated slurry catalyst. The vaporized oil can be recycled for subsequent
reuse in the catalyst transformation step or elsewhere in the hydroprocessing system.
Additionally, with the use of a light oil as a transforming agent, there is less
agglomeration and the concentrated siurry catalyst can be subsequently quickly

30 dispersed into heavy oil feed n a hydroconversion process.  In one embodiment, the
hydrocarbon oil for use in the transformation step is selected from the group of decant
oil, diesel, VGO (vacuum gas oil), light gas oil, MCO (medium cycle oil), light cycle
oil (LCO), heavy cycle oil (HCO), solvent donor, and other aromatic solvents. Ina
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catalyst has a surface area of greater than 200 m2/g. In a sixth embodiment, the catalyst is
characterized by aggregates of crystallites of 10 to 20 angstrom, for an overall surface area greater
than 100 m2/g. 10[0152] In one embodiment, the catalyst has an effective suspended median particle
size of 0.0085%81 888 ¥icrons. In a second embodiment, the catalyst ha8d et particle size of
0.001 to 500 microns. In a third embodiment, a particle size of 0.005 to 100 microns. In a fourth
embodimentilarpartisidisizet och 16 tec B amiciiofos uke a fifthtemifediment stiyeicatadysy nlthe form of a
dispersed suts(_tpgsq(s)é%n is 15characterized by a median particle size of 30 rim to 6000 nm. In a sixth
embodiment, he ca alyst has an average patrticle size in the range of 0.3 to 20 pm. [0153] In one
embodiment, the sllftt)diatyst drawdmanverdteapertictbasxbspdidsing tlsh Eoioigial (Hanometer size) to
about 1-2 m'séﬂ@éed%@Pﬁtﬁ%ﬁmg%mmgm&gg}%ﬁymﬂé%ﬁlﬁaéaéxaﬁm?@é&ﬁgrandlor

extremely small 20 particles that are colloidal in size (i.e., less than 100 nm, less than about 10 nm,
less thart abdUtrSeToEadd e R aBplionhokiy, SWHidn SPealey irBelsBrediient, forming a slurry:

catalyst havipgpglysiess seithgseligidal pagiclembaiinthe aiiRiehavndamauerage particle size in
the range of 1 -2Q microns with a surface area of}%;éeater th‘gg 100 m2/g. In ye} another embodiment,

the catalyst CEHPELIERLYRRGHE L OBEH SR PP HER A BIaAD HMETS 4585 8% 2 5-10 nm on edge.
[0154] In ong:embioeimtentathe sShiery Gatadyskisahardacitinzed by metystllite sizeidh the range of 10 to
20 angstrom with a surface area, of greater than 100 m2/g. In another embodiment, the catalyst is
characterized’ B?‘/naatrkhaégfé%%??é@tﬁ’r%f%begvrvéiéeétlél\?lvll?hmel%rléer%se y H% mggﬁriafle% uﬁg}% E\llsc?l'u%nes providing
access t6 the haawy cihBoiinoles itepoitiche Chtalyster” md@i85i ke sribarlbbdinibntyae catalyst of the

formu'a (RPHMEWBRRYEGIMERINARDRR Apdschatetaiasd Kiaigy powdsy difraction: (LRD
or PXRD) as a poorly crystalline compound having diffusion peaks of low 38 intensity. In one
embodiment/#ite ebftystter meeoniiie (R izl iosis i pipey ok iydwth is characterized via
X-ray powdegdifffaction (EXRM ﬁﬁ/@o@%}&&%&é}ﬂmﬁﬁﬁ&ﬁﬁ%&L@H&@iﬂﬁl@lﬂ@ff%ﬂ0“ peaks of low

intensity. In one embodiment, the catalyst is characterized as having at least three diffraction Speaks
located at 2-0 anglé8'dP§ s sRRROBHithe B RERIArECRIIEAsIA (HI2IE LB &hFfen measured on
a Siemeps-DaQRigliffrastuteternuingd L4k ésbutCor Klalpma]sd). emigsianogayelength, 1 divergence
slit, and scan rate of 1"/min in 0.02" increments. In anather embodiment, the catalyst has three
Cliffraction peRRLIUEATEL it BTN AHGIEG (5. B B oS 0 Ho TS5 40 RIS {5 BOPGREMID to 70" 2-0
scale). [0458] Figire . 10: sheves drenXetiy diffnhetionpattera ioharmenmisddirent of a Fe-Zn catalyst
synthesized from organic.metal ursors,. e.g.. oil-soluble dithioc cs.5alts, With strong signals
at approximefteeql)}) L r,e4 g@md%?% di%?é%%%%%% 2%%%&)?%6%?%1%%%%@@5 Sf)u\fvéder X-ray
diffraction pattegssofremnalcatslyEt diter favmbernbodsnsniptstitadisat SI0esPEFREcCcatalyst of the

formula 4RP);(MA) (INSESAEI RPN i Fhareeterzadas diving-xasliaat sonversion rates in
e

the upgrades of heavy oil depending on the confi&gration of the upgrade process and the
concentratiod'ef the'eataipet insta e Bmboatneis, the saeRd CRERKEDSAVIHES conversion rates of

at least 70% mt%@nmo@m%{g,atﬂegg{g@%l%@;@@@@m,@rmm')dimsgrf,tsig_t least 80% in a 20 third
embodiment, and at least 90% in a fourth embodir ent. In one mbodi%‘uent of a heavy oil upgrade

system employing tHY tatdR & othetoRmind S BRI RES REG2 G0 fFat least 98 wt. % of
heavy oil feetchigaoftverEohimlighterjgioasycts: inahseenibd@mbodimestdabieastOBibgds of heavy oil

feed is %g_)nvefrted Io [ @]t%r %O%Jcts In.a third e.mbodlmentclgf %ntyle?r}& nrate is at 25 least 99%. In

a fourth®mbodimen , hé‘ conver%%f?lealén %n%tt?é)gggé%&)g ?n a Tifth ém § imént, the gonversion rate is
at least 80% gistusetHPdI BonvisrsionRatdiiefdrs) to thewemiersiezeofsedwyoih féedstock to less

than 1000 F (338G b@i 109 BeiRhmaleralk. [0 128l aMERRSiEhadeliavind iivstiatye examples are
intended to be 30non-limiting. Unless specified otherwise, the catalytic activity of the catalysts
other steps, at least a surfactant is added to the catalyst precursor and hydrocarbon

compound in this transformation phase.

30 [0112] In one embodiment, it is desirable to remove water from the catalyst
slurry after the transformation because it might interfere with the reactivity of the
catalyst, In one embodiment, hydrogen is added directly to the transformation step
(to the mixing tank). In another embodiment, hydrogen is added to a high pressure
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prepared in the examples are tested for Hydrodenitrogenation (HDN), Hydrodesulfurization (HDS), as
well as API gravity change and Microcrystalline Carbon Residue (MCRT). [0159] The feedstock
for use in the Examples is a mix of 60 wt.% heavy oil (vacuum resid or VR) and 40 wt. % cycle oil
diluent, with Y@ 3Yd{esliEs as indicated in Table 1. Table 1 Property60/4FVRYESA&GAEYcle oil diluent
Refractive Index @20C1.63251.6405 API gravity, 60F/60F1.52.9 MCR, wt. %19.124.30 1000+F, wt. %

(SimDist)46.66p3:800k MsioffSIMEist)oR 1205503 e WitaWest SinaBistR8 ddbt@MNifrogen, wit.
ppm55001600 Sulfur, wt. %,.3.561.01 H/C molar ratio1.2801.041 5. . [0160] Comparative Ni-Mo Bulk
Catalyst ExalfTE oA B R TS0 A AL e B 0 RS BP Rt deionizedt (O
water and 156iﬁxjumyammghmremchf@_@dmmluﬁmpé%ﬂbddimmemyamgemich@d\{wstirred and the
reactor was heRUBGIPR s AtonAl Chaor R i Al AL TR Al dpickel sulfate

hexahydrate in 667 g of ammonium hy rpxide (28% in'water) was added. The mixture was stirred for
four hours totdisssive anipsolidy saedlsitisAeshiBagne theredotioteenixtarebodisientideisblue solution. An

aqueous ammapitin, silfige sglutian (44-9%) Was.added,af ap addition speed of -91g.min-1. A total of

9061g of ammonium sulfide solution was added over 100 minutes. The water-based catalyst

15precursor was traf$fointeans THRWIHITASEObFAIh IS POBYESHEG R SOERAEEEN ffecursor and 3000

g of vacuum gagspir{MGE) ivad-aallon Ruiociave angheatingieHRtupgenide@psi of nitrogen.
Hydrogen was then added at 32 SCF / h. The reduction wahs carrj%qé,%tjt until no H2S was detected in

the exit gas STHERHIMFHISTHRSEME A SAySTRaR o REPEERITE HERA QEIVETHI. the solids were
separated byr20ceniriéugationainttiestedabithva B0nwihievacisal fiesididelidbasdhe heavy oil feed.

0161) Examples 2, 4,10 these examples, Jrse,alcsoluble, syt ot ronang s catalyst
precursors were employed: wonﬁﬁT)n%?%le%éyfng%hlocar amate ()i—t]eg © ©
The catalyst stream in one embodiment is heated prior to depressurization and
ammonia vaporization.
101147 In one embodiment, instead of combining the metal precursor
15 components for subsequent sulfidation, the metal precursor components are sulfided
separately in two separate sulfiding steps, then combined fogether for the subsequent
transformation step into an oil dispersible catalyst slurry. In another embodiment,
one of the metal precursors is first suifided, then combined with the other (unsulfided)
metal precursor for the transformation step. In a thard embodiment, a sulfided metal
20 precursor or an oil dispersible chelated organic metal precursor with sulfur as a
coordinating atom is combined with a second (unsulfided) metal precursor and a
hydrocarbon oil component for an in-situ sulfidation, generating slurry catalyst.
[0115] In one embodiment after the transformation step, the slurry catalyst in
oil 1s further reduced in particle size with a mulling or milling step (not shown), using
25 commercially available equipment, for redﬁcing the average catalyst particle size to
less than 20 microns in one embodiment, and tess than 10 microns in a second
embodiment.
[0116] In one embodiment, the sulfiding can be carried out in-situ in a
hydroprocessing reactor with the reaction of the precursors and the sulfiding agent
36 {e.g., elemental sulfur or a sulfur-containing compound) occurring in the hydrocarbon
feedstock itself. In one embodiment, the in-situ sulfiding 1s carried out in a mixture of
hydrocarbon feedstock and additional hydrocarbon feed, e.g., VGO (vacuum gas oil),
naphtha, MCO {medium cycle oil}, light cycle oil (LCO), heavy cycle oil (HCO),
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DTC), zinc diethyldithio-carbamate (Zn-DTC), and zinc diispropyldithiophosphate (Zn-DTP). Example 3
Is a mixed Fe/ Zn catalyst, wherein 1:1 weight ratio of Fe:Zn was used with a mixture of iron(lll)
dimethyldithiocarbamate and zinc diethyldithiocarbamate. 5[0162] The catalysts were formed in-situ in
the amount &fQ 2PWP6068n metal basis of VR feed (60/40 mixture of VR tBAyERRW@ 1\ {Hérein 130 g
sample of the VR feed was mixed with the metal precursors, forming sulfided catalysts in-situ. The VR

samples inclysing.casalysts vireeacdect ol dnbpted, reaatcmutmnaﬂgmgsrpﬁessurjmdtwith 1600 psig
hydrogen (at atedt f%“[? in 2.5 ho rs an s aked % that L%rign(gerature for 2 hours, then
ec

O
rapidly cooled; %)té“"p%%’c?é é@l %t R Vods mmfbl % rLf(]:]wd pro §c§scwgre separated via
filtration, andwnadty}zed;dbd teftastivenintestsatcROCg A@hgmtwtﬁaﬁfﬁm@oah]mfwtbmn residue (MCR),
boiling curve Sdl lated distillation, SimDist), nitrogen, and sulfur. From the results shown in Table , it
can be seen t at the mixed Fe-Zn catalyst had the highest catalytic 15 activity as judged by mcreased
API gravity and redlfBtigns tre ey s ¢1a00-omy, asbpdimestis RETrsganErdSulfur content. Table 2

E%%% fiagﬁgr;tg,&@o%fn%mm Res DG EXRRRE4-RSiAy RAE Refastyeindex @20C 1.6325
pressure from 3 to 300 bar. In another embodiment, the in-situ sulfiding is carried out

in two-stages, with the first stage being at ambient pressure and temperature, and the
second stage under hydroprocessing conditions.
10 [0118] In one embodiment before the in-situ sulfiding in a hydroprocessing
reactor, an alcohol solution is used as a carrier / diluent for the mixing / dispersing of
the metal precursors prior to the in-situ sulfidation. In yet another embodiment, the
sulfiding is carried out ex-situ either in a separate step after metal precursors arc
dispersed in an alcohol solution, or directly in one step with the sulfiding agent being
15 added directly to the alcohol solution and the metal precursors.

{0119] In one embodiment for a coal liquefaction catalyst for the conversion
of solid hydrocarbon feedstock (i.e., carbonaceous materials) with the use of inorganic
metal precursors, a carrier solvent is used as a diluent for the mixing / dispersing of
the metal precursors, forming a catalyst precursor. The carrier solvent can be any of

26 alcohol solution, ketones, citric acid, carboxylic acids, or even water. In the next step,
the solvent carrier / catalyst precursor mixture is used to spray / wet / impregnate
carbonaceous particles. The impregnated carbonaceous particles are optionally dried
to remove the solvent carrier. The carbonaceous material can be any heteroatom-
containing solid carbonaceous material or feed, as well as any heavy hydrocarbon

25 feed, such as, for example, coal, coke, peat, shale oil and/or a similar material, having
an average particle size of less than about 0.5 inches. In one embodiment, the term
“impregnation” (or impregnate) means incipient wetness, e.g., the filling of the pores
of the carbonaceous particle with the catalyst precursor / solvent mixture.

[0120] In the coal liquefaction reaction, the coal particles are mixed with a

30 solvent and a sulfidation agent, wherein the catalyst precursor is transformed into a
catalyst of the formula (RP)i{MAL)(SNACHLHHOMLN?). ~ In one embodiment,
the solvent 1s hydrocarbon compound with a boiling point of greater than 300°F.
(149°C}, e.g., VGO, FCC type process oil and the like. The in-situ sulfiding in one
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1.5708 API gravity, 60F/60F 1.5 9.2 10.9 13.5 MCR, wt. % 19.12 10.54 9.84 7.58 1000+F, wt. %
(SimDist) 46.6 6.6 6.8 5.2 800+F, wt. % (SimDist) 60.1 19.3 19.7 17.4 650+F, wt. % (SimDist) 78.1

43.8 43.8
WO 2011/666150 PCT/US2010/057631

embodiment is carried out in a coal liquefaction process at a temperature of at least
200°C and a pressure in the range of 300-3000 psig for at least 10 minutes. In one
embodiment, the in-situ sulfidation is carried out in two stages, with the first stage
being at a lower temperature (e.g., ambient temperature) and pressure (e.g., ambient)

5  than the second stage of coal liquefaction, with the second stage at a temperature of at
least 350°C. -

[0121] Reference will be made to Figures 1-9 to further illustrate
embodiments of process to make the catalyst composition.

