Hydr opr ocessi ng Bul k Catal yst and Met hods of Maki ng Ther eof CROSS- REFERENCE
TO RELATED APPLI CATIONS This application clainms priority to US Patent
Appl i cat iwo 28ewdeadsoNo. 5 12/ 625, 368; US Pat ent Appl i catrceorusdaniosto3iNo.
12/ 625, 382; US Patent Application Serial No. 12/625 394; and US Pat ent

Appllcatlon Serial No. 12/625,399, all with a date of Novenber 24,
2009. TECHNI CALHFP'ELIBOE‘E?PW@ﬁ““F@t?WMﬂq Wﬂr(&S&fé@a jBEdhsreof to bul k

catal ysts for use in the conversion of a hydrocarbon feedstock such as
coal, heavy oils and residua, and nethods for making the bul k catal ysts

t her eof . BREKQFREFEREBKHDT@ImﬁeAﬁEDUﬂHHJQATKNE&ry is increasingly turning
to heavy crude res s and ta n as . .sour r feedstocks.
Foedst onke. der ThisdoplgHoRREeES RaRTY FLIPaT TR ersl 8osul fur and
nitrogen thans @@@G@s p%@t ASSlickBsh SEUNNIDT £/689, BS’@FIES PRRht ApHARHSN | S,
requiring a considerabl e anount of upgrading in order to obtain usable

product s Sﬁ@ﬂéﬁrd%%2Tﬁ§4upgﬂ£ﬁPm@nb$mﬂeﬂﬁm1 gial Noad 20apLIS édvillya

20hydrotr ess treating with hydrogen of various
hydrocarbg? E%g fgﬁ @F %@g’heavy feeds, or feedstocks, in the presence

of hydrotreating catalysts to effect conversion of at |east a portion of
the feeds, or feedstocks to | ower nol ecul ar wei ght hydrocarbons, or to
effect t hd ECERICAL BEELdhwant ed conponents, or conpounds, or their

conversion to j o e 3] Sulfides of
"d" blgck neta[ e?eEﬁ%?QB%E&}%EH%Qgﬁ%EPQQ#ggFg%ﬂﬁ§§§§ é%ﬁﬁﬁgbd in the

| i quef act catvesfiorcal Dipriacecis foatseickalich suwial, asawgodls.antsesrhtagmid No. 4441983
di scl oses the use of .an a%t vat?d zinc sul fide catalyst in the formof a
zi nc sul f M§Eods fof makipgthe dytkagatalystythereohenet i ci ated ore. Iron-cont ai ni ng
conpounds such as pyrites (FeS2) and red nud (Fe2 03) have been di scl osed
as catalysts for coal 30hydrogenation and |iquefaction processes.

[ 004] TheBAGKGBROMBEA f or inproved catal ysts with optimum norphol ogy,

structure and | oved cat al activity.for high el d conversions. There
Ts a4 & noed 0B YR pBH S BE bubethingtt pth Bl G F Y G0 use 1 n
the convegsd|9mdohr §R8YYs Quts FFeE R /Y Feedfbeks A¥BRd o tRlsahesyt 0 a novel
bul k catal yst based on sulfide(s) of "d" block metals for use in the

conver si omatﬁrrlalsecmymmmlose ahigr prdigoacn Banvigseyods deHEed NYENTPICGN 5[ 005] | n

one aspect nti,on rel.ates to lurry .cata 1 GO sjtion having
O oeobt abomaflichal BXER blIS e AL §RarPucfe ShRan R Lpebe 3P AR %s at | east a
"d" bl ockobtinmable Heddults thertfodt The@sdrading dr relfinfgkis emm‘tshemai di fferent

fromthe "d" block elenment. metal M R is optional and in one enbodi ment, R
is a Pant hudeirertioganeqesses . catraating with hydoggn pf garious hgdrogargoy fragtiqgs<= <=

E( g) + B? to?vvg?l%\;l,ea\\rk;}\éeéé}’sfg? fegc}sqg%l‘((f{]ﬁ'thg 1@1%3&1)06 oth&o&eatﬁ%%afﬁlﬁ)s’too <h <= 2(a

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, Os) 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+ta+tub+vd+we+xf+yg+zh=0. |In one enbodi nent, the
cat al yst wexoamestsnay powder diffraction pattern wth atrcClrasseionbrse
diffracti on peaks |ocated at 2-0 angles of greater than 25. 15[006] In one

aspect, ere i.s provided pr ocess for e i a conposition,
whi ch pro %%Oééﬁgrl FSidNg- t lgr%@nérla%ﬁporﬁr 598% AR L%ﬁéoai fferent
metal pr e%ﬁé&%ﬁopfd” b@ock%&% & RIEhe WBE @ SolbE Hlea%y%ﬂk fhdiRQuagent form ng

at least a sulfided catalyst precursor; and 1i1i) mxXing the sulfided
catal yst precursor with a hydrocarbon conpound to formthe catal yst

conposi ti (nt)a(Lt)b(sv)d(cw) e(Hx)J(oynNz) h

In one engﬁawokﬁlﬂﬁﬁgvﬂ@ursors are sul fided, either separately or
together in onfesyem one aspect thQr¥enkiBn 2819 HRY a ﬁﬁ]ﬁ?@&t&lyﬁmdsﬁloﬁr ovi ded a
process for preparing a catal yst conposition, which process conprising the

steps of pravg diforguda: (RééM )aﬂV\b(SfDai(@ek@hM%hTf)h,ml@E@ﬂé\éﬂ%até@S‘f d“d’bl ock
el ement ”ﬁfo"é‘ﬂ% Wt Igef%l 1 &3P feaQe: debloclll léi@én"%‘ e%ﬁ%r Off'érgﬁrﬁson%?rhb%"’ng an oil

di spersi bl'e su ur cont’ai ning organic co e net al

precur sor sloek ennenhméraomm l’d)pﬁ@ﬂial @t ch otrw@ﬁbddeﬁeht; R@NS 1a:ﬁt1fahm@| ent for the
oi | drspersrble sul fur contarnrng organi ¢c_ionic conpound to thermally

deconpose¢lemepsigshi § ard for Thd-S@ T Phat Ao ofe t hk Oret aT Iptaélir sor s,

formng t t
(RP), ‘?ﬁ ) g((%Lt ) b?(ls¥?d{)c<ov\§p ?&% ?72 @%I%)Jhle%(% %%atl’ n Yet *anot herh aspect, there
is pr ovr deghrasemimpctoms cliape forepdr ofngMaL.cCRt(@IH, ) ambNprespdctioelycohqeinsi ng

rovi ding a catal yst cur o th at, | east two ur sors, of
grfferen?p‘éa StRverihisnt nétﬁ%ﬂq%ﬂ@%r%ﬁrcafgﬁrﬁ&spnﬁﬁéwwm ng the
catal yst Egﬁ&&{o%q{aft@ﬂnt\lﬁt@aﬁ%si ﬂﬁ'éé’glf?‘é&wn 1?6@95 Bc&X&'BPX@ RORs begdskrck,

formng t cat'al yst conposition
(RP), (M, (Hau)2b(. Sv) d(O, (Hx)/(031) g( Nz) h. In one errbodr ment, the sol vent

carrier is sel d fromthe rou | cohol s, ket ones, aId des, citric
aci d, tar boxyrf icira%ne %a?%f et pl‘mvréaedraé%%eﬁ%@éareprﬂn%h@atéhe%d. ment, the

m xture OEorﬁﬁés@tlrdﬁs%vthhe;ﬁHée%QEomﬁlﬁngﬁﬂe‘é?e% of &ihbifilng! a8 1 EIRWRYEHerbR

5i mpregnate coal particles as the hydrocarbon feedstock t hen the coal
par ti cl esmcmppagnavediWdt hlockelcomntingtis pitles sulfiding ageet fomgraehtawat h a

sol vent t he cat aI recursor o the cata conposi tion of
Che. 1 or it dggsl P ARt B o R P SRR e R Descra PTI O
OF THE DRINMBEEBbon compoun8lto Fdrfithe cdtalyki désipodites of iR folfig: | nvol ved in an

enbodi ment” for pr eparid?(gw)t he cat al %st conposition with at | east a sulfiding

step. 20 (ROWALIHS A QBN es Imong embediment, hothareipldrequisswis nent t o
prepare t yS iti st a sulfiding step. 15[011]
Figure 3 |Q uﬂia‘r%g’teel%lef%re@%?ee% r%vofglhmgne S{aegnot her enbodi ment to prepare

the catal yst cpooipsii amhosatpect, hlﬁarmqﬁbvﬂé&@pfo%egsfob@iengm:‘gw dataled
separately. 12] Figure 4 illustrates the steps involved in one
enbodi menfOPRASitiie HAHq hrrgoreﬁéC@‘apraﬂr%theémegpw&mgméraér e HEfCEE £ i dat i on

takes plagRed Brécﬁ&ofs&ﬁ‘”ﬁ*’ BloARE] e%n?fn@ﬁis, with at least one of the metal precursors

25  Dbeing an oil 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: (RP)(M")(LH)s(S")a(C™)e(H)AOY)o(N)y..

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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[13] Figure 5 illustrates the steps involved in another enbodi nent for
20preparing the catal yst conposition wherein the sulfidation takes place
i n-situ, wpaniiowatsact with a hydrocarbon conpound. PCT[UB4Q10/65981r € 6
illustrates yet another one enbodi mnent for preparing the catalyst

oavy ol | CHEgH cognpotay oFfiguban (RDGERa 65 S ahbbet RO~ 6 O opar i ng

the catal ¥1§Bo&iﬁﬁﬁp§ﬂééo%n¥\@ﬁﬁ&' i sa@&e@%tttﬁ@gto% o'f%i&%ﬁol@lk%&ﬁlekn situ upon
contact wth a heavy oil feed and a sul fiding agent 116] Figure 8

|Ilustrate@ﬁmmb&hemw@n@.anbmqﬂmemumtwwﬁpme©anMngmnhEaﬁathim&t conposi tion
with the us al cohol as a.carr,i with the sulfldatlon

1
30t akes pﬁlg@%(ﬂpﬁn IR R o e v i RS sy B hULBY Ll | ai g

agent.s  impreglatd bodfp@icRs 9s tHeliyatdcaiRa ry@ktoaR Ahdieihe @04 parkedi nent for
preparlng t e catal yst conposition wth the use of an alcohol solution, and

wher ei n t Hepregnai¢d with proccatalsss pragisspisrase pambingd weth@ selvest, convicdingi thg a
cat al yst §it5'1¥ét Juré)ortuﬁ]tt? t§eew¥s¥§mg8§1%® ?Ft%é’ oRlula, UPQr ade process.