[0122] Figure 1 illustrates the steps involved in an embodiment for preparing

10 the catalyst composition with a sulfiding step, wherein at least one of the metal
precursors 1s an inorganic compound or that the metal precursors do not contain
sufficient sulfur, so a sulfidation step is needed.

[0123] In a reactor (mixing tank) 10, an metal precursor such as Fe(INOs) s,
FeS04, Zn(NOz), or ZnSOy4 in aqueous soiution (feed stream 1) is mixed with another

15 inorganic or organic metal precursor (feed stream 2), forming an intermediate
mixture. In one embodiment, the reaction time in the mixing tank 10 ranges from
about 1 hour to 10 hours, the temperature ranges from room temperature to 100°C,
and the pressure ranges from atmospheric to 3000 psig.  In one embodiment, the
weight ratio of the two “d” element metals in the two feed streams ranges from about

20 1:1to about 1:200. In asecond embodiment, the ratio ranges from about 1:2 to 1:20.
In a third embodiment, from 1:5 to 1:30.

[0124] As shown, the metal precursor mixture is sulfided in reactor 20 in
cither batch or continuous mode, then transformed into an oil-soluble catalyst slurry
in oil in mixing tank 30. In one embodiment as shown, the catalyst slurry is mixed

25 with a heavy oil feedstock and preheated in mixing tank 40. 1In another embodiment
(not shown), the catalyst slurry is pre-conditioned with hydrogen, prior to being fed to
an upgrade system along with the heavy oil feed.

[0125] 1t is noted that equipment 10 (or 20) does not necessarily have to be a
mixing tank. Additionally, that the metal precursors M and L do not necessarily have

30 tobein aliquid form. In one embodiment, the metal precursors M and L (in solid or
liquid form) are fed directly into a fluidized bed reactor (instead of a mixing tank as

shown} along with a sulfiding agent for the sulfidation to take place.



41.1 Nitrogen, wt. ppm 5500 4200 4244 3803 Sulfur, wt. % 3.56 1.55 1.20 0.96 Ramp/soak time, h n/a
2.5/2 2.5/2 2.5/2 Soak temperature, F n/a 825 825 825 [0164] The Fe:Zn catalyst of Example

4 was compared with a Mo-Ni catalyst 200f the prior art (Comparable Example 1). In this experiment, 3
different sarfiffle¥1/8¢€!#sted, 170 g of the 60/40 VR/cycic oil feedstock F&REFBYMEEWithout any 41

[0126] Figure 2 illustrates a diagram of a sccond embodiment fo prepare the
catalyst composition with a sulfiding step, wherein one of the metal precursors is first
sulfided separately in reactor 10 prior to being combined with the second metal
precursor L in tank 20 for a subsequent transformation step (in reactor 30). The

5 metal precursors M and L can be organic or inorganic metal precursors, and any of the
process steps can occur in either batch, continuous, or a combination of both.

[0127] Figure 3 illustrates another embodiment of the process, wherein the
metal precursors are sulfided separately in reactors 10 and 20 respectively. The
sulfided catalyst precursors can be first combined before the transformation step, or

10 they can be fed into reactor 30 separately (not shown) with a hydrocarbon diluent for
the transformation step.  Figure 4 illustrates the steps involved in yet one
embodiment, wherein the sulfiding is in-situ with the thermal degradation of at Icast a
metal precursor, e.g., an oil dispersible sulfur containing organic compound such as
zine dibenzyldithiocarbamate, iron (1Il) dimethyldithiocarbamate, etc.  The metal

15 precursors are first combined in mixing tank 10 prior to the m-situ sulfidation step in
reactor 30, wherein the precursors are combined with a hydrocarbon oil and
decomposed, releasing sulfur upon thermal decomposition. The excess sulfur
generated in the decomposition functions as a sulfiding agent for the in-situ sulfiding
of the metal precursors in the mixture, forming a slurry catalyst composition 7 for

20 subsequent heavy oil upgrade in hydroprocessing reactor 40.

[0128] Figure 5 is another embodiment of the in-gitu sulfiding, wherein the
precursors | and 2 are combined directly with a hydrocarbon diluent 6 in mixing tank
10. In this embodiment, at least one of metal precursors 1s an oil dispersible sulfur
containing organic compound, e.g., iron(1IT) dimethyldithiocarbamate (Fe-DTC), zinc

25 diethyldithio-carbamate (Zn-DTC), zinc diispropyldithiophosphate, etc. with readily
releasable sulfur for the sulfidation of the metal precursors in-situ. The condition of
the mixing tank 10 is maintained such that the oil dispersible sulfur containing metal
precursor(s) thermally decompose, forming metal sulfides, for a catalyst slurry 7 of
formula (RM(M)ALM(S ) CILHIO")oNs.

30 [0129] Figure 6 illustrates yet another one embodiment for preparing the
catalyst composition wherein the sulfidation takes place in-situ upon contact directly
with a heavy oil feed &, with at least one of the metal precursors is an oil dispersible
sulfur containing organic compound with readily releasable sulfur. Inone
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WO 2011/066150PCT/US2010/057031 catalyst (Blank), a mixture of VR and the Mo/Ni comparative
catalyst in Example 1, and a mixture of VR and the Fe:Zn catalyst of Example 4. The samples were
added to 1 L batch reactor, wherein the reactor was pressurized with 1350 psig hydrogen (at 180F),
heated to 808P #411/8H4trs and soaked at that temperature for 2 hours, FfeH By 80led, and
products collected and analyzed. Reaction slurry was centrifuged and filtered to separate the wet

solids ("solidgrifbarRehie! SO 't Eh@tgqi@a@x@lﬁ); mgmﬁh@@weomaﬁh@g%&hi@luene and dried to
determine the amou 8; of toluene- insoluble materia {defln%ﬂg oluene- msolubles‘t% coke in the

data table). LiguiepP au{ﬂf\g\%f’é%?% ARls f‘é HORS BE KB Yif P8 s 0F), micro- 10
carbon residuel{iviGR)ziaing stfinic Tharesults aliesiowmg! ums'ﬁhteleui&“andrcpmpm&dwlth the properties

of the startln / 0 VI% fk?%g g ble 3§1 80/40 Feed deam e '%?elg EG Example | Mo-Ni Blank
Reltacive ISR G S0e 1 6352 BREAT S 7811 RORIORB] Decit GORIRDE -
5 the metal sul.ﬁdes combine and react upon contact w1th the heavy oil feedstock,
forming a catalyst shurry of formuta (RP)(M"AL(S) C*)eHHAOY)o(ND);.

[0130] Figure 7 illustrates yet another one embodiment for in-situ sulfiding
with at least one of the precursors is an organic metal precursor, ¢.g., iron / zinc
dithiocarbamates. The sulfidation of the metal precursors takes place in-situ in the

10 hydroprocessing reactor 10, upon contact with a heavy oil feed § and a sulfiding agent
4, e.g., a sulfur containing compound or elemental suifur. In this embodiment, the
heavy oil feed 8 transforms the precursors into a catalyst for use in the upgrade of the
heavy oil into lighter products.

[0131] In Figure &, a solvent carrier 6 is used for the dispersing of a mixture of

15 metal precursors 1 and 2 forming a catalyst precursor. In one embodiment, at least
one of the metal precursors is an organic compound. The solvent carrier in one
embodiment is an alcohol solution. The sulfidation of the catalyst precursor 5 takes
place in the hydroprocessing reactor 40, upon contact with a heavy oil feed 8 and a
sulfiding agent 4. In this embodiment, the catalyst precursor is sulfided and

20 decomposes in-situ, forming a catalyst slurry of formula
(ROYM)oL oS VA C™)eHTIHOT) N

[0132] In Figure 9, a hydrocarbon compound such as an alcohol solution 6 is
used as the carrier for the mixture of metal precursors 1 and 2, then the catalyst
precursor is sulfided m tank 40, forming a catalyst slurry 7 of formula

25 (ROMOL6(SHIACMLHA0Y),(N);, for subsequent use to upgrade a heavy oil
feed 8 in hydroprocessing reactor 40. 1In this process, at least one of the metal
PIECUTSOTS 18 an organic compound.

[0133] In any of the above embodiments as illustrated, the steps described are
in no way himited to the use of any particular apparatus. The apparatuses are i no

30 way limited to the equipment as shown in the Figures. Depending on the step, the
apparatus can be any of a cbullating bed reactor, a mixing tank, or a fluidized bed
reactor. It should be noted that the process can be carried out in any of continuous,
batch mode, or combinations thercof for some of the steps, using a single-stage
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1.510.312.3 8.9 MCR, wt. % 19.12 12.04 10.46 14.96 Sulfur, w-t. % 3.56 2.21 1.68 2.38 H/C molar
ratio 1.28 1.282 1.323 1.239 Solids in product slurry, g 0.0 7.8 8.21 17.2 Toluene-insolubles (coke),

WO 2011/0666150 PCTE/US2010/057831

reactor or multiple-stage reactors. In another embodiment, some of the steps are done
in batch mode, and some of the steps are done in the continuous mode. In one
embodiment, su]ﬁding is done in a continuous mode. In one embodiment, the process
is carried out as a batch process with a single reactor being used for the steps, e.g.,

5 forming a mixture, sulfiding, and forming an oil-soluble catalyst in the same
equipment, with the steps being carried out in sequence after the completion of the
previous step.

[0134] In another embodiment, the process is a batch process with multiple
reactors in series and with each step being carried out in a separate CSTR. In a third
10 embodiment, the process is continuous with the precipitate or catalyst precursor
cffluents from one step being moved to the next step in the process. Any of the
mixing tanks or reactors can be in the form of continuously stirred tank reactors
(CSTRs), and can be a vessel equipped heating means having a mechanical stirrer, or
a static mixer, or by means of & recirculating pump. The components (feed streams;)
15 can be introduced simultaneously, or sequentially in any order to the reactor. The
term “‘feed stream” refers to both continucus and batch processed.
[0135] The mixing of the components can be done within a continuous stirred
tank, or it can be done by other means including an in-line static mixer (e.g., with a
plurality of internal baffles or other elements), a dynamic high-shear mixer (vessel
20 with propeller for very high turbulent, high shear mixing), or & combination of the
above for turbulent mixing condition. In one embodiment, high shear mixing is
desirable to prevent the aqueous slurry from settling or forming thick gel. As used
herein, turbulent mixing conditions means sufficient mixing for a flow with a
Reynolds number of at least 2000. In one embodiment, the mixing is continuous in a
25 high shear mode, e.g., from 100 to 1600 RPM, and from about 10 minutes to 24
hours, forming a homogeneous slurry.  In a second embodiment, turbulent mixing
means sufficient mixing for 2 Reynolds number of at least 3000. In a third
embodiment, a Reynolds number ranging from 3200 to 7200.
[0136] In one of the sbove embodiments, the mixing can be under an inert
30 atmosphere comprising any of nitrogen, refinery gas, a gas having little or no oxygen,
and mixtures thereof. In one embodiment, the mixing is under a Hy-containing gas
pressure. In another, hydrogen gas is added at a relatively low rate before and after
the reactor in which the hydrocarbon / catalyst precursor mixing takes place. In one
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0.0 0.6 0.0 4.8 Ramp/soak time, h n/fa 1.5/2 1.5/2 1.5/2 Soak temperature, F n/a 805 805 805 [0165]
Mass balance data for the experiments is given in Table 4. 15Table 4 Fe/Zn-DTC Mo-Ni Blank Total

feed+catalyst to reactor, g
WO 2011/066150 PCT/US2010/057031

embodiment, the H; flow to the transformation step is kept at 100 to 2000 SCFB (per
hydrocarbon compound feed to the reactor). In a second embodiment, the H; flow
ranges from 300 to 1000 SCFB. In a third embodiment, the H; flow ranges from 200
to 500 SCFB.

50 [0137] In any of the above embodiments, the metal precursor feed streams can
be added to the reaction mixture in solution, suspension or as such. If soluble salts are
added as such, they will dissolve in the reaction mixture and subsequently be
precipitated. In one embodiment, the solution is heated optionally under vacuum to
effect precipitation and evaporation of the water. In one embodiment, in addition to

10 the metal precursors, at least a binder material and / or sacrificial material can be
optionally added to the mixture. Binder material can be any of the optional binders
described above and / or a precursor thercof,  If a precursor binder material is added
in the form of the solution, process condition can be adjusted so that precipitation of
the binder may occur.

15 [0138} In one embodiment (not shown), at least a surfactant is added to the
process before, after, or during the steps, e.g., sulfiding, transformation, etc. In one
embodiment (not shown), the shurry catalyst mixture is subject to activation radiation
to further improve the catalyst characteristics. In another embodiment, the mixture is
subject to high mntensity ultrasound treatment or electromagnetic energy to reduce the

20 particle size and thus the catalyst characteristics.

[0139] The resultant shurry mixture can go directly to a hydroprocessing
reactor without the need for water removal, but the presence of water will take up
unnecessary room in a hydroprocessing reactor.  In one embodiment, the oil based
catalyst slurry mixture is passed to high pressure separator (not shown) to remove

25 water from the slurry catalyst prior to entering a hydroprocessing reactor. In another
embodiment, the oil based catalyst siurry is pre-conditioned with hydrogen (not
shown) prior to entering a hydroprocessing reactor.

[01407 Use of The Catalyst: The catalyst composition is useful for upgrading

carbonaceous feedstocks which include atmospheric gas oils, vacuum gas oils (VGO),

30 deasphalted otls, olefins, oils derived from tar sands or bitumen, otls derived from
coal, heavy crude oils, synthetic oils from Fischer-Tropsch processes, and oils derived
from recyceled oil wastes and poiymers. The catalyst composition is useful for but not
limited to hydrogenation upgrading processes such as thermal hydrocracking,
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155.12 159.55 155.75 Hydrogen to reactor, g 6.70 6.70 6.25 Total feed to unit, g 161.82 166.25
162.00 Liquid yield (solids-free), g 130.15 137.24 105.30 Toluene Extracts from reactor & catalyst, g

14.15 14.32 37.16 Dry solids (catalyst(if applies)+coke), g 2.10 5.31 4.78 WO 2011/066150
WO 2011/066150 PCT/US2010/057031

hydrotreating, hydrodesulfurization, hydrodenitrification, and hydrodemetalization.
In yet another embodiment, the sturry catalyst can also be used for pretreating a
carbonaceous material and / or for liquefying a carbonaceous material such as coal.

{0141] In one embodiment of coal liquefaction, & catalyst precursor is used to

5  impregnate ground coal at a rate of 0;25 to 5 wt. % of metal to coal {on a dry, ash-free
basis or “daf” basis)., After impregnation, the catalyst is formed via in-situ
sulfidation. In one embodiment, the in-situ sulfidation is carried out by mixing
clemental sulfur with the catalyst impregnated coal and a solvent or diluent, e.g.,
FCC-type process oil, at a solvent to coal ratio ranging from 0.25:1 to 5:1 in one

10 embodiment, and 0.5 to 3:1 in a second embodiment,

[0142] The catalyst composition can be used to treat a plurality of feeds under
wide-ranging reaction conditions such as temperaturcs of from 200 to 500°C.,
hydrogen pressures of from 5 to 300 bar (72 to 4351 psi or 0.5 to 30 MPa), liquid
hourly space veiocities of from 0.05 to 10 i’ and hydrogen treat gas rates of from

15 35.610 2670 m’/m’ (200 to 15000 SCF/B).

[0143] In one embodiment, the process pressure ranges from about 10 MPa
(1,450 psi) to about 25 MPa (3,625 psi), about 15 MPa (2,175 psi) to about 20 MPa
(2,900 psi), less than 22 MPa (3,190 psi), or more than 14 MPa (2,030 psi). The
liquid hourly space velocity (LHSV) of the feed will generally range from about 0.05

20 h™to about 30 b, about 0.5 h™ to about 25 h™', about 1 h. ™ to about 20 h™%, about 1.5
h'' to about 13 h’, or about 2 h™* to about 10 h™. In some embodiments, LHSV is at
least 5 b, at least 11 b7, at least 15 b, or at least 20 h™. In another embodiment, the
LHSV ranges from 0.25 t0 0.9 h”'. In yet another embodiment, the LHSV ranges
from 0.1 to 3 LHSV. The (contacting zone) process temperature ranges from about

25 410°C (770°F) to about 600°C (1112 °F) in one embodiment, less than about 462°C
(900°F) in another embodiment, more than about 425°C. (797°F.) in another
embodiment.

[0144] The hydroprocessing can be practiced in one or more reaction zones
and can be practiced in cither countercurrent flow or co-current flow mode. By

30 countercurrent flow mode is meant a process wherein the feed stream flows
countercurrent to the flow of hydrogen-containing treat gas. The hydroprocessing
also includes slurry and ebullated bed hydrotreating processes for the removal of
sulfur and nitrogen compounds and the hydrogenation of aromatic molecules present
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PCT/US2010/057031 Gas vented out, g 18.76 13.25 16.08 Total products out, g 165.16 167.63 163.32
Recovery (mass balance), % 102.1 100.8 100.8 [0166] Example 5. In this example, a number of
oil-soluble, sulfur-rich, iron and zinc catalyst precursors were employed at different Fe : Zn ratios:
iron(111) diryidifltidéarbamate (Fe-DTC), zinc diethyldithio-carbamat&{ZAEITEGY5THé Scatalysts
were formed in-situ in the amount of 2 wt. % of total metals relative to VR, wherein 130 g sample of the

VR feed (60/40mnxss ot MRRIENS IRl nasRabEdi itk the melaldresinselsaTheiVR samples
including catalysts were added. to 1 L batch reactor, where it was pressurized with 1600 psig hydrogen

(at 80F), heatbth @ BELFIFr YR, fd'883ked at that temperature for 2 hours, then rapidly cooled,
TOand products coflectepEnrdadalred: in ByiropedeydsimitariscExsimplescatdyst m§9167] From the
results shown in ab!:J ifeis obs rged .tigﬁghf mi%(ed Fe-Zn catalyst had the highest catalytic activity at

Fe:Zn weightu}cé]tlfog n { & Vicini yCo?T:li; Wi %?ﬁcsé%lr%hp%sn{gﬁ 1%%5?3%% o %Bd\/?i?f% (in total Fe+Zn on
metals basis)péingackdesiraffledos, featiampgreadiing, d5Daphers and vacuum gas oils, coker
gas oils, atmospheric and vacuum resids, deasphalted oils, dewaxed oils, slack waxes,
Fischer-Tropsch waxes and mixtures thereof. Specific examples range from the
relatively light distillate fractions up to high boiling stocks such as whole crude
petroleum, reduced crudes, vacuum tower residua, propane deasphalted residua,

10 brightstock, cycle oils, FCC tower bottoms, gas oils includimg coker gas oils and
vacuum gas oils, deasphalted residua and other heavy oils. In one embodiment, the
feedstock is a Cyp. foedstock. In another the feedstock is selected from distillate
stocks, such as gas oils, kerosenes, jet fuels, lubricating oil stocks boiling above
230°C., heating oils, hydrotreated oil stock, furfural-extracted lubricating oil stock and

15 other distillate fractions whose pour point and viscosity properties need to be
maintained within certain specification lmits.

[0146] In one embodiment, the feedstocks contain a substantial amount of
nitrogen, e.g. at least 10 wppm nitrogen, in the form of organic nitrogen compounds.
The feeds can zalso have a significant sulfur content, ranging from about 0.1 wt. % to 3

20 wit. %, or higher. In yet another embodiment, the feedstock is a feed derived from
crude oils, shale oils and tar sands as well as synthetic feeds such as those derived
from the Fischer-Tropsch process, having initial boiling points of greater than 315°C
or higher. Specific examples include reduced crudes, hydrocrackates, raffinates,
hydrotreated oils, atmospheric gas oils, vacuum gas otls, coker gas oils, atmospheric

25  and vacuum resids, deasphalted oils, slack waxes and Fischer-Tropsch wax, and
mixtures thereof, In one embodiment, the feedstock is a mixture of gas oil from a
coker and vacuum distillation from conventional crudes, derived from distiliation
towers (atmospheric and vacuum), hydrocrackers, hydrotreaters and solvent extraction
units, and may have wax contents of up to 50% or more. In yet another embodiment,

30  the feed stock is selected from mid-distillates from fossil fuels such as light catalytic
cycle cracking oils (1.CCO); distillates derived from petroleum, coal, bitumen, tar
sands, or shale oil; heavy catalytic cracking cycie oils (HCCO), coker gas oils, oils

dertved from recycled oil wastes and polymers, vacuum gas oils (VGO) and heavier

36



Fe:Zn ratio 1:10 1:3 1:1 3:1 10:1 Refractive Index @20C 1.5894 1.5878 1.5823 1.5925 1.5875 API
gravity, 60F/60F 8.3 9.5 10.9 8.8 8.7 MCR, wt. % 11.59 10.80 10.75 12.19 12.74
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resids, which contain several percent 3+ ring aromatics, particularly large asphaltenic
molecules.
[0147] The hydrotreating processes using the catalyst may be suitable for
making fubricating oil basestocks meeting Group I or Group I base oil
5 requirements. In one embodiment, the catalyst 1§ for use in a hydroprocessing process
producing white oils. White mineral oils, called white oils, are colorless, transparent,
oily liquids obtained by the refining of crude petroleum feedstocks.
[0148] The catalyst can be applied in any reactor type. In another
embodiment, two or more reactors containing the catalyst may be used in series or
10 running in parallel.
[008] In one embodiment, the catalyst is added to the feedstock (catalyst to
oil ratio) at a rate of 0.01 to 3 wt.% active ”d” block element metals (“M” and *“L” in
the formula (RP (ML s(SACT)(HIOe(N?);. In a second embodiment, at a
rate of 0.25 to 2 wt. %. In a third embodiment, at a rate of 100 to 2000 ppm. ina
15 fourth embodiment, the catalyst is added to the feedstock at a sufficient rate for the
total amount of M and L in the reaction zone reaches 0.605 to 0.05 wt.% (based on the
total weight of the feedstock). In a fifth embodiment, the concentration is at least
1200 ppm.
[0149] Characterization of the Catalyst: Characterization of the catalyst of
20 the formula (RP)(M"Ls(S")ACM(H*AOY)(N), having improved morphology

and dispersion characteristics can be performed using techniques known in the art,

inchiding elemental analysis, Surface Area analysis (BET), Particle Size analysis
(PSA), Powder X-ray Diffraction (PXRD), Scanning Electron Microscopy (SEM),
Energy Dispersive X-ray Analysis (EDS), and other methods. In one method,

25  electron microscopy is used to complement the x-ray diffraction study. In another
method, the surface area of the catalyst 18 determined using the BET method. In yet
another method, scanning tunneling microscopy {(STM) and density functional theory
(DFT) can be used to characterize the catalyst. Elemental analysis of the catalyst will
show presence of Molybdenum, Nickel, Sulfur, as well as Oxygen, Carbon,

30 Hydrogen, and Nitrogen.

[0150] In one embodiment, the catalyst has a pore volume of 0.05-5 ml/g as

determined by nitrogen adsorption. In a second embodiment, the pore volume is 0.1-4



Sulfur, wt. % 1.69 1.47 1.48 1.83 1.82 H/C molar ratio 88.12 89.37 88.89 89.17 89.56 Ramp/soak time,
h 2.5/2 2.5/2 2.5/2 2.5/2 2.5/2 Soak temperature, F 825 825 825 825 825
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ml/g. Ina third embodiment, from 0.1-3 ml/g. In a fourth embodiment, from 0.1-2
mi/g. _

[0151] In one embodiment, the catalyst has a surface area of at least 5 m/g,

In a second embodiment, a surface arca of at least 10m*/g. In a third embodiment, a

5 surface area of at least 50 m*/g. In a fourth embodiment, the surface area is greater
than 100 m®/g as determined via the B.E.T. method. In a fifth embodiment, the
catalyst has a surface arca of greater than 200 m/g. Tn a sixth embodiment, the
catalyst is characterized by aggregates of crystallites of 10 to 20 angstrom, for an
overall surface arca greater than 100 m*/g.

10 [0152] In one embodiment, the catalyst has an effective suspended median
particle size of 0.0005 to 1000 microns. In a second embodiment, the catalyst has a
median particle size of 0.001 to 500 microns. In a third embodiment, a particle size of
0.005 to 100 microns. In a fourth embodiment, a particle size of 0.05 to 50 microns.
In a fifth embodiment, the catalyst in the form of a dispersed suspension 18

15 characterized by a median particle size of 30 nm to 6000 nm. In a sixth embodiment,
the catalyst has an average particle size in the range of 0.3 to 20 ym.

[0153] In one embodiment, the shurry catalyst has an average particle size
ranging from colloidal (nanometer size) to about 1-2 microns. In another
embodiment, the catalyst comprises catalyst molecules and/or extremely small

20 particles that are colloidal in size (i.e., less than 100 nm, less than about 10 nm, less
than about 5 nm, and less than about 1 nm), which in a hvdrocarbon diluent, forming
a slurry catalyst having “clusters” of the colloidal particles, with the clusters having
an average particle size in the range of 1 - 20 microns with a surface arca of greater
than 100 m%g. In yet another embodiment, the catalyst composition comprises

25 single layer clusters of nanometer sizes, e.g., 5-10 nm on edge.

[0154] In one embodiment, the slurry catalyst is characterized by a crystallite
size in the range of 10 to 20 angstrom with a surface area of greater than 100 mg.
In another embodiment, the catalyst is characterized by a macro-structure aggregate
with extremely high apparent pore volumes providing access to the heavy oil

30 molecules to the catalyst.

[0155] In one embodiment, the catalyst of the formula
(REY(MYALDYS A C¥)H IO (N?);, is characterized via X-ray powder diffraction
(LRD or PXRD) as a poorly crystalline comnpound having diffusion peaks of low
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[0168] Figure 12 plots the changes in MCR wt.% relative to the Zn to Fe Zn weight ratio from the resid.
tests in Example 5. Figure 13 is a graph showing the change in HIC molar ration relative to the Zn to
Fe + Zn weight ratio from the resid. 20Tests. [0169] Example 6. A sample of a bulk iron-zinc sulfide
catalyst wasBrepatédhi®m inorganic salts by sulfiding an aqueous solutiB&R BFFBA(I7&Hd zinc nitrates
WO 2011/066150PCT/132010/057031 5 with ammonium sulfide.The resulting water-based catalyst
precursor wam@ﬁﬂ@form&@ﬁmﬂtmgwt@WW§wmgium cycle oil (MCO), and water was

ted o F.T t th | fee identical t
Concitions of EXHULILE 215 EApeH AL RS b BB Toni2ts RATA G 16 blank run (no
_catalyst) alsoRiCRitled fopoooin p@m&dméscslmmnd mag/vlaﬁstgnmpm&wfédwce&m@.APl gravity
increased. T3PIg 0 . e XA HR'G.0 BRI (1, RETAGHYS: 'Rdex.@F0C

5 pcaks located at 2-8 angles of greater than 25°, with % height of at least 1° (in 2-8
scale), when measured on a Siemens-D500 diffractometer using 1.54187 A (Cu
K[alphall,2) emission wavelength, 1° divergence slit, and scan rate of 1°/min in 0.02°
increments.  In another embodiment, the catalyst has three diffraction peaks [ocated
at Bragg angles (2-0) of: 25 to 30°, 45 to 50° and 52 to 60° (from 0 to 70° 2-0 scale).

10 [0156] Figure 10 shows the X-ray diffraction pattern of an embodiment of a
Fe-Zn catalyst synthesized from organic metal precursors, ¢.g., oil-soluble
dithiocarbamates salts, with strong signals at approximately 28.5, 47.5 and 56.5
degrees (in 2-0 scale). Figure 11 shows the powder X-ray diffraction pattern of the
same catalyst after a test run as a spent catalyst.