[ 18] Figure owWs rac e pattern of an enbodi nent

of a Fe- zayme5pasg@;ggrauﬁsy(ﬁg@p©§ut|on synt hesi zed from oil-sol ubl e

5di t hi ocarbamate salts. 19] Figure 11 shows the powder X-ray
diffraction pattern of the catalyst in Figure 10, after a test run (as a

spent ;gat PEQH ¢ a graph showi ng the changes in
t he nl@rog?gﬁﬁgﬁ%¥ggFEth%%%£ Rﬁ%ln varying the Zn to Fe + Zn wei ght
ratio. 10[021]UﬁwmuFe;mélﬂhmﬁﬂmtﬂem&msaphh&ﬁommmgnmh@nﬁmtﬁtpnmmhn@ bet ween

t he hydro en t car bon. nDIar 0 relative to the Zn to Fe + Zn
wei ght Cgat SQTRRRSit @Nasu dngs“m [022] The followi ng terns

wi Il be USEd t ml@‘t}'gb%‘&}e 3 NRiIsBREEH tﬁa%?atrﬁ Qf‘a ?é&gnéf"btlnt)odllﬁﬁﬁﬁ’t% de&jfard @kl owi ng

meani ngs unl ess ot herw se i ndi cat ed. 01] used here, the term "bul k
catalyst"Cﬂawmbenu@@donNméwﬁhamgeaﬁﬁwngﬂmp "unsupported catal yst," neani ng

t hat e cat al c i s NOroft e .con t|o catlystform
wh e hes o o L) SRR U SRetES iR TroS a5 R DR S Yated w th
met al s Vi prepARItBOSaklyQofHoHane Siith tROmEal leydisors lefghulfidegatmiratsly. | s 20a
di spersing-type catalyst ("slurry catalyst") for use as di spersed catal yst

particles in mO2hr Bigyfe 4 ilpsiretes Begteps p@hwdan bancwbedimentfop pepamtndi ment |
the bulk ﬁl%tc%{:aé;% é}tﬁ%cts%qgt?\g%é BLQHAR I RES G 3%1&%&? el s it h%t ?%gﬁ%tlo%@ng)dl ent,

the bul k cata i 'ncor pora 03|t|on
In yet anotherUﬂﬂmodhgﬁeﬁ1ﬂﬁﬁﬁmﬁmh&mq&bﬁhns&th&mbﬂkﬂEMbé@ﬁﬁhﬂﬁtaI conpounds

and WIZ(E hog;epaarqgg t?lle Iggtglyst 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.

[016] Figure 8 illustrates another one embodiment for preparing the catalyst
composition with the use of an alcohol 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] Figure 9 illustrates yet another one embodiment for preparing the

catalyst composition with the use of an alcohol solution, and wherein the catalyst



25[002] As used herein, "heavy oil" feed or feedstock refers to heavy and
ultra- heavy crudes, including but not limted to resids, coals, bitunen,
shal e oi IwQ 2aro6eEnds, etc. Heavy oil feedstock may be Ipcgaisdoiosstost sol i d,
and / or solid. Exanples of heavy oil feedstock that m ght be upgraded as
descri bed herein |nclude g t are not Jimted to Canada Tar sands, vacuum
resi d f 1 oREFAOY IMPHNTe e Bl DERLEfARt Sy gPpta REnECHobt  Suez,

Chad, Vengzuelamn, pd{d'e?rod\ggg‘aysi a, and Indonesia Sumatra. O her exanples of
heavy oil feédstoCk include bottomof the barrel and residuumleft over

fromrefinery pHé¢eEmmss 10 stomsdhapowdatX-oan dffrachen battarebf amnd " r esi duund

(or "resid") -- a heric .tower hottons, .which have boi.li oi nt of at
| onst | 343embodEsRl G 2) b Gy sOPPIo SHERRd fereotsstTr Ry poi nt o
at | east @RKiGearbSAREsdlts. Or "resid pitch" and "vacuum resi due” - which have
a boiling point of 524C. (975F.é or greater. , [3] Properties of heavy
oi | feedstock HHY]i Keduodkl sheuts tag @owder Xitay ddfraction itam aftheeatalpsisn 0.1, at
| east 0. 3. Or 1. VisSCcQSi f at least 10 cSt; APl gravity at nopst
15 in oneF}vgr%eogq’r?ggfgegtn ngjils an%%%{%ﬁ}lsrtl‘anot her enbodi ment. A gram of heavy

oi I feedstock {0200 calduye tORtgirish dowigase cBarROIn GE afiBrodfarfdnMedidue at | east
0. 005 grans of he(;t eroatons; at least 0.01 grarrs of resi due at | east 0.04
grans C5 EMdpRaMterds varting Bgn to Foolywaibi GfioMCR, per gram of crude; at

| east ;0. 00001 : ' : f ; ]5@{5, ani ¢ aci ds;
and at1 6)I east Ow&gg‘s gggglﬁil%%%ghﬁhfﬁ@%% %ﬁgjﬁlgg gfr%gglﬂrgr%%p t gerﬁ%lgvy oi |
f eedst ockhhdregan teuwlafbon (Elod) mokar oftioatlatieawtthd Zatto Féo+adrdweightMetiogr avity of

from-10 to +10. [4] In one enbodi ment, the heavy oil feedstock
conpri ses Athabasca bitunmen (Canada) having at | east 50% by vol ume vacuum

resid. | npanoiiped phseppedigrent, the feedstock is a Boscan (Venezuel a) feed
with at | east 64 % by vol unme vacuum resi due. In one enbodi nent, the heavy

oi | feedstock BBAlalhsfalowieatrmd @dll pprsed thpeghgt dim specifieation apid|will
feedsﬁﬁckh. ItB ?g t her enbodi m?nt, the. V.l gv Id ranges between 500 and 1000
oom T andyi PeTdinpali mERpReL v RNt i figaicd 5] The term
"treatnent," "{oaat adused BRAMBIRM “bURIAANNOMan e ulQ iHREhasedbly When used

in conjunction with a heavy oil feedstock, describes a heavy oil feedstock
that is bwithgussuphecdensdysiibnesatnedhatdhegainlgpreoawesitiag is NP Tapftksul ti ng

mat eri al ; havi ' ' I |_ar. i ght of
the. heavy ST FRREBARFEUN Torm BRI - ARHELA SBalel AABpERRBOARIA: *The
heavy oi | tHegéolstcd OKth rActag ditcinipRegatiof Beddobitienicaalyson Tk tasphwdiyanes, a
reduction in the concentration of 25hydrocarbon free radicals, and/or a

r educ®? on? dipeismedypheatalystdrslimp eatplystekior yscts dpesscalyshpatigge®  oxygen,

hal i des, : u : y oil feeds
P a?ﬁ&u{%@ éd d(elgé,rhg.drc[cgilbo-ﬂ%?l 1Y) "oﬂéj Qm%dlhlreﬁf?rt k fotal §4Y

in as "hydroprocessing.” Hydroprocessing is neant
as any pr toesd tlithagh precipaatiore dnandthenerhbrelippe s the dallodatdlyd hege bindemcl udi ng,

but not limted to, hydroconversion, 3Qhydrocracki . _hydr ogenati on,
Py of 1 eal THEOHYBISLS SRR SHRTOIo By BBRIET SBHHEIeDh e bulk |
hydr odemetghiyatit eitmel ¥dnpARA esmbd R 'aﬁd['witﬁb!ﬂra(ﬂz%%f.' zation, hydrodewaxi ng

and hydrocracking including sel ective hydrocracking The products of
hydr opf ocessi nf)Rhy Asowd harpinovhedvwoigtissi o Bsdstodkststas toyhcamgpedslirasat ur at es

conLem gt SIRSTAL S PRI HUES o YRURL LR Sy Rl gl on L

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, Venezuelan Zulia, Malaysia, and Indonesia Sumatra.
Other examples of heavy oil 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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conpounds that when in the presence of a heavy oil feed and a catal yst
react to 5 provide hydrogen. [023] As used herein, the term
"surfact amD20(10mb15be used i nterchangeably w th "surfacepattisc@oagmat |, "
"stabilizer, or "surface nodifier") refers generally to any material that

oper at es Low the surface tension.qof a liquid, thus ippraoving the wetting
at the i nﬁéﬁpﬂgb_@r Hé‘m@bmeﬁéotmrgiaé\fqgéhhaﬁ%w&s ReSPOT f Betaad Ghe

hydrocar bagys309id it RicRehA Y €la¥u@h rdsiuSOTRIHIA hRR 2 HoltheSiYideastt ant oper at es
to lower the surface tension between the catalyst material 1 n suspension
and the so6l4’€nt975 Bpbugicatar.i n whi ch the catal yst material is suspended,
thus in one e imgnt the rfactant allows contraqglled and di spersed

| ayer ng of ¢ B0k BRpstnes af Ry et iirafoek ek GR0SF RehdE ROHrRRETt ne

cat al yst manNesf Rllcasd®l 0d4dastS 3 Usiell 18T Bivibcodifiofta® Idabt 1033SH ABL gridVi@eur sor ™

refers to a conpound containing one or nore catalytically active netals,
f r om whi cht Bestgéumane erabedimanty end #aesid 0 imandtgremibgdiment. A gram of

(RP), (mt) a( L) b( e J ) hSn €V : or whi ch
Compound Reyro it SEbASH BT RAOR 10 o by GHE UEM T TR BB e

cat al yst pre@gswiheferextdm)at lcagrisd ogramblo€rdsitue dt hastapdAgyats 68 a chemi cal
reaction with 20one or nore reagents (such as_sulfi digﬁg and/ or reducing

agents, eayhaltenpsrasdeast 0.8 rags M AR P Shybpiow cpiric# 8i00RY. araPor via any
ot her sui (Bl & IBREIRYF ohS UPHlo?esorgg'rﬁE g@ig%.taﬁgﬁfl@?s%’ooﬁ%kﬁs' éf{sglggllt rmal
or &ny co of). [

treatnment, pressure treatnent, i nation ther used
herein, tbee ghbabmetitpthe heavnoit &edftoclohas aadulfueastterné anlkhst Wven?2mdused t o
preface seﬁrpil elengrfjts [ clgﬁses of elenments such as X, Y and Z or

Xi-X., Y12 gV 07iom J0i t0'dfed to refer to a single el ement sel ected

from X or Y orgh ahP&i’ébé'nE'@cIdiirﬁ&ltiOtfhe%ﬁ%ﬂf Red8b&CLRthrisEORHaBR cgaMe common

class (such as X1 and X2), as well as a conbination of elenents sel ected
from di f f bitemen (Tasdadagmgahleast Yy biygolamd vApyunXresld. anehothdiere are sinple

meant as ex | es, f.or.expl anation h .30 6], SCF /[ B r scf / bbl)
refers toe@%gﬁme%fhesfteﬁqﬁ%%fids 3&9?@“&&%@2&3 gﬁesehm%l:atllﬁspg %’ Y per barrel of
hydr ocar bogluhReMcuum residue. InloAémbBinkRRE, iteschdavy 3Rl feedsRicRb@dink @t herein is
t he Tabl e approved by I UPAC and the U.S. National Bureau of Standards, an

exanpl e i ¥asthdOpen Ydper graploé hegvytrkicpdssopknt dn pyothersemodirpentne Vonal