15 [0157] The catalyst of the formula (R){M)AL")a(S A CLHNAO (N, is
characterized as giving excellent conversion rates in the upgrades of heavy oil
depending on the configuration of the upgrade process and the concentration of the
catalyst used. In one embodiment, the slurry catalyst provides conversion rates of at
least 70% in one embodiment, at least 75% in a second embodiment, at least 80% in a

20  third embodiment, and at least 90% in a fourth embodiment. In one embodiment of a
heavy oil upgrade system employing the catalyst of the formula
(RPN(M)ALa(SVACHILHIAONNY; at least 98 wt. % of heavy oil feed is
converted to lighter products.  In a second embodiment, at least 98.5% of heavy oil
feed 1s converted to lighter products. In a third embodiment, the conversion rate is at

25  least 99%. In a fourth embodiment, the conversion rate is at least 95%. In a fifth
embodiment, the conversion rate is at least 80%. Asg used herein, conversion rate
rofers to the conversion of heavy oil feedstock to Iess than 1000° F (538°C) boiling
point materials,

[0158] EXAMPLES: The following illustrative examples are mtended to be

30 non-limiting. Unless specified otherwise, the catalytic activity of the catalysts
prepared in the examples are tested for Hydrodenitrogenation (HDN),
Hydrodesulfurization (HDS), as well as API gravity change and Microcrystalline

Carbon Residue (MCRT).
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1.6325 1.6099 1.6048 API gravity, 60F/60F 1.5 9.7 8.9 MCR, wt. % 19.12 11.98 14.96 Sulfur, wt. %
3.56 2.20 2.38 H/C molar ratio 1.28 1.267 1.239 Solids in product slurry, g

W{J 2011/666150 PCT/US2G10/057031

[0159] The feedstock for use in the Examples is a mix of 60 wt.% heavy oil

(vacuum resid or VR) and 40 wt. % cycle oil diluent, with the properties as indicated

in Table 1.
Table 1

Property 60/40 VR /cycle oil Cycle oil diluent
Refractive Index @ 20°C 1.6325 1.6405
API gravity, 60°F/60°F 1.5 2.9
MCR, wt. % 15.12 4.30
1000+°F, wt. % (SimDist) 46.6 0.8
800+°F, wt. % (SimDist) 60.1 20.0
650+°F, wt. % (SimDist) 78.1 45.0
Nitrogen, wt. ppm | 5500 16G0
Sulfur, wt. % . 3.56 1.01
H/C molar ratio 1.280 1.041

[0160] Comparative Ni-Mo Bulk Catalvst Example 1: 2663g of ammonium

dimolybdate was combined with 1850 g of hot deionized (D) water and 1566 g of
ammonium hydroxide solution {28% in water). The mixture was stirred and the
reactor was heated to ~140°F, After stirring for 20 minutes, a slurry of 673 g of

16 nickel sulfate hexahydrate in 667 g of ammonium hydroxide (28% in water) was
added. The mixture was stirred for four hours to dissolve any solids present. At this
time the reaction mixture was a dark blue solution. An aqueous ammonium sulfide
solution (41.9%) was added at an addition speed of ~91g.min-1. A total of 9061g of
ammonium sulfide solution was added over 100 minutes. The water-based catalyst

15 precursor was iransformed to the oil phase by mixing 3796g of aqueous based
precursor and 3000 g of vacuum gas oil (VGO) in a 3-gallon autoclave and heating to
400°F under 400psi of nitrogen. Hydrogen was then added at 32 SCF /h. The
reduction was carried out until no H,S was detected in the exit gas stream. This gave
the final catalyst sturry. For catalytic activity evaluation, the solids were separated by

20 centrifugation and tested with a 60 wt.% vacuum resid blend as the heavy oil feed.

[0161] Examples 2 - 4. In these examples, three oil-soluble, sulfur-rich, iron

and zinc catalyst precursors were employed: iron(11l) dimethyldithiocarbamate (Fe-
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0.0 8.7 17.2 Toluene-insolubles (coke), g 0.0 3.6 4.8 Ramp/soak time, h ilia 1.5/2 1.5/2 Soak
temperature, F n/a 805 805 [0170] A sample of bulk iron-zinc slurry catalyst was prepared from a
mixture o of iron(lll) dimethyldithiocarbamate and zinc diethyldithiocarbamate at 1:1 ratio (metals
basis) via th&hzlldeedifhosition in oil under hydrogen pressure (700F, TG BEYS/ 0FREron-zinc
slurry catalyst was subsequently tested under the conditions similar to those of Examples 2-4.

Experimentafyesylisnareishommnio-Fablendicwith-DTdatadar-mblankopyidiaeatalysih@lso included for
comparison I(SZ-II—EB!IG‘P; Example 3 is a mixed Fe / Zn catalyst, wherein 1:1 weight ratio of Fe:Zn

was used with a mixture of iron(11I) dimethyldithiocarbamate and zince diethyldithio-

carbamate.

5 [0162] The catalysts were formed mn-situ in the amount of 1.7 wt. % on metal
basis of VR feed (60/40 mixture of VR to cycle oil), wherein 130 g sample of the VR
feed was mixed with the metal precursors, forming sulfided catalysts in-situ. The VR
samples including catalysts were added to 1 L batch reactor, where it was pressurized
with 1600 psig hydrogen (at 80°F), heated to 825°F m 2.5 hours and soaked at that

10 temperature for 2 hours, then rapidly cooled, and products collected and analyzed.
[0163] Liquid products were separated via filtration, and apalyzed for
refractive index at 20°C, APT gravity (60°F/60°F), micro-carbon residue (MCR),
boiling curve (simulated distitlation, SimDist), nitrogen, and sulfur. From the results
shown in Table , it can be seen that the mixed Fe-Zn catalyst had the highest catalytic
15 activity as judged by increased APl gravity and reductions in MCR, VR (1000+°F), as

well as in Nitrogen and Sulfur content.

Table 2
Example 2 Example3  Example 4

Feed Zn-DTP Fe-DTC  Fe/Zn-DTC
Refractive Index @ 20°C 1.6325 1.5861 1.5850 1.5708
APT gravity, 60°F/60°F 1.5 9.2 10.9 133
MCR, wt. % 19.12 10.54 9.84 7.58
1060+°F, wt. % (StmDist) 46.6 6.6 6.8 52
800+°F, wt. % (SimDist) 60.1 19.3 19.7 17.4
650-+°F, wt, % (SimDist) 78.1 438 43.8 41.1
Nitrogen, wt. ppm 5500 4200 4244 3803
Sulfur, wt. % 3.56 1.55 1.20 0.96
Ramp/soak time, h n/a 2.5/2 2.5/2 | 2.52
Soak temperature, °F n/a 825 825 825

[0164] The Fe:Zn catalyst of Example 4 was compared with a Mo-Ni catalyst
20 of the prior art (Comparable Example 1). In this experiment, 3 different samples
were tested, 170 g of the 60/40 VR/cycle oil feedstock (“VR”) by itself without any
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Feed Fe/A-sulfide Blank Refractive Index @20C 1.6325 1.5928 1.6048 API gravity, 60F/60F 1.5 10.3
8.9 MCR, wt. % 19.12 12.40 14.96 Sulfur, wt. % 3.56 2.24 2.38 H/C molar ratio 1.28 1.303 1.239

16

13
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catalyst (Blank), a mixture of VR and the Mo/Ni comparative catalyst in Example 1,
and a mixture of VR and the Fe:Zn catalyst of Example 4. The samples were added
to1L batéh reactor, wherein the reactor was pressurized with 1350 psig hydrogen (at
180°F), heated to 805°F in 1.5 hours and soaked at that temperature for 2 hours, then
rapidly cooled, and products collected and analyzed. Reaction shurry was centrifuged
and filtered to separate the wet solids (*‘solids in product slurry™ in the data table),
which then were washed with toluene and dried to determine the amount of toluene-
insotuble materia! (defined as “toluene-insolubles” or coke in the data table). Liquid
products were analyzed for refractive index at 20°C, API gravity (60°F/60°F), micro-
carbon residue (MCR), and sulfur, The results are shown in Table 3 and compared

with the properties of the starting 60/40 VR feed.

Table 3
60/40 Feed  Example4  Example I  Blank
FelZn-DTC Mo-Ni

Refractive Index @) 20°C 1.6325 1.5884 1.5779 1.6048
API gravity, 60°F/60°F L5 10.3 12.3 8.9
MCR, wt. % 19.12 12.04 10.46 14.96
Sulfur, wt. % 3.56 2.21 1.68 2.38
H/C molar ratio 1.28 1.282 1.323 1.239
Solids in product shurry, g 0.0 7.8 8.21 17.2
Toluene-insolubles (coke), g 0.0 0.6 0.0 4.8
Ramp/soak time, h n/a 1.572 1.5/2 1.572
Soazk temperature, °F n/a 803 805 805

[0165] Mass balance data for the experiments is given in Table 4.

Table 4

Fe/Zn-DTC Mo-Ni Blank
Total feed+catalyst to reactor, g 155.12 159.55 155.75
Hydrogen to reactor, g 6.70 6.70 6.25
Total feed to umt, o 161.82 166.25 162.00
Liquid yield (solids-free), g 130.15 137.24 105.30
Toluene Extracts from reactor & catalyst, g i4.15 14.32 37.16
Dry solids (catalyst(if applies}+coke), g 2.10 5.31 4,78
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Solids in product slurry, g 0.0 8.9 17.2 WO 2011/066150 PCT/US2010/057031 Toluene-insolubles
(coke), g 0.0 1.8 4.8 Soak time, h n/fa 2 2 Soak temperature, F n/a 805 805 [0171] Compared to
the blank run, tests with Fe-Ni catalysts show lower levels of solids in product slurry, which is important
for a heavy BIPLAS§HEE Process. [0172] Example 7 (Fe / Zn). In this ExaniplEUpEHAACe of a
sulfided Fe- s Zn based catalyst was compared to a sulfided Zn-based catalyst and a sulfided

iron-based caiglystented out, g 18.76 13.25 16.08
Total products out. g 165.16 167.63 163.32
Recovery (mass balance), % 102.1 100.8 100.8

[0166] Example 3. In this example, a number of oil-soluble, sulfur-rich, iron
and zing catalyst precursors were employed at ditferent Fe : Zn ratios: iron(IIl)
dimethyldithiocarbamate (Fe-DTC), zinc diethyldithio-carbamate (Zp-DTC). The

5 catalysts were formed in-situ in the amount of 2 wt. % of total metals relative to VR,
wherein 130 g sample of the VR feed (60/40 mixture of VR to cycle oil) was muxed
with the metal precursors. The VR samples including catalysts were added to 1 L
batch reactor, where it was pressurized with 1600 psig hydrogen (at 80°F), heated to
825°F in 2.5 hours and soaked at that temperature for 2 hours, then rapidly cooled,

10 and products collected and analyzed, in a procedure similar to Examples 2-4.

[0167] From the results shown in Table , it is observed that the mixed Fe-Zn
catalyst had the highest catalytic activity at Fe:Zn weight ratios in the vicinity of 1:1;
with Zince component content of 60 wt.% (in total Fe+Zn on metals basis) being

desirable for feed upgrading.

15  Table5
Fe:Zn ratio 1:10 13 1:1 3:1 10:1
Refractive Index @ 20°C 1.5894 1.5878 1.5823 1.5925 1.5875
API gravity, 60°F/60°F 8.3 9.5 106.9 8.8 8.7
MCR, wt. % 11.59 10.80 10.75 12.19 12.74
Sulfur, wt. % 1.69 1.47 1.48 1.83 1.82
H/C molar ratio 88.12 89.37 88.89 89.17 89.56
Ramp/soak time, h 2.5/2 2.5/2 2.512 2.5/2 2.5/2
Soak temperature, °F 825 825 825 825 825

[0168] Figure 12 plots the changes in MCR wt.% relative to the Zn to Fe +
Zn weight ratio from the resid. tests in Example 5. Figure 13 18 a graph showing the
change in H/C molar ration relative to the Zn to Fe + Zn weight ratio from the resid.
20 Tests.
[0169] Example 6. A sample of a bulk iron-zinc sulfide catalyst was prepared

from inorganic salts by sulfiding an aqueous solution of iron(IIT) and zinc nitrates
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[0173] In Run 1, a solution of a mixed catalyst precursor iron nitrate (Fe(NO3) 3+9H20) and zinc nitrate
(Zn(NO3)2.6H20) dissolved in methanol was prepared. A sample of moisture-free coal feed (i.e. less
than 1 % by weight water) having a 10 particle size of less than 100 mesh was impregnated to
incipient weth@s¥ #6458 solution, at a solution to coal weight ratio of 1: FSASIEHMGAAEE/coal loading
on a dry, ash-free (daf) basis of 1% Fe and a Zn/coal loading on a daf basis of 1 wt% Zn. The catalyst
impregnated ¢aakwasthen dﬂﬁdeundmll&s’mh@%&feﬁsup tatd4shpferuiesiemeve the methanol. The
dried catalyst i ted ith an FC 15t p il 500F+ cut as solvent, at
a solvent: coatf‘?‘ggSrg\‘C? %%al ﬂﬁgf dtagnjié’flsu ur ngségjd%edp 1@% aﬂ‘? % e 415 and zinc, at a
S:Fe molar ratiepofa2ed aﬂ’ﬁdraaf‘sﬂa’madﬂfmﬂﬁgenﬁﬂem?ﬁtu rEepta theh hba{eﬁlcqlﬁewytmla vessel to
200C, and held aEéZOO Egrczrliagurs Ie th )é? og%n alr%ae; ressure Wlt in the vessel increased
from about 186° p5|aIH bou t(5(8)np:~:|a Mix urew ]fur &fheaed s 430C, and then
held at 430C Tab!8 thovith datalérra hj@ﬂogm{mamaﬂxmésmrmdhéﬁbﬁpmmnm hsurs the reaction
vessel contalﬁig‘%hﬁéﬁl(k%ngg Yent gp&dgy&% JQW@Q% angdany,reaction products was quenched
to room temperature. Product gases (CO, CO2, Cl, C2 and C3) were vented through a wet test meter
to determine Tﬁbf@és yleld Solids, primarily unconverted coal ash and 250ata|yst sulflde were
separated from I CH g 16D B i
nitrate was used as the catalyst precursor at azn to coal Ioadngnggl}d@g V\P sis of 2 Wit Zn,
Elemental sulfur was.added, Q. suifile the zinc, at 85319 Zn ratio of; Zdog 1.6048
2011/066150PCT/US20101057031 [0176] Run 3 is a repeat of Run 1, wherein iron nitrate was
used as the catal;‘}éﬂarém}’sé?%"t/@nc’ﬁon to coal loadihg daf basis of%wi% Fe. Eleriéhtal sulfur was
added to sulfide tpﬁ»: op.@ta S to Fe ratio of 2:1. [Q}74] Coal conversign was determpigied as follows:
(solids recovered éash in 5coal + recovered catalysg /coat feed. B subtractlng the solvent added at
the beginning of th fﬁﬁnwblﬁfyleld was determined bh3ed on coal da (ﬂory, ash- free)zbé%ls Product
yields comparing the thege #uns are tabulated in Taphe 8. Table 8 RupkReaction Conglition Liquid Yield
Coal Conversion Gas Yield | 430C, 3 hr, 1% Zn, 1%0F0e S

Solids in product shurry, g 8.7 17.2
Toluene-insolubles (coke), g 0.0 3.6 4.8
Ramp/soak time, h n/a 1.53/2 1.5/2
Soak temperature, °F n/a 805 805