Laborat ory! .St Wi S . gy "d" bl ock

el enent s ¥eg§ %rf%gégbét%%élngtoé ao?qp %@ﬁg&?@%%ﬁﬁ%\%rg?%i %lﬁf\aﬁteb(c?}ﬂéjspu | evel of
the atomis be[00gd]f Tht edms Exeapkas’ ftrataddeupgraddi, 'upgrading” Md, Fe, Co, Ni,
Cu, and Zn. . [29] Lanthanoid (or |anthanide, or sonetines referred to
as raf® eathigrdedevdirgnised megoapuncion wethpibepwesil &cdpdt describehahesayi odi ¢

Tabl e wi t b 2l QL€ ﬂﬁmgfegt?}tz htapBQéﬁgbjﬁgj%éted 19 hgcﬁgkroéﬁsin]gg&saol%glﬁhﬁ e" conpound

means that the conpoun ters or di sperses | ormng a di spersion.
I n one enbathirimbot cruddyerodudt, ldivinpes sidbétendomxomolktculsr weighsal thdheavwtuiilc h
di ssol ves fe% gtgckt,)%irg(glcgor)l( ?19 th\é\libtoﬂin%iploint 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
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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[31] Catalyst Formula: In one enbodi ment, the catal yst conposition as
expressed in elenental form is of the general fornula
15(Rp) , (whaplirgsb(sev) d( cw) e( Hx) J(oyniNz, h . ) The fornul achamseéw/osmBers to

t he catal yst solids constituting the catalyst slurry in oil. In the
equation, Mand.L each re resents at least a "d" bloc ﬁl ement fromthe
Peri odi ¢ YHBPWYdiglifcsasatigatcs gpntcyy, lopy tempgratysg PTOCESI’UGNV HYEH 2Bhd M i s

di fferent yf g OMAtioR kS optional. In one enbodinent, Ris at |least one of

| ant hanoi d el ement fromthe Periodic Table such as La, Ce, Nd, 20etc. In
anot her enbodi 9T, ARused Iatreihglasirogom rafckstioihydeangeh, armét/atasumpomsi gragnesi um

[ 32] Alsomth re nt i t he total
char ge f of°"BBEH 8&%?Wile%3%§ﬁé%}?mﬁﬁfaﬂeav Oléfe%é:aniila Cgtag'ﬁ tqges pectively);
pi +ta+yb+gg)w& xlropdazh=0. R with a subscript i ranging fromO to 1. Mand
Lwth su scrlFts a and b, with values of a and b respectively ranging from
0 to 5, and (0[05&= Al@/uaeddiﬂ@)h thg terapsuefaetany” §epinfogrused miterehpageablyie of the

subscript g ray @Ac%%c&vreo{%gt s%ﬂal 1zbe)r,ﬂtf(()‘ Elffjac rﬁ%ﬁﬁer”g é:ferg) Sée?eﬂ ol bon wi th

subscript e haVi a va a ¢ val ue of

f rangi ngnfatepnal ﬂlaf @pe?z(tasfﬂo)lowahé apfaes enbivn @X ¥ ignidwtHub mblewu@lthe of g ranging
fromO to 5(a + b); and N represents mtrogen with h havi ng a value of 0 to

2(a + b) Wleﬂln@rﬁétf@ﬁa@&a%el?ﬁtweal g dispeiseheatalppattichts andthg hygleseskair sors are
presenf f ﬂ bAﬁelfngu 6t fh b%atmgt ﬂhg %&C}génﬂ?uggéﬁ%m@to% R shface [ 33]

In one e od| ment , e catalyst o

(Rp)i(nt) w@klu)l betwe)ed (tlmm)aee(ljfbt M@WMpe{m@n@ﬂ&he soanno) solutionainsddcnd
enmbodi nent ratio js in the range of 1:5 .to @hll’d

embodi menthe cta S&Pnter&al)ls ispagndled ths; %Opnemh%dlmaﬂgée arrfaftafé O*%:5. In one

enbodi rrBnt:contMll'eé ahd @Rp&81 lhydringZd ke MLy MidaRicY&'iR ®e soltioR tﬁﬁ%@ﬂgms
enbodi nent, Mis iron and L 'S tltanlum (or vice versa). hird

enbodi nenthe CMailStmatﬁmaand L i s manganese (or vice versa) In a fourth

errbodl M S, LT L.is co r 5wce vier

enbodi i 184 £ 83 uififhareinging SRR eafeBls: GiecESonredi o pduehid &
embodi manEonchin‘g P a{oraadal 1¢a31y| dcfie {n@fals\/ o WRIch @a)mpbﬂihdathé eyt@nzkth
enbodi ment, Mis cobalt and iron (or vice versa). In an eight

enbodi menhaving ths forera R )n@ b(ﬁ b Ve WO VN veegvsapually formed; #nch

nmbodi I
S nbg d: xz%v’hlctwhcgﬁl '%ntl(f ?@ﬁac‘gtq y'ﬁcél A ACtlen ag ?E¥31'2ﬁreoc¥s%rrtgaé)’)a&hé? [ 9%") ( 8) g?ﬁ) h,
wher ei n t b&algbtedudsdricambe ﬁﬁmsﬁoﬂn&bldlntohﬁe canget \ah chsndicdl:rBactios with. % . I n

one enbodinent, the zinc to iron ratio is in the range of 1:5 to 5 1. In a
t hi r d2&nbees %ﬁ@re reggents; (puchias splfiging and|qs reducing atgﬁ@tsff‘a&gléyclsﬁgeih fhto 1:5. In

a fourth rgqgldr %ﬁlm Vi % of
about 1:1. 5”? 1 fl?ciaﬁﬁ)er}f)o I nggﬁ(%rt‘ﬁ% rlh;’gét%?lr %whtgﬁlretaltgf%ﬁérﬁg %gltéhgrom 40% to
60% | n atleimilhreatrbeod) meltitsted therndal tteoatnicmt, giresseretreZmdmtar aty net al basi s)

ranges from 40%.to.75% w th 60% bei ng the nost preferred. [ 35] The
sections EMRPIPEM BE8Bscri be reagents that can be used in the manufacture

of the catal ys[O25Thﬁs§1§éd‘ﬁ€r&ﬁ%@bhfa§$ &6 drOndte baVGITRE Rhitdhe bhalhgan be

25  used to preface several elements or classes of elements such as X, Y and Z or X;-X,,,
Y:-Y, and Z;-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, Hy, etc.) per barrel of hydrocarbon feed.



20 used in the manufacture of the catal yst, which can be in their

el enental, conpound, or ionic form [36] The term "netal"” refers to
"d" bl ockwelzermmwbisneagents in their el enmental, conpoundpcoruscanios7oBorm The
term"nmetal” or "netal precursor” in the singular formis not l[imted to a

single nmetal o t recyrsor. The term"in th 5solute state” in one
enbodi nent meah%zrﬁhﬁ‘e ?ﬁféodiﬁableéﬁhﬁ%%@rher?lg N e &PP’@VF@EYI?I&E?‘Grm The
term " et aly HeeeYISMonal BLRLS of &ahﬁhﬁﬁdgﬁ{& %#irﬁﬂ'%?%&g‘i’ef@di% heLRIFGESS .-

[37] Metal Precursor Conponents: ™ are derived from netal

pr ecur sor Ebompontent.es. Alamos MNatiendd ddiboetriry's &theingsdiyt Diyasian affOdtoleer 260 Al
precursors is d.i,nh the solid state, In.a cand di nent, .at, | east
Part of the el prbopSor s s eaiem i o R B ETaIGMBE R R Y i g
enbodi srengyubl@fel bERS it B WRing MEdTE:AMpREeEUE&OSS TIEY, e MY, IFeSOb, U €, oi |

di spersible, water soluble and / or water dispersible. The netal precursors
can be prbwiduwdms an el emental nmetal or as a nmetal conpound. One of the
nmet al precurso a d in.th i t i e ond rnet al
precursor can L@ﬁdgg‘%ﬁ?nl?ﬁ% léslgﬁlah @e, z)?%tjfrge.ﬁsrﬁ%ggfﬁgléglté %Srlteageueraz%rg)s can be the
same or defkhenhgrtfer to e fifidtd clomgawiicthePrpodiodablealith dtoaligamnnbersdMpounds, or
one organi c and one inorganic. The netal precursors in one enbodi nent can
be catal ythreegh{l-active, e.g., a reagent grade netal sulfide or a
benficated ore 03 L ) gﬁﬁgi precursors
IS selqgct ed frgorg%g no@lgléilﬁ ggc{:bgerrpou sg&?{r\eg?%ﬂntgggé?sﬁl& C?ﬂrirn&%g%j to

sul f at es, dptsatie]l foanibgnaligpsrsiculThiode smbodiysut, thadabsdispecsiies and hydr at ed

oxi des, ammoni um.salts and heteropoly acids of. "d" el enent netals.

[39] In ofi¥m@ d?%ﬁ?l}lﬁs_twl}%&sw@ﬁeéwn ﬁ%‘&‘?@f‘%‘f‘”ﬁﬁ@ﬁursors i's an organic
10 conpound. | mpzane @mediFRRha: [R&RERBImMIRIRE cALGELRPOSIBA s Sel ected
fromthe group of ""d™ block nmetal salts of organic acids, such as acyclic
and al i cyckpiressed ippHanenal foembiexy thegecaeibormoht ai ni ng two or nore carbon

atons. _ NonsJ i m.ti I organic gcid salts jnclu cet ates,
oyl st ze TR LR ERREE D I oot dodadS e kistiel Br i iont ° the
netal pregadsofchs@uting Ble@GtaBeht §l0AMISaIlL SIndthe 0§ @aidh CMamdNesachS such as
al i phatic am nes, aronmatic am nes, quaternary anmoni um conpounds, and

m xtures tdpegsedss af lasiat” dahlnckstemamp HamnbaPeriedie Takle shchpserul s of.rar e
sel ect ed Om_Q o] I |GG a es...i ngl . ot
i ced t MrEnst P At R Gl dla G TRRNN Brontr TP a1 Bn GhodfifieE)

di am ne t 8tik atlegdt bfic atladthansid chidnatronyas PagsdioTabld " subh ackaaleMeint net al s
and m xtures thereof. In a fourth 20enbodi nent, the netal precursors are