{01701 A sample of bulk iron-zinc slurry catalyst was prepa'réd from a mixture
10 of iron(Ill) dimethyldithiocarbamate and zinc diethyidithiocarbamate at 1:1 ratio
(metals basis) via thermal decompaosition in 0il under hydrogen pressure (700°F, 1000
psig). The iron-zine slurry catalyst was subsequently tested under the conditions
similar to those of Examples 2-4. Experimental results are shown in Table 7, with

data for a blank run (no catalyst) also included for comparison

15 Table7
Feed Fe/Zn-sulfide Blank
Refractive Index @ 20°C 1.6325 1.5928 1.6048
AP gravity, 60°F/60°F 1.5 10.3 8.9
MCR, wt. % 19.12 12.40 14.96
Sulfur, wt. % 3.56 2.24 2.38
H/C molar ratio 1.28 1.303 1.239

Solids in product shurry, g 0.0 8.9 17.2
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73.897.8 16.4 2 430C. 3 hr, 2% Zn, S 50.4 80.6 25.3 3 430C. 3 hr, 2% Fe, S 68.7 94.8 15.5 10[0178]
Example 8 (Fe / Ni): In this Example, performance of a sulfided Fe- Ni based catalyst was compared to
a sulfided Ni-based catalyst and an unsulfided Nibased catalyst. In Run 1, a solution of a mixed
catalyst predtps¥i ifehthanol was prepared from a mixture of iron nitrat& {EA[RNEI813788120) and nickel
nitrate. As in Run 1 of Example 7, the catalyst precursor was loaded onto coal at an iron to coal |
5loading on a d?&lgé%ﬁl%ﬂa%(%&}%e?}d a Nito cogloading on a gaf basis of 1 wt%o Ni. Elemental
sulfur was added to sulfide the iron and nickel, at a S to Fe molar ratio of 2:1 and a S to Ni ratio of 2:1.
[0179] In Run ??ﬂ%ﬁ@?\lﬂate was used as the cata‘?{f%t precursor at’a Ni to coal Ioadlng at a daf basis
of 2 wt% Zn. Elgmﬁrﬂ&g{p&utufemas added to sulfldefuhae 20nickel, agass to N| ratlo&u)‘sz 1 Product yields
comparing the.u _ : _ 28 : andlitic GIHC ,

[0171] Compared to the blank run, tests with Fe-Ni catalysts show Jower

levels of solids in product slurry, which is important for a heavy oil upgrade process.

[0172] Example 7 (Fe / Zn). In this Example, performance of a sulfided Fe-

5 Znbased catalyst was compared to a sulfided Zn-based catalyst and a sulfided iron-
based catalyst.

[0173] In Run 1, a solution of a mixed catalyst precursor iron nitrate (Fe(NO3)
++OH,0) and zinc nitrate (Zn(NOs),.6H;0) dissolved in methanol was prepared. A
sample of motsture-free coal feed (i.¢. less than 1 % by weight water) having a

10 particle size of less than 100 mesh was impregnated to mcipient wetness with the
solution, at a solution to coal weight ratio of 1:1, yielding an Fe/coal loading on a dry,
ash-free (daf) basis of 1% Fe and a Zn/coal loading on a daf basis of 1 wt% Zn. The
catalyst impregnated coal was then dried under N2 at 105 °C for up to 24 hr for to
remove the methanol. The dried catalyst impregnated coal was mixed with an FCC-

15 type process oil (500°F+ cut) as solvent, at a solvent:coal ratio of 1.6:1.

[0174] Elemental sulfur was added to sulfide the iron and zinc, at a S:Fe molar
ratio of 2:1 and a S:Zn ratio of 2:1. The mixture was then heated quickly in a vessel
to 200°C, and held at 200°C for 2 hours, while the hydrogen partial pressure within
the vessel increased from about 100 psia to about 1000 psia. The mixture was then

20 further heated to 430°C, and then held at 430°C for 3 hours under a hydrogen partial
pressure of 2500 psia. After 3 hours the reaction vessel contaimng the sulfided
solvent/coal mixture, hydrogen and any reaction products was quenched to room
temperature. Product gases (CO, CO2, CI, C2 and C3) were vented through a wet
test meter to determine the gas yield. Solids, primarily unconverted coal, ash and

25 catalyst sulfide were separated from liquid products (C4+) by filtration.

[0175] Run 2 is a repeat of Run 1 wherein zinc nitrate was used as the catalyst
precursor at a Zn to coal loading on a daf basis of 2 wt% Zn. Elemental sulfur was

added to sulfide the zinc, at 2 S to Zn ratio of 2:1,
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Coal Conversion Gas Yield 430C, 3 hr, 1% Ni, 1% Fe, S 73.397.5 16.1 2 430C, 3 hr, 2% Ni, S 73.4
96.8 14.9 [0180] Example 9 (Fe / Cu): In this Example, performance of a sulfided Fe- 25 Cu based
catalyst was compared to a sulfided Cu-based catalyst and an unsulfided Cu-based catalyst. In Run 1,
a solution of ¥hI&Baialyst precursor in methanol employing iron nitrat&{FERO2598420) and
copper nitrate was prepared. The 46 WO 2011/066150PCT/US2010/057031 conditions of Run 1

(Example 7) were repeateruwiththesmixest Reh Guwaatalystaf eaussoral ad&catoieoaliiopding on a daf
basis of 1 wt% Fe, and a Cu to coal Ioagjng a daf siso/ofF’L wi%o Cu.%Ol@%J In Run 2, Run 1 was
repeated butRiiCOhHEMRAIR St %%bﬁﬁ%‘% SOV At NFFESEFb YIS ¥ a daf basis of 2 wt.
% Cu. Elementdddstdfur fidestadeetata Sulfitle theedi@per at an S to Cu ratio of 2:1. Product yields are

tabulated in Table ][8];%}%&][%0%\9&31011 was determined as follows: (solids recovered — (ash in
5 coal +recovered catalyst))/coal feed. By subtracting the solvent added at the
beginning of the run, oil yield was determined based on coal daf (dry, ash-free) basis.

Product yields comparing the three runs are tabulated in Table 8.

Table §

Run

Reaction Condition

Liquid Yield

Coal Conversion

Gas Yield

430°C, 3 hr, 1% Zn, 1% Fe, 8§

73.8

7.8

16.4

430°C, 3 hr, 2% Zn, S

504

80.6

25.3

W b fem

430°C, 3 hr, 2% Fe, S

68.7

94.8

15.5

10 [0178] Example 8 (Fe / Ni): In this Example, performance of a sulfided Fe-

Ni based catalyst was compared to a sulfided Ni-based catalyst and an unsulfided Ni-
based catalyst. In Run 1, a solution of a mixed catalyst precursor in methanol was
prepared from a mixture of iron nitrate (Fe(NO;);-9H;0) and nickel nitrate. Asin
Run 1 of Example 7, the catalyst precursor was loaded onto coal at an iron to coal
loading on a daf basis of 1 wit% Fe, and a Ni to coal loading on a daf basis of ] wt%
Ni. Elemental sulfur was added to suifide the iron and nickel, at a S to Fe molar ratio
of 2:1 and a S to Niratio of 2:1.

{0179} In Run 2, nickel nitrate was used as the catalyst precuréor at a Ni to
coal loading at a daf basis of 2 wt% Zn. Elemental sulfur was added to sulfide the
20  nickel, at a S to Ni ratio of 2:1,

Table 9.

Product yields comparing the runs are tabulated in

Table 9

Liguid Yield
733
734

Gas Yieid
16.1

14.9

Coal Conversion
97.5

96.8

Reaction Condition
1 430°C, 3 hr, 1% Ni, 1% Fe, S
2 430°C, 3 hr, 2% Ni, S

Run

[0180] Example 9 (Fe / Cu): In this Example, performance of a sulfided Fe-

Cu based catalyst was compared to a sulfided Cu-based catalyst and an unsulfided
Cu-based catalyst. In Run 1, a solution of a mixed catalyst precursor in methanol

employing iron nitrate (Fe{INO1):.9H20) and copper nitrate was prepared. The
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Reaction Condition Liquid Yield Coal Conversion Gas Yield 430C, 3 hr,% Cu, 1%Fe,S 71.1 96.6 19.8
430C, 3 hr, 2% Cu, S 71.3 96.3 17.4 10[0182] ExamO e / Co'"): Performance of a sulfided Fe-Co based
catalyst was compared to a sulfided Co-based catalyst and an unsulfided Co-based catalyst. In Run 1,
a solution of ¥ dEafalyst precursor in methanol was prepared from irBRTitFA&%(FEIRO3)3.9H20)
and cobalt nitrate. The conditions of Run 1 (Example 7) were repeated with the mixed Fe / Co catalyst

precursor, at@ndigohd doreaat I(Eﬁiﬁglw)ava@f@g&&@mtwt% E@{@%a@pcma@ﬁal loading on a daf
basis of 1 wt% Co. Elemental SUI%‘ was adde g@’é sul Ifide th iron andclj cobalt at a S to Fe molar ratio of

2:1 and a S tBTEYTRIIB 515 1° SPEUITAHAA QA ?tbeﬂﬁ F5088%4 4P Re3HRERReaction
Condition Liguic YaélchGoal Cotdéarsion

[0181] In Run 2, Run | was repeated but with copper nitrate as the catalyst
5 precursor at a Ni/ coal loading on a daf basis of 2 wt. % Cu. Elemental sulfur was

- added to sulfide the copper at an S to Cu ratio of 2:1. Product yields are tabulated in

Table 10.
Table 10
Run | Reaction Condition Liquid Yield | Coal Conversion | Gas Yield
1 430°C, 3 hr, 1% Cu, 1% Fe, S 71.1 96.6 19.8
2 1430°C,3hr, 2% Cu, S 71.3 96.3 17.4
10 [0182] Example 10 (Fe / Co): Performance of a sulfided Fe-Co based

catalyst was compared to 2 sulfided Co-based catalyst and an unsulfided Co-based
catalyst. In Run 1, a solution of a mixed catalyst precursor in methanol was
prepared from iron nitrate (Fe(NOs);-9H,0) and cobalt nitrate. The conditions of
Run 1 (Example 7) were repeated with the mixed Fe / Co catalyst precursor, at an Fe

15 to coal loading on a daf basis of 1 wi% Fe, and a Co to coal loading on a daf basis of
I wt% Co. Elemental sulfur was added to sulfide the iron and cobalt ata S to Fe

molar ratio of 2:1 and a S to Co ratio of 2:1. Products yields are tabulated in Table
.

Table 11
Run | Reaction Condition Liguid Yield | Coal Conversion | Gas Yield
1| 430°C,3 hr, 1% Co, 1% Fe, S 728 97.6 16.8

26
[0183] Example 11 (Fe/ Cr): Performance of a sulfided Fe-Cr based catalyst

was compared to a sulfided Cr-based catalyst and an unsulfided Cr-based catalyst.

In Run 1, a solution of a mixed catalyst precursor in methanol using iron nitrate
(Fe(NQG3)3-9H20) and chromium nitrate was prepared. The conditions of Run 1

25 (Example 7) were repeated with the mixed catalyst precursor at a Fe to coal loading
on a daf basis of 1 wt% Fe, and a Cr/coal loading on a daf basis of 1 wt% Cr.
Elemental sulfur was added to sulfide the iron and chromium, at a S:Fe molar ratio of

2:1 and a S:Crratio of 2:1.
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Gas Yield 430C, 3 hr, 1% Co, 1% Fe, S 72.8 97.6 16.8 20 [0183] Example 11 (Fe / Cr):
Performance of a sulfided Fe-Cr based catalyst was compared to a sulfided Cr-based catalyst and an
unsulfided Cr-based catalyst. In Run 1, a solution of a mixed catalyst precursor in methanol using iron
nitrate (Fe(N®3¥31943050nd chromium nitrate was prepared. The conditRAEGIRIGIT BB (Example 7)
were repeated with the mixed catalyst precursor at a Fe to coal loading on a daf basis of 1 wt% Fe,

and a Cr/coal loading:1gmjadr{Rasisafchnin S RigMental Riylimwasrddeg.ia.sulfide the iron and
chromium, at a S:Fe molar ratio of 2:1 and a S:Cr ratio of 2:1. WO 2011/066150PCT/US2010/057031

[0184] In Rur#2{RAIBRAMBINE SFISURCT Harer 8 foatderdnR g LA BN At Msthe catalyst
precursor at ﬁi@h&ﬁt@b@iiﬁﬁdﬁ@dﬁb@ﬁaﬁb‘a{&&aﬁ}&dﬂiﬂﬁ@m BiemgmaiﬁwﬁnerS rdded to sulfide the

chromium, atga Cr ratalg of 2: 1d n Ru tl}%} eg}g | Wlt‘;l uatry)[eba ded sulfur.
Products yields "are aBl%Ia dr%?naileab P QIuab actlon ORAItion L|qU| i43¥i€ld Coal
Conversipn Ga$abielt2430C, 3 hr, 1% Cr 1% Fe, S 64.8

Table 12
Run | Reaction Condition Liguid Yield | Coal Conversion | Gas Yield
1|430°C,3hr, 1% Cr1%Fe, S 64.8 91.9 18.8
2 | 430°C, 3 hr, 2% Cr, S 34.4 65.6 21.0
3 430°C, 3 hr, 2% Cr 37.1 66.4 20.0

[0185] Example 12 (Fe / Ti): Performance of a sulfided Fe-Ti based catalyst
was compared to a sulfided Ti-based catalyst and an unsulfided Tibased catalyst.

10 The conditions of Run 1 (Example 7) were repeated with the coal being impregnated
with an iron nitrate (Fe(NO3)3-9H20) catalyst precursor at an Fe/coal loading on a
daf basis of 1 wt% Fe. Titanium diethyl dithiocarbamate was next blended in the
solvent coal mixture to yield a Ti/coal loading on a daf basis of 1 wt% Ti. Elemental
sulfur was added, at a S:Ti molar ratio of 2:1.

15 [0186] In Run 2, a sample of moisture-free coal feed (i.e. less than 1 % by
weight water) having a particle size of less than 100 mesh was mixed with an FCC-
type process 0il (500°F+ cut) as solvent, at a soivent:coal ratio of 1.6:1. Titanium
diethy! dithiocarbamate was blended in the solvent coal mixture to yield a Ti/coal
loading on a daf basis of 1 wi% Ti. Elemental sulfur was added, at a S to Ti molar

20 ratio of 2:1. The mixture was then heated quickly m a vessel to 200°C, and held at
200°C for 2 hours, while the hydrogen partial pressure within the vessel mcreased
from about 1060 psia to about 1060 psia. The mixture was then further heated to
430°C, and then held at 430°C for 3 hours under a hydrogen partial pressure of 2500

psia. Products yields from the runs are tabulated in Table 13.

25 Table 13
Run | Reaction Condition Liquid Yield | Coal Conversion | Gas Yield
1| 430°C,3 hr, 1% Ti, 1% Fe, 8 72.3 96.5 15.0
2 | 430°C, 3 hr, 2% Ti, S 50.5 83.5 29.6
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91.9 18.8 2 430C, 3 hr, 2% Cr, S 34.4 65.6 21.0 3 430C, 3 hr, 2% Cr 37.1 66.4 20.0 [0185] Example
12-1Performance of a sulfided Fe-Ti based catalyst was compared to a sulfided Ti-based catalyst and
an unsulfided Tibased catalyst. 10 The conditions of Run 1 (Example 7) were repeated with the coal
being impre§HAEEHMEH 4N iron nitrate (Fe(NO3)3-9H20) catalyst precursb¥ HUEH W8l loading on a
daf basis of 1 wt% Fe. Titanium diethyl dithiocarbamate was next blended in the solvent coal mixture

to yield a Ti/coal Ioadj@g}%apdq{dgasiﬁ"aﬁi yp%ﬂadtﬁﬁmﬂm@@mwrmaﬁ@dﬁi@@b at a S:Ti molar ratio of
2:1. 15[0186 samp oisture-free coal feed (i.e. less than 1 % é/ weight water) having

Run 2,
ot o R A S S T e PR DRSS LTS B cuth s ot
at a solvent:codlattionofrkitedl Vatesy usadiie thy lspittifocaikbamadtdaves hieaﬁbﬂunﬂ&mamlvent coal

mixture to ylelg\?eél-%/%pﬁ d|n ona,¢ Ceaéf l%a%s g%nu'c ?T% ..Igi%n(])g(ﬂ %{é EY‘SV n%%%ad ataStoTi

molar 20ratio e mlxture was then heate yina vesse eld at 200C for 2
hours, while théhhydrogen hanmiahpresspramithin méqrésgeihﬁ&éa@e&mﬁmm psia to about

1000 psia. TQﬁ&%&ﬁ%@ﬁﬂ@%@‘%&&&%&%ﬁfﬁ%ﬁﬁ@%d@ﬁ%&ﬁ%ﬁ%@!ﬂtﬁé 43&yfor 3 hours under a
hydrogen partial pressure of 2500 psia. Products yields from the runs are tabulated in Table 13.
o5Table 13 Fifperties sought to be obtamed by the present invention. It 1s noted that, as used in

this specification and the appended claims, the singular forms "a," "an," and "the,"
include plural references unless expressly and unequivocally limited to one referent.
10 As used herein, the term "include" and its grammatical variants are intended to be
non-limiting, such that recitation of items in a list is not to the exclusion of other like
items that can be substituted or added to the listed items.
{0188] This description uses examples to disclose the invention, mcluding the
best mode, and also to enable any person skilled in the art to make and use the
15 invention. The patentable scope is defined by the claims, and may include other
examples that occur to those skilled in the art. Such other examples are 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 claimns. All citations

20 referred herein are expressly incorporated herein by reference.
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Reaction Condition. Liquid Yield Coal Conversion Gas Yield 430C, 3 hr, 1% Ti, 1% Fe, S 72.3 96,5
15.0 2 430C, 3 hr, 2% Ti S 50.5 83.5 29.6 [0187] For purposes of this specification and appended
claims, unless otherwise indicated, all numbers expressing quantities, percentages or proportions, and
other numeri¥® ¥H¥€138ed in the specification and claims, are to be undér&fead'44H8#Mg modified in
all instances by the term "about."” Accordingly, unless indicated 5to the contrary, the numerical
parameters Sgt fantisin the following specification and attached claims are approximations that may
vary depending upan the desired properties squght to pe obtained by the present invention. It is noted
that, as used in thi:ISpecifCIich?lig[ ‘ar?&%wgsmon% grénogcﬁa?rlﬁm? the singular fowls "a," "an," and "the,"

a mn
appen
include plural referéREp&VlinIESsEXRpfESSKHAND U@ Guivebatbyimited to one referent. 10As used herein,

the term "include” apdt3 %ﬁ‘KﬂR"}Q%"E‘#%@ﬁ@%ﬁt}?i&i&@&%ﬁd%&% goRslmitiag. éatgﬁé‘ dthat recitation of

items in a list is not to the exclusion of other like items that can be substituted or ed to the listed
items. 5 [0¥88}This description uses examples to disclose the invention, including the best mode,

and also to enable gy RefsQn.skitad ntheAthigmpake and use the 15invention. The patentable
scope is defined by the claims, and may include other examEIes that occur to those skilled in the art.

Such other examplésiaié ittt Rddd b pesirmint te R HHE et he® Him <t BRAF KR Rtructural elements

that do not differafrom the literal language of the claims, or if they include equivalent structural
elements with insubs’g:amgtjgilmgi ferences from the literal languages of the claims. All citations 20referred
herein are expressly incrporated herein by reference.

10 0<b/a=<5,

0.5(a+b)y<=d<= 5(a+b),
0 <e <= 11(atb),
0 <f<=T(atD),
0<g<=35{a+bh),
15 0 <h<=2a+b),
p. t, 4, v, W, X, V. Z, cach representing total charge foreach of: M, L, S, C, H,
O and N, respectively, wherein pitta-tub+vd+we+xf+yetzh=0; and
wherein the catalyst has an X-ray powder diffraction pattern with af least three

diffraction peaks located at 2-8 angles of greater than 25°,

20
2. The catalyst composition of claim 1, wherein the three diffraction
peaks are located at Bragg angles: 8 to 18°, 32 to 40°, and 55 to 65° (from 0 to 70° 2-
8 scale).
25 3. The catalyst composition of any of claims 1 - 2, wherein the catalyst
has an average particle size of 0.0005 to 1000 microns.
4. The catalyst composition of any of claims 1 - 2, wherein the catalyst
comprises clusters of colloidal sized particles of less than 100 nm n size.
30

5. The catalyst composition of any of claims 1 - 2, wherein the catalyst is
added to a heavy oil feedstock in a hydroconversion process at a concentration of at

least 1200 wppm of active metal catalyst to heavy oil feedstock.
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CLAIMS: 1. A catalyst composition having a foimula wherein R is optional, R is at least a
lanthanoid element metal or an alkaline earth 5Smetal; M is at least a "d" block clement metal, Lis
at least a "d" block element metal different from the "d" block element metal M; 0 <=i<=1;100<bla
=<5, 0.5 (a¥P BIBLH LG (a + b), 0 < ell(a+b), 0 <7(a+b), 0 < g ZLEESIHYGH1< h2(a + b), p,
t, u, v, w, X, Yy, z, each representing total charge for each of: M, L, S, C, H, 0 and N, respectively,
wherein pi+ta+ub+vd+we-4-xfryg+zh=0; and wherein the catalyst has an X- ray powder diffraction

pattern with at least three ffract on eaks Iocate at 2 ar%g es. (g %gater 20 2. The
. at a 011 Ay o Ellcil ) erein the ca
catalyst composition of clai m 1 Srein Rree Sifracticn peakS’areTocated a ragg angles: 8 to

18, 32 to 400yaang&s volﬁﬁae(ﬁjﬁm%ﬁ)rﬂmg%@l@caim)m% Tive watatisstwamposition of any of claims 1
-2, wherein the catalyst has an average patrticle size of 0.0005 to 1000 microns. 4. The catalyst
composition of any of claims 1 -2, wherein the catalyst comprises clusters of colloidal sized particles of
less tharf 100 nm iV size. B¢ cataystiisanpasiipstademnipoisiiomsf ady wherginiBercaalyiherein the catalyst
is added to a heavy,pilfeadsipeking hydroconversion process at a concentration of at least 1200
wppm of active metal catalyst to heavy oll eedstock.

8. The catalyst composition of any of claims 1 - 2, wherein M is selected
from zinc and iron and mixtures thereof and L is selected from zinc and iron and

10 mixtures thereof,

9. The catalyst composition of any of claims 1 - 2, wherein M is Fe and L

1s Zn and the weight ratio of Fe to Zn ranges from 1:9 to about 9:1.

15 10.  The catalyst composition of any of claims 1 - 2, wherein at least one of
M and L is derived from metal precursors selected from the group of iron(I1l)
dimethyldithiocarbamate (Fe-DTC), zinc diethyldithio-carbamate (Zn-DTC), zinc
diispropyldithiophosphate, sulfates, nitrates, carbonates, sulfides, oxysulfides, oxides
and hydrated oxides, anmumonium salts, acetates, oxylates, citrates, napthanates and

20 octoates and heteropoly acids of "d” block element metals.

11, The catalyst composition of any of claims 1 - 2, wherein at least one of
M and L is derived from a metal precursor selected from the group of “d” block

element metal salts of organic acids.

25
12, The catalyst composition of any of claims 1 - 2, wherein at least one of
M and L is derived from & metal precursor sclected from the group of “d” clement
metal salts of acyclic acids, alicyclic aliphatic acids, carboxylic acids containing two
or more carbon atoms, and mixtures thereof,
30

13.  The catalyst composition of any of claims 1 - 2, wherein b/a has a

molar ratio ranging from 0.1 to 10.



50 WO 2011/066150PCT/US20101057031 6.The catalyst composition of any of claims 1 -2, wherein
the catalyst has a pore volume of 0.05-5 mug as detelruined by nitrogen adsorption. 57.The catalyst
composition of any of claims 1 - 2 herein the catalyst has a surface area of at least 5 m2/g. 8.
The catalyst¥8#HPé8idff of any of claims 1 - 2, wherein M is selected froBf-Zit@AHH Tt and mixtures
thereof and L is selected from zinc and iron and 10mixtures thereof. 9. The catalyst composition of
any of claims 1 - 2, whererhdtigFe:abshpolsndn anshiheraaight rattowihdreidanéraanges from 1:9 to
about 9:1. 151%%?&The catalyst cqgfosition.%ang ofgl imﬁ 1-2, Wheélginta[) eastone of Mand L is
derived from g f)%’@ SH s S REEUHEIR TR GS? 8%118 i?%’ﬂ?ﬁ)g%ii e‘fﬁyldiﬁ{iggé?bamate (Fe-DTC),
zinc diethylditioigarbarid&tdd{dn-DTC), zinc diispropyldithiophosphate, sulfates, nitrates, carbonates,
sulfides, oxysulfides, oxides and hydrated oxides, ammonium salts, acetates, oxylates, citrates,
napthanates and 20 octoates and heteropoly acids of "d" block element metals. 11. The catalyst
composition of any bf.clairfise Ta] watwerepsitiaet sheodtiand L sissdersdbi oatalyshistal precursor
selected from, (e graup:oftiblPgkelemens MEA!Sali$RhQIRNICAGHR  to gil rad@of NE catalyst
composition of any of claims 1 - 2, wherein at least one of M and L is derived from a metal precursor
selected fron? thetgyfotip’ef "d" element metal salts of acyclic acids, alicyclic aliphatic acids, carboxylic
acids containing two or more carbon atoms, and mixtures thereof. 13. The catalyst composition of
any of claims 1 - 2, wherein b/a has a molar.ratio fangin ‘%Irom .1to 10. WO .
2011/066150PCT/L}é201&6%%%%%&%5’%3%9&88 85 ofaly BFAAhSFstherein the
catalystifurth@oeorepsisesdireiracienyxoxida raatetinlivwhichted fprises s mitl Hooamiore titania, on

oxide basis. 515, The catalyst 0 ﬂion fany of claims 1 -2, wherein the catalyst is used for
hydrogenatio%l%%%tu%“ ¥bd§%hq£%y50|efg§d§)(%£'at a catalyst to oil ratio of 0.25 to 4 wt.%. 16.

The catalyst composition of any of claims | -2, wherein M is selected
17.  The catalyst composition of any of claims 1 - 2, wherein M is selected
from cobalt and iron and mixtures thereof, L is selected from cobait and iron and

15 mixtures thereof, and M is different from L..

18, The catalyst composition of any of claims 1 - 2, wherein M is selected
from chromium and iron and mixtures thereof, L is selected from chromium and iron

and mixtures thereof, and M 1s different from L.

20
19.  The catalyst composition of any of claims 1 - 2, wherein M 1s sclected
from titanium and iron and mixtures thereof, L 1s selected from titanium and iron and
mixtures thereof, and M is different from L.
25 20.  The catalyst composition of any of claims 1 - 2, wherein the catalyst is
applied onto coal particles in a coal liquefaction process at a concentration of 0.25 to
5 wt. % of metal to coal on a dry, ash-free basis.
21. A process for preparing a catalyst composition comprising;
30 1) providing at least two metal precursors of different “d” block element
metals;
ii) combining the at least two metal precursors with a sulfiding agentin a

sulfiding step, forming at lcast a sulfided catalyst precursor; and
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10from copper and iron and mixtures thereof, L is selected from copper and iron and mixtures thereof,
and M is different from L. - 17. The catalyst composition of any of claims 1 -2, wherein M is
selected from cobalt and iron and mixtures thereof, L is selected from cobalt and iron and 15mixtures
thereof, and WU #Rsdit from L. 18. The catalyst composition of anyef/ &MY E lwherein M is
selected from chromium and iron and mixtures thereof, L is selected from chromium and iron and

mixtures thereof, and)M isyglitigpant o d: . 201fided Qatdipe: padalysiGompositdescefany of claims 1 -2,
wherein M is selected from ti}éniurg aﬁﬁn‘f :‘Ec% a? mixtures thereof, L is selected from titanium and iron
and mixtures BTBPEBRLAR G RSO THAF I S P8 FHrHE QARG %%iﬁ&gﬁfgﬂ%'fﬂgﬂy of claims 1 -2,

wherein the datatysfisnappliRt)Gvitp(E0p PanicTasH) s adNiyuefaetion process at a concentration of

0.25 to  wi. % of mefal 9500 81,2 Ay ASLliee BRFLS. A, ARLAPGSS R RIspaling a catayst
composition comprising: Spl’ow ing at least two metal precursors of different block element

metals; ijcomtsitaing the at least two metal precursors with a sulfiding agent in a sulfiding step, forming

at least a sulfided cafalyst;PL6CH§9%1300:-Re ent metal: MiXiNg the at least a sulfided catalyst precursor
with a hydrocarbon compound to transform the sulfided catalyst precursor into a catalyst composition

having formula (RPY;(¥W&)¢iseS Gdbeosly FEranonggiNETramhiEraidr 14 dptehslorey at least a
lanthanoid elgmgnt netal or an alkaline earth 5metal; M is at least a "d" block element metal; Lis
at least a "d" block element metal different from the "d" block element metal M; 0 <=i <=1, 0 <b/a<5,
0.5 (a-1-17)<=d<= B(&%H), G <'e <= 11(a+h), 0 <f< 7(a+h), < g <= 5(a + b),