sul f uPl cofiCai M #Pthsr GRIRPAINERfb iR eastanplkalicasthanciplesueh ApBagRESWIt-h sul f ur
as a coordi nat j a : sul f hydgy. - : I ut are not
limted to thi I)(P%] s%’g{?lggﬂ %?(@laﬁéjfjgl ?)k?l g’pﬁb%&%%@%%ﬁ%ﬁ%%%ﬁﬁar banmat es,

phospor ot fureatlesf, tht horopardnoatMsl., $,10, @ anpt Nt resgeetingy);t hi ophenat es,
mer capt ans, thiol carboxylic acids. 0)SH, dithio _acids ) SH, 25 and
"ol et od CBrpbIHN S P DR doubr et HnepE e 02 & IMaride bt ar e

not |im t Qehts@bdcBiblsl aCandW, Wil&salfc§ OF QURd B ¥dshbdRrely Jaﬁ%iné ol 08 5,2hAgo sul fi de,
ferric sulfate, ferric nitrate, ferrocene, ferri'c phoSphate, cobalt

sul f at®e, cobakt=M)t rarcpresewsbaulfurphidshhatkes ofihelkiebsogipt d sangingnfrekdlS(ai t r at e,
ni ckel ph hat e, pper_sulfate,. copper.nitrate,. copper hosphat e,

Copper ncethtos R PE sultrsrB <Einof R el 8 hotng AR M Renat o - copper
acetate, ¢oRaby RaAPh{hepat Rith @RPRAIc CPArdRLInE BBREY Y HFOXIFIRprait@kel oxi de,

ni ckel hydroxide, cobalt oxide, titaniumtetraphenolate, titanium

napht henap®ygenivakbethe valapief Barieg fremtOLai St di:tandO¢ epkRsaRis aitragen Al

sul fate, zing al ict hj r i . y i.thi e, zinc
or capt obbuagrRr eebe S SRR She bR L (ERERROSHAM LFhRRY

di t hi eecar paowisers afEpgsme s@ bAcetiale a nolacratdd adnigitledirdrhiodphodphat e, and
conbi nations thereof In one enbodi ment, the netal precursors are selected

from 5zinc sul £43dé &t 9 eanbqdiraciy ot sptalyst ofcthe fsmudl £ i de powder, iron
sul fide pE{Wiﬁw)a(U')b@?,,(cw)e(Hx),(oy)g(NZ)h 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 1:5to 5:1. Ina
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enbodi ment, the netal precusor powder has an average particle size of |ess
than 10 mcrons. In a second enbodi nent, the average particle size is about
1.0 to 20wO 2mitawerss [ 041] I n one enbodi nent, the netal pCeasesEon57031 a
wat er - sol ubl e ni ckel 10conponent, e.g. nickel nitrate, nickel sulfate,

ni ckel acetate, nickel chloride, or mxtures thereof In another enbodi nent,
the netal ﬁb%e“é’&}?%’b"f‘e‘itsthﬁZHicngérPné%}}Pp‘éHh@e\XPﬁ%?rP is! P 1|r%a§&0nﬁar_t ly in the
solid statQpo@inidnt, Mis%ﬁﬁd‘ﬂ%@i&@({o?vféb%ﬁh).CH{TZPQééBHd ShEEdiRSnf iV kel

car bonat e, nickel hydroxide, nickel phosphate, nickel phosphite, nickel
f orm at e, irni ekéL isutahivde(or niccketsajrolly b thatdegmbridekett, Mungonand L ini ckel oxi de,

ni ckel alloys 15 such as npickel - npl ybdenu | I.oys ey nickel, or

et or e, ESRASTC (R ViR ol BiemuMRa POt Ayt RspridSh

wat er - sol YRk ecRhr Kala i EbslisehtM RironlaAdY ek ndket dekiceRbRd). Meni, the netal
precursor is a water-soluble reagent, e.g., an iron conponent in the solute

st at e sel sgtheamiadamenty Mhis geencarnrd Lakiron (deica wrsmt B a piventht e, sul fate and
m xt ures f 4 i dj ent f idin nt
depends wrapTaReat \t Bxebeahd L PR (SRS vTHE T T P bbb R BFE e
suf fi ci entrosuhd Ulis thromiure dshise veesgasabhatf envodiment, Meissithdfiidanhdon of the
metal precursors in-situ or ex-situ. In one enbodi nent wherein at | east one
of the metSdfonfPEEIGEEEH®)-is an oil soluble or oil dispersible sul fur

cont ai,ni ng co dyw RS SntSHk i.n\t npound (for
t he Zé(gt oichio H T i }:%%e{%rmtl onélgf ﬂlllte ﬁg{aggi ﬁﬁ%ggygoglﬁlgﬁﬁ%ﬁz,n“ ﬁ‘:%?‘f(gﬁeng agents
may not bedpE@d@d,, wherein thdziB¢ tol ioromeo éndnable rappe of 9:hel : 9 WstwtdVa)g lagent i s

el emental sulfur by itself In another. enbodinment, the sulfjding agent is a
sul fur - coﬂlef‘a?raﬁwme%ﬁ*&m RSN R tsrahes 4 by S a_&hgr? i's
deconposabhgodiffeft, Wediiﬁcgf%rlroﬁl‘{laﬁ@isQE-thé ﬁﬁg@éfg 8‘[1@) b 19, enboslient, the

sulfiding agent is H2S by itself or in 044] The sul fiding agent is

present i ambhodiaeotthe FavZegaelyst hop atzine tg iron citicoivet ¥d) of abmtidt]. r brpi red to