10 O0<b/a=<5,

05(a+hy<=d<= 5a+Db),
0 <e <= 11{atb),
0 <f<=Tath),
0 <g<=5(a+b)
15 0 <h<=2a+h),
P, t, U, v, W, X, v, z, cach representing total charge for each of: M, L, S, C, H,
O and N, respectively, wherein pi+tatub+vd+we+xf+yg+zh=0, wherein the catalyst
composition has an X-ray powder diffraction pattern with at least three diffraction
peaks located at 2-0 angles of greater than 25°.
20
22, A process for preparing a catalyst composition comprising:
1) providing at least two metal precursors of different “d” block element
metals, a first metal precursor and a second metal precursor;
1) sulfiding the first metal precursor with a sulfiding agent forming a first
25 sulfided catalyst precursor; and
iit) combining the first suifided catalyst precursor and the second metal
precursor with a hydrocarbon compound to transform the precursors into a catalyst
composition having formula RP)(M")a( LY SM)AC)(HIA O )N}, wherein
R is optional, R is at least a lanthanoid element metal or an alkaline earth
30 metal;
M 1s at least a “d” block element metal,
L is at least a “d” block element metal different from the “d” block element
metal M;
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150<h<=2(ath), p, t, u, v, w, X, y, 7, each representing total charge for each of: M, L, S, C, H, 0 and N,
respectively, wherein pi+ta+ub+vd+we+xfryg-kzh=0, wherein the catalyst composition has an X-ray
powder diffraction pattern with at least three diffraction peaks located at 2-0 angles of greater than 25.
20 22.A proc&esfolséparing a catalyst composition comprising: ) providinegrat/tedsi two metal
precursors of different "d" Mock element metals, a first metal precursor and a second metal precursor;
i) sulfiding the first gneta} peegursor with a sulfiding agent folming a first 25sulfided catalyst precursor;
and iii) combining the first sulfided catalyst precursor and the second metal_ precursor with a
hydrocarbon comp&uﬁé’ {¢fransform the precursors into a catalyst composition having formula
RP),(Mt),(01,(c)d(C).8//{0x)atW)t: wiherein R is optional, R is at least a lanthanoid element metal or
an alkaline earth 306"<e§a<|£’\f) @% least a "d" block element metal, L is at least a "d" block element
metal different fromthe "d" 1 ck’ €lement metal M; 0 <= <=1;0<bla=<5,0.5(a+ b)<=d5(a + b),
0 < ell(a+b), 5 0 <0 <f(a*b)ubir.g <= 5(a+ b), 0<h < 2(a+b), p, t, u, v, w, X, y, z, each representing
total charge for eac@ of M, L , H, 0 and N, respectively, wherein pi+ta+ub+vd+we+xfryg+zh=0,
wherein the catalyst 10%as an X-ray powder diffraction pattern with at least three diffraction peaks
located at 2-0 angldsof Greaferthan 25. 23.A process for preparing a catalyst composition comprising:

p, t, u, v, w, X, ¥, z, each representing total charge for cach of: M, L, S, C, H,
O and N, respectively, wherein pittarubtvd+wetxf+rygtzh=0, wherein the catalyst
10 has an X-ray powder diffraction pattern with at least three diffraction peaks located at

2-8 angles of greater than 25°.

23. A process for preparing a catalyst composition comprising:
i) providing at least two metal precursors of different “d” dblock element
15 metals;
i) sulfiding a first metal precursor with a sulfiding agent forming a first
sulfided catalyst precursor;
i) sulfiding a second metal precursor with a sulfiding agent forming a
second sulfided catalyst precursor; and
20 iii)  combining the first sulfided catalyst precursor and the second sulfided
metal precursor with a hydrocarbon compound to transform the precursors into a
catalyst composition having formula RP)(M")(L*)s(SN)a( C™)LH IOV )Nz, wherein
R is optional, R is at least a lanthanoid element metal or an alkaline earth
metal;
25 M is at ieast a “d” block element metal;
L is at least a “d” block element metal different from the “d” block clement
metal M;
0 <=i<=1];
0<bia=<35,
30 05{a+by<=d<= 5{a+h),
0 <e<=11{a+h),
0 <f<="atbh),
0<g<=35(a+t+h),
54



i) providing at least two metal precursors of different "d" block element 15metals; ii) sulfiding a first
metal precursor with a sulfiding agent forming a first sulfidcd catalyst precursor; ii)sulfiding a second

metal precursor with a sulfiding agent forming a second sulfided catalyst precursor; and 20combining
the first sulfiliét2eEAKEtbrecursor and the second sulfided metal precurdéri¥#a%¥ydtdtarbon
compound to transform the precursors into a catalyst composition having formula

RP)j(Mt)Q(LU)b(S\Od(EMg(bIX)ﬂO))g(NZ)h wherein R is optional, R is at least a lanthanoid element

metal or an alkaline earth metal; 25M is at least a "d" blpck ele ent l: east a "d" block
clement metal diffePefitrdniVtre Y Bﬁ%ﬁ(@mﬁ%m %%8%?%]”@6 =] e&éﬂlot% Mz 5 Sca ,300.5 (a +

b)<= d<= 5(aD+ab), M, regkt(atly), hefsin Fifasb)p Ovd-grebiagt 00w rem2ia eab)yst P, t, U, vV, W, X,
.2 each eiesgring (el U3e, L SSENAT Mk B b0 B M ESgRGl peere

pi+ta+ub- vd+wet herein t catalyst has an X-ray powder diffraction pattern with at least
three diffractibf p@MmdatMﬁ’ angles of greater than 25. 24. A process for preparing a catalyst
composition comprising: i)providing at least two metal precursors of different "d" block element
metals, with at least one of the metal precursors being an oil dispersible sulfur 10containing organic
compound; and iii)cmbinthgrisesmistatpretnesora it eoRRMBEAREEAEOBMHBUN to

1) providing at least two metal precursors of different “d” block element
metals, with at least one of the metal precursors being an oil dispersible sutfur
10 containing organic compound; and
1i1) combining the metal precursors with a hydrocarbon compound to
transform the precursors into a catalyst composition having formula
(RPUMO(L)e(S ) C)e(HIAO”)oN")s, wherein
R is optional, R is at [east a lanthanoid clement metal or an alkaline earth
15  metal;
M is at least a “d” block element metal;
L is at least a “d” block element metal different from the “d” block clement
metal M;
0 <=i<=1;
26 0<b/a=<5,
05(@+by<=d<= 5(a+b),
0 <e<=1lat+b),
0 <f<=Tath),
0<g<=5(a+b),
25 0<h<=2a+bh),
P, t,u, v, w, X, v, z, each representing total charge for each of: M, L, S, C, H,
O and N, respectively, wherein pi+ta+ub+vd+wetxfryg+zi=0; and
wherein the catalyst has an X-ray powder diffraction pattern with at least
three diffraction peaks located at 2-8 angles of greater than 25°.
30
25. A process for preparing a catalyst composition comprising:
0 providing a catalyst precursor comprising at least two metal precursors

of different “d” block element metals in a solvent carrier;
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transform the precursors into a catalyst composition having formula
(Rp)iovh,02)0,)d(cwwwyoy)g(Nr.h., ) wherein R is optional, R is at least a lanthanoid element metal or
an alkaline earth 15metal; M is at least a "d" block element metal; L is at least a "d" block element
metal differe R8I ™" block element metal M; 0 <= i <= 1; 200 < b | BEIHSPEHEFB)<= d <= 5(a +
b), 0 < ell(a+b), 0 <f<=7(a+b),0<g<=5(a+Db),250<h<=2(a+b),p,t,u,v,w, XY, z, each
representing total charge fonfachofhdMalalyd; freddrRanthN, fasaactivel: widerein

pi+ta+ub+vd+we+xl+yg+zh=0; and wherein the catalyst has an X-ray powder diffraction pattern with at
feast three d%ﬁ r&%’?%?éé%&%&%tgwtﬁdté%aéfé':‘ss i%f%ia ap ﬁﬁsatﬁl‘ﬁ%%gﬁ% : B\g‘process for preparing a
catalyst compﬁf@iﬁw‘)@M{ﬁfsizf@‘?)e(ﬂx)ﬁo’bgﬁwﬁﬁ,mhareMaIyst precursor comprising at least two metal
precursors of d'ﬁe“ﬁs‘}ﬁ'('sﬁij"g%h?‘igglﬁi'%l‘?é‘ats%‘a% ﬂo%‘dsal%fﬁéﬁt‘iﬁ‘é%%rﬂ aline

2011/066150PCT/U 45a7 i)combining the catalyst precursor with a sufﬁ'gll}\g agent and a
hydrocarbon feédstock, forming at least a sulfided catalyst having a formula wherein

M is at least a “d” block element metal,
L is at least a “d” block clement metal different from the “d” block element
metal M;
0 <=7<=1;
10 Q<hia=<5,
0.5{(a+h)y<=d<= 5(a+h),
0 <e <= 11{a+b),
0 <f<=T(ath),
0<g=<=5(a+b)
15 0<h<=2a+b)
p. t, u, v, W, X, y, z, cach representing total charge for each of: M, L, S, C, H,
O and N, respectively, wherein pi+tarub+vdtwetxftygtzh=0, wherein the catalyst
has an X-ray powder diffraction pattern with at least three diffraction peaks located at
2-6 angles of greater than 25°,
28
26. A process for preparing a catalyst composition comprising:
i) providing a catalyst precursor comprising at least two metal precursors
of different “d” block element metals in a solvent carrier;
i1) combining the catalyst precusor with a sulfiding agent for a sulfided
25 catalyst precursor;
iif)  combining the sulfided catalyst precursor with a hydrocarbon
feedstock, forming a catalyst composition having a formula
(RORM)A(L)o(S ) C)e(H W O”)g(N")5, wherein
R is optional, R is at lcast a lanthanoid element metal or an alkaline carth
30 metal;
M is at least a “d” block element metal;
L is at least a “d” block element metal different from the “d” biock element
metal M;
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R is optional, R is at least a lanthanoid element metal or an alkaline earth 5metal; M is at least a "d"
block element metal; L is at least a "d" block element metal different from the "d" block element
metal M; 0 <=i<=1;100<bla=<5,0.5(a b)<=d<=5(a+b), 0<e<=1l(ath), 0 <f<=7(a+b),0<g
<= 5(a + b), YBFUWELH (3 + b), p, t, u, v, W, X, y, Z, each representing totaTchEg& i%&hach of: M, L,
S, C, H, 0 and N, respectively, wherein pi+taub-Lvd+we+xfif-yg-}-zh---0, wherein the catalyst has an
X-ray powder diffragtion jpattérn with at least three diffraction peaks located at 2-0 angles of greater
than 25'"). 20 26.A FHQC%%?; Lo&greparing a catalyst composition comprising: i) providing a catalyst
precursor comprising at least two metal precursors of di rent "d" block element metals in a solvent
carrier; i) comBidifygithe cathiystieeichsor with a sulfiding agent for a sulfided 25catalyst
precursor; iii) c%mtyrygglt&qg}jlfided catalyst precursor with a hydrocarbon feedstock, foiming a
catalyst composition having a foimula wherein R is optional. R is at least a lanthanoid clement metal
or an alkaline earth!30hTetdl@Pis at least a "d" block element metal; L is at least a "d" block
element metal diffegent.frang the f¢l" block element metal M; 0 <=i<=1;0<bla =<5,

0<h<=2a+b),
P, t U, v, W, X, ¥, Z, each representing total charge for each of: M, L. S, C, H,
O and N, respectively, wherein pitta-tub+vdtwerxf+ryg+zh=0; wherein the catalyst
10 has an X-ray powder diffraction pattern with at least three diffraction peaks located at

2-0 angles of greater than 25°.

27. A process for preparing a catalyst composition comprising:
i) providing a catalyst precursor comprising at least two metal precursors
15 of different “d” block element metals in a solvent carrier;
i) impregnating a hydrocarbon feedstock comprising solid carbonaceous
particles with the catalyst precursor;
iii)  combining the impregnated hydrocarbon feedstock with a solvent and
a sulfiding agent forming a catalyst composition having a formula
20 (RO(MYL)(S A C)(HYO)N), wherein
R is optional, R 1s at least a lanthanoid element metal or an alkaline earth
metal;
M is at least a “d” block element metal;

L is at least a “d” block element metal different from the *d” block element

25 metal M;
0<=7i<=1;
0<b/a=<5,

0.5(a+b)<=d <= 5(a+b),
0 <e <= 11(atb),

30 0 < f<=T{ath),
0<g==5a+b),
0<h<=2a+b),
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0.5 (a+ b)<=d5(a + b), 0 <e <=11(a+h), 0 <je <= 7(atb), 0 <g <=5(a+ b), 0 <h <=2(a + b), p, t, u, v,
w, X, Y, z, each representing total charge for each of: M, L, S, C, H, 0 and N, respectively, wherein pi+
ta+ubnLvd-Ewe+xfryg+zh=0; wherein the catalyst ohas an X-ray powder diffraction pattern with at

least three IifPLEABRHEAKS located at 2-0 angles of greater than 25. 27. AY8ER8E 6y bieparing a
catalyst composition comprising: i) providing a catalyst precursor comprising at least two metal

precursors 150f diffgremt vl piggkgl&aerﬁpm@éﬁtﬁzgﬂt@:ﬁ@lwﬁgé Caregit of: M) Imsre:gmatlng a

combining thE TG g FoREE Ry AT TSR AR & 2ot and S e A orming a

a’su ng adént formmg a
catalyst compasitiox- M\pngc&ﬁdrfﬁalm@fﬁp(ﬁﬂéh)n(wm AnSIIHE) @H&M@M)gémmowm@tn R is optional,
R is at least nth noi eIequ n}%t)al or an alkaline earth metal; M is at least a "d" block element
metal; L is at Teas ga d BISE ement metal different from the "d" block clement 25metal M; 0 <=i <=
1, <bl&=<5,0.5(a+b)<=d<=5(a4-b), 0<e < 1ll(a+b), 300 <f 7(a+b),

28.  The process of any of claims 21 — 23 and 25 - 27, wherein the sulfiding
agent is selected from the group of elemental sulfur, ammonium sulfide, ammonium
polysulfide ([(NH.)»Sy), ammonium thiosulfate (NH4),S,03), sodium thiosulfate
Na;S,03), thiourea CSN;Hy, carbon disulfide, dimethyl disulfide (DMDS), dimethyl

10 sulfide (DMS), tertiarybutyl polysulfide (PSTB), tertiarynonyl polysulfide (PSTN),

mercaptanes, thioglycols, and mixtures thereof.

29.  The process of any of claims 21 — 23 and 25 - 27, wherein at least a
sulfur additive is added to the sulfiding agent, wherein the sulfur additive 1s selected
15 from the group of elemental sulfur, thiodiazoles, thio acids, thio amides, thiocyanates,
thio esters, thiophenols, thiosemicarbazides, thioureas, mercapto alcohols, dialkyl
sulfides, dihydroxyalkyl sulfides, diaryl sulfides, diaralkyl sulfides, dimethyl
sulfoxides, diethanol disulfide, tert-nonylpolysulfides, dimethyl sulphide, dimethyl
disulphide, 2,2-dithiobis ethanol, and mixtures thereof.
20
30.  The process of any of claims 21 — 23 and 25 - 27, wherein the at least
two metal precursors of different “d” block element metals are selected from iron(IiI)
nitrate, zinc nitrate, ferric sulfide, ferrous sulfide, iron sulfide, zinc sulfide, ferric
sulfate, ferric nitrate, ferric phosphate, nickel sulfate, nickel nitrate, nickel phosphate,

25  mnickel acetate, and mixtures therecof.

31.  The process of any of claims 21 - 27, wherein a sufficient amount of

metal precursors arc provided for b/a to have a molar ratio ranging from 0.1 to 10
30 32, The process of any of claims 21 - 27, wherein M is selected from iron
and nickel and mixtures thereof, L is selected from nickel and iron and mixtures

thereof, and M is different from L.
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0<g<=5(a+b), 0O<h<=2(a+b), p, t, u, v, w, XY, z, each representing total charge for each of: M, L,
S. C, H, 0 and N, respectively, wherein pi-Eta-Eub+vdtwe+Viyg+zh=0, wherein the catalyst has an
X-ray powder diffraction pattern with at least three diffraction peaks located at 2-0 angles of greater
than 25. 5 WO2811M461focess of any of claims 21 -23 and 25 -27, wher&nTtHe2EidMg agent is
selected from the group of elemental sulfur, ammonium sulfide, ammonium polysulfide (NH4)2S0,
ammonium thiosulfate ((NH#)25283)bRedivmthiasulfate/NaRS203) thiolweeaiGBM2H4, carbon
disulfide, dimethyl displfide M[))Pfslr?, di Vetrh}éIS’}OSu_ll‘i_d?é]%MS), tertiarybutyl polysulfide (PSTB),
tertiarynonyl??&@és&ﬂﬁ &P DR ABTEREs thiSgTy oIS Ah RISk ATSS e rES ™ ™58, The process
of any of claithsF, €23 &hd aBfe2ht frheréin at least a sulfur additive is added to the suifiding agent,
wherein the sulfur additive is selected 15from the group of elemental sulfur, thiodiazoles, thio acids,
thio amides, thiocyanates, thio esters, thiophenols, thiosemicarbazides, thioureas, mercapto alcohols,
dialkyl sdlfides, dihydroxyahepsutfdes adiapylcsuiifislés - didralsicsulfide selgmsetfiprsulfoxides, diethanol

disulfide, tert;gonylnaiysylises. dimatidsyiphide.dimathvAisnhids i22-dithiabis.gthanol, and
mixtures thereof 20 30. The process of any of claims 21 -23 and 25 -27, wherein the at least two
metal precurdtsisadt efefenEesrdroBldment metals are selected from iron(111) nitrate, zinc nitrate,
ferric sulfide, ferrous sulfide, iron sulfide, zinc sulfide, ferric sulfate, ferric nitrate, ferric phosphate,
nickel sulfate, nicke] nitrate, nickel phgsphate, 25nickel acetate, and mixtures thereof 31. The
process of any of ctams é‘iﬁ?é’??%ﬁ%?%ﬁ%%fﬁﬁéﬁ%%iﬁ%uﬁiﬁﬁ%é fﬁ‘é%%ot%lﬁre provided for lila to
have a molachasiaitanghddrfromditeuls. tBa32f Thés pehcessiofmpjroftiaimsitor2dhdvherein M is
selected from irgn _a‘nt(ij1 ni@cl;eellﬁ %es ﬁl%gre f, L is selected from nickel and iron and mixtures
thereof, and M1s different from L. So11/686150PCT/US2010/057031 33. The process of any

of claims 21 -27, wherein M is selected from copper and iron and mixtures thereof, L is selected from

copper and iron anggnixtuia% ﬁtb%%%ﬁ%gi M &%aﬂlﬁei?%ft%%m M %%Jél‘fe@ﬁ?&ﬁss of any of claims

21 -27, wherein M is selected from cobalf and iron and mixtures thereof, L is selected from cobalt and
iron and mixtUiEEURERSbROAHE MK EiFe tBHERo I8 sclectedBomiapignass GPamMpdf claims 21 -27,

whereim M is sglectedhfrepr aahremivimand #om and mixtures thereof, L is selected from chromium
and iron and mixtures thereof, and M is different from L. 36. The process of any of claims 21 -27,

wherein M is selected from titanium and iron and mixtures thereof, L is selected from titanium and iron

and 15 mixtures theygof, ang Mdscdiffgrant dfamitns 21 - 37, Whednoaass okany, of Dhainds 21 -27,

wherein M isge n%L IS Zq and.Fe : Zn has a ar 'i%t-if) ranging from 1:10 to 10:1. 2038.The process
esigf ! ? .

of any of clai S4: MPérem HE FER S hation

ormation into a catalyst composition is at a temperature of
100- 400C and a pressure of 0- 1000 psig.

20 38.  The process of any of claims 21 - 24, wherein the transformation into a

catalyst composition is at a temperature of 100 - 400°C and a pressure of 0 — 1000

psig.

39.  The process of any of claims 21 - 24, wherein the hydrocarbon
25 compound is selected from the group of is naptha, decant oil, diesel, VGO (vacuum
gas oil), light gas oil, MCO (medium cycle oil), light cycle oil (LCO), heavy cycie oil

(HCQ), aromatic solvents, and mixtures thereof.

40.  The process of any of claims 21 - 24, wherein at least a surfactant 1s

30  added to the hydrocarbon compound to form the catalyst compositior.
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39. The process of any of claims 21 -24, wherein the hydrocarbon 25compound is selected from the
group of is naptha, decant oil, diesel, VG (vacuum gas oil), light gas oil, MCO (medium cycle oil), light
cycle oil (LCO), heavy cycle oil (NCO), aromatic solvents, and mixtures thereof. 40. The

process of aP3P RS D1 -24, wherein at least a surfactant is 30 added fd the2tipditiEatbon
compound to form the catalyst composition. WO 2011/066150PCT/US2010/057031 41.The process

of claim 40, wherein the swHagtardsisoselertefonrdin contaitiogargaiccaddibmes-P-containing
organic additives,. sulfur-containing organic additives, and mixtures thereof 542.The process of claim
BT

40, wherein HEEHE AR 24 cr?{]{ﬁléu&?bﬂﬁag%ca?g SAGeRE ] egorég/aé?mgllphatlc amines,

polycyclic aliphatiicaditesscarbexylicaaidssalkyl sulfonates, phosphonates, alkyl oxides, and
mixtures thereof. 43. The process of any of claims 21 -24, wherein at least a sacrificial iomaterial is
added to the hydrocarbon compound to form the catalyst composition. 44. The process of claim
43, whergin the sactficial Fhatendatds Jeallsdte drotethie rosip ot ture it from dhddes, Al203, MgO,

MgAI204, zeglites o@i?&ﬁﬁ%%{ﬁﬁl&f calainashkarlinlay, Wapia AciNgHaatbaRmearbon black, and

mixtures 15thereof 45 T [I)rocess of claim 43, wherein the sacrificial material has a BET surface
area of at lea&a0KYDIRy25H: éllﬁta%@@t@folﬂhﬁ’é%P%@a@@l@%dé?n% DiEREF BRI cess of claim 24,

wherein the oil dispersible sulfur containing organic metal precursor thermally decomposes, releasing
sulfur for an in-situ sulfldatl n of the metal precursors. 47. The process of f claims 21 - 23
and 25- 27, whereiftthe at! B S ffflg@ﬁé?org%f‘?ﬂli’ﬁ@é‘rﬁt laagbﬁ)ﬁ?rafné%%nt metals are
selected fromnaickel Raghtdesdie hitastarhodituimpadid mafertitanyhslitatenzposiadayl dithiocarbarnate,
zinc  phosphorodithioate, zinc mercaptobenzothiazole, zinc dibenzyldithiocarbamate, copper
dithiocarbamate, manganese acetate, zinc dialkyldithiophosphate, and combinations thereof. 30

48. The process of &hy of Tlaime2ds 3 laivd £% vdzrsimthemanies mastisds wetalegrecursors of

different "d" %gpé(tﬁée tdp%@g&g{%ﬁtgﬂé@r& r@n(Mt)gdjlm%] |t%gﬁgegbamate (Fe-DTC), zinc
diethyldithio-car amaé %% DTC), and zinc diispropy dlthlophos ate (Zn-
microspheres of calcined kaolin clay, titania, active carbon, carbon biack, anu rrnxtur&s

15 thereof.

45, The process of claim 43, wherein the sacrificial material has a BET

surface area of at least 1 m%/g and a total pore volume of at least 0.005 cm’/g.

20 46.  The process of claim 24, wherein the oil dispersible sulfur containing
organic metal precursor thermally decomposes, releasing sulfur for an in-situ

sulfidation of the metal precursors.

47.  The process of any of claims 21 ~ 23 and 25 - 27, wherein the at least
25 two metal precursors of different “d” block element metals are selected from nickel
naphthenate, titanium dithiocarbamate, titanyl sulfate, zinc alkyl dithiocarbamate, zinc
alkyl phosphorodithioate, zinc mercaptobenzothiazole, zinc dibenzyldithiocarbamate,
copper dithiocarbamate, manganese acetate, zinc dialkyldithiophosphate, and
combinations thereof.
30
48, The process of any of claims 21 — 23 and 25 - 27, wherein the at least

two metal precursors of different “d” block element metals are selected from iron(HI)
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49. The process of any of claims 21 - 24, further comprising adding at least 5a lanthanoid metal
compound to the hydrocarbon compound. 50. The process of claim 49, wherein the lanthanoi.d
metal compound is selected from the group of neodymium neodecanoate, neodymium naphthenate,
neodymium W&anHeAELdymium 2,2-diethylhexanoate, neodymium 2,2F ¢80 IREPInoate, and
mixtures thereof. 51. The process of any of claims 25 -27, wherein the solvent carrier is selected

from the groumefialcohelsakatanesraloalnydes  cikie agithicalpxylic A2 Tatehdntmixtures
thereof. 15 .. 52. T@e ro es%of tgF,laims 21 -27, wherein at least one of the metal precursors
is an organicdﬂfgﬁcﬂ?% H@?ﬁf’ﬂ% B?o%@ ?:my of claims 25 -27, wherein the hydrocarbon
20feedstock is a heavy oil feed, and wherein the catalyst precursor is combined with the sulfiding

agent in the heavy @il feed.for an.in-sify sulfidation of the, catalyst precursor, ... 54. The process of
claim 53, wherein thg'in-s?gueﬂﬁﬁfg‘%igﬁ%gycarr?eg%ut at a’tempgraturg }?aln%ing ?rlgr% aer?i ient to 500C, a
pressuresfrorn lantibieeit tm 2800 pshia @ lidgithidsenybspacapelssity of 0.05 to 10 h-1, and hydrogen
gas rate from 200 to 15,000 SCF/B. 55. The process of any of claims 25 -27, wherein the

hydrocarbon feedstock comprises solid carbonaceous patrticles, and wherein the catalyst precursor

30is combined withthe sulfidingesent ait4S: yaorefcdmihresongtebsaonaerdiis particles in a

coal liquefactigpcreaaian foE arvifrsitdlidakion iithecatalysbarasursakpiiehate,
2011/066150PCT/US2010/057031 56.The rog claim 55, wherein the in-situ sulfidation is carried
rT

ess of
out at a tempERSRIFAVSE AFEALT B0 A é"éﬁﬁ‘ﬁﬁﬁ%ﬁ%dﬁ@éﬁﬁ@-% 0 psig for at least 10
minutesii557didie, rgeasaief anyoieladstsc2sof 27, wherein the sulfiding agent is added directly to the
catalyst precursor for an ex-situ sulfidation of the catalyst precursor prior to combining with the
hydrocarbon feedstock. 58.The process of any of claims 21 -23 and 25 -27, wherein the at least 10two
metal precursors ofsdifferéiite"ptobtsskfetenmdint et 315 -até. selectedeondicoh¢ityieitirate, zinc nitrate,

ferric sulfide, ferp é&sﬁ%%ﬁéﬂ%’#@g) ?s%'%ig&ﬁmégﬂé,eam%ﬂ' sulfate, J@f&i%ﬂ%@&%ﬂ%m&phOSphate,

nickel sulfate, nickel nitrate, el phosphate, nickel acefate, and mixtures théreof.
water, and mixtures thereof.

15
52.  The process of any of claims 21 —- 27, wherein at least one of the metal

Precursors is an organic precursor.

53, The process of any of claims 25 — 27, wherein the hydrocarbon
20 feedstock is a heavy oil feed, and wherein the catalyst precursor is combined with the

sulfiding agent in the heavy oil feed for an in-situ sulfidation of the catalyst precursor.

54, The process of claim 53, wherein the in-situ sulfidation is carried out at
a temperature ranging from ambient to 500°C, a pressure from ambient to 2800 psi, a
25 liquid hourly space velocity of 0.05 to 10 h-1, and hydrogen gas rate from 200 to
15,000 SCE/B.

55, The process of any of claims 25 — 27, wherein the hydrocarbon
feedstock comprises solid carbonaceous particles, and wherein the catalyst precursor
3¢ 1is combined with the sulfiding agent, at ieast a solvent, and the solid carbonaceous
particles in a coal liqguefaction reactor for an in-situ sulfidation of the catalyst

Precursor.
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36. The process of claim 55, wherein the in-situ sulfidation is carried out at
a temperature of at least 200°C and a pressure in the range of 300-5000 psig for at

least 10 minutes.

57.  The process of any of claims 25 — 27, wherein the sulfiding agent is
added directly to the catalyst precursor for an ex-situ sulfidation of the catalyst

precursor prior to combining with the hydrocarbon feedstock.

58 The process of any of claims 21 — 23 and 25 - 27, wherein the at least
two metal precursors of different “d” block element metals are selected from iron(IIT)
nitrate, zine nitrate, ferric sulfide, ferrous sulfide, iron sulfide, zinc sulfide, ferric
sulfate, ferric nitrate, ferric phosphate, nickel sulfate, nickel nitrate, nickel phosphate,

nickel acetate, and mixtures thereof.
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