formthe alyst. 1n one enbadi nent, the ampunt of sulfiding agent

Fopr ebnt ST Saprimer o] FeZBgn b creest BRI et 6o T Sufl ™ L Mot e ratio
of at | eagibadihRnil tHOZPIOSHE Be @ Zidiviti e thet®baiy)Thndek Gt @, caysdoyst
precursor. In another enbodi nent, the total amunt of sul fur-containing

conpound Wathgdkebeing theguostpredeiredo correspond to any of about 50-300%
70-200% and 8 09 . hchi ric sulf I Ly cessary to
convert the rreﬁgljsi ﬁﬁ ggcgléﬁse%léé%ﬁg,d%gﬁge rf{%%eg{,s t%tg,ggggi:l‘%edg[lg%s] Sui tabl e
sul fi di ngmagefattird sfxheidealgstt The@cfiotcagdnirdfed td 0 raw efat@iehtiat ean ®ny sul fur
conpound that is in a readily releasable form faor exanple, ammonium

sul fide, HMRIIREIpBITLuHenl e al) wiagh canbsiiheirflemeaglcpmpaund, or
((NF14) 25%?{%3]; §0di um thiosul fate (Na25203), thiourea (CSN2H4), carbon

di sul fide CSé)),'di met hyl disul fide (DVDS), dinethyl sulfide (DVS),
tertiarybutyl pB6ysWhé tethe “GREIB)cferk@o &d’t blacky clomyht padensiih fihcdie ( PSTN) ,

mer capt anes, thjoglycols, and m xtures thereof, |n anqgther enbodjnment, the
Ul 11 6 ng SRR COmERIE 06 1K Ghiial |8 (o SO G TRAFTHECBaRLHE et

sul fides, sabkiat forRNhoN lirRkdBbiaNgn Ba el BERRIal PXEHRSE MTIRUE M dipiShe and

m xtures thereof The use of sulfiding agents containing alkali- and / or
al kal he ednteistatgtialoge nepodistpni mearsthatdhé mictwh admpensart stih emprefrcdopesd step to
renove th? al kﬂli - and [/ 19 15al,ka¥i nﬁ)ttgart hlmet al s ftr(%m t he spent

catal yst. orm. efeﬁrg] Ml SRS UBD T e X ° gl §81F]P?1&}dn8 ]éeg%rﬁfesrg‘s anmoni um
sulfide in aqu | ytion. An aqueous apppni.um sul fide solution can be
synt hesi zed frﬁoﬁﬁﬁy@&é%iﬁ%%ﬁaéi&ﬁ%m i%d-ﬁmﬂlwé?ﬁ%mt ff- gases.
Thi s synt Beshg6dAPRBAN MBS o difiekieadbdsy paPb iRk endid] ppRLRLrERd can
easily be stored in aqueous 20 solution in tanks prior to use. Since

ammoni um sddetliinéhessolidsiatm Ins speome cehodenetiiaat leastpatt of the owtal peccyrspesr at ed

easi | XO ! nisaadag(s }nl tﬁg sélﬁpeksta%.t ?Ili atcheu?'({: ér}l‘t?ondiment, 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



[47] The sul fiding agent can be added in any suitable form In one

enbodi nent, elenental sulfur is added to the pretreated carbonaceous

mat eri al woxburmeisn the form of a sublinmed powder or aspPaTasa@ensToat ed

di spersion (such as a 25com‘rerci al rovver of sulfur). Allotropic forms of

el enmental sul fur, Z}‘eé]iq a(f {1 rhom c qocl inic sulfur, are also

sui tabl e PEFURECHASACT infhe sluebhi ﬁimetat RECCYFETSHN S e %amerqxr

conpounds 4@feerit.d, hﬁl Jrgirﬁé QSmﬁoﬁde"a!ll”iEG’r RAWIEIpbidRVG SheQroatid &k ), 2

mol ten sul fur, a sul vapor, or conbl nat i R or mxture thereof 30[ 048]
Opt i onal Bnennherglmcl o) Imneetdrmcrmrmmmora coibodencrit saropt ¢asalztidallyiaataided in t he
process for maki n tthg catagl ﬁﬁtd Ge%erlil I%i,s the binder material has |ess
catal ytic §Cta|r€ffgte§ $TRAG NG S ey aree RS Fi on (wi t hout the binder
material) or n talytic activity at all._ Consequently, di ng a bi nder
materidl, the v P gneotmiadamentt &1gast O%f‘o?ifﬁB%tF‘]tI?TS?Pf?PéngéPeﬁ@a

Ther ef or e; cagg;]ﬂ&)t“ ocess

general | ym(? %ﬁ‘nds n tﬁge H(?é@?eg&?co? Flﬁegkg?&ﬁt&dﬂ?ﬁ%@? rbggt';tbgﬁa{/éét

conposi t i erlfiddi, neteulfadesumddesfand hy dra@8 oxidesYnohonihe sabs and laderppsliyt i on can be
5sui t abl e, .depengdli on the envisaged catalytic application. In another
embodi menfc! Q%&ﬁcﬁg GT%%?WH]@&E btional |y added in the range of 0.5-75 wt. % of

the total conposition. [ 49] The bi nde t rials can be added to the
metal precur sof&%i {hene %ﬁbﬁﬁﬂ@%}ﬁe@d%ﬁ%mofd RMsY BrecHIsRISds AR preanic

Al terpatiy, h r Qu&k

subseqﬂent y %untt()il gn g? : %?gélﬁlgm gia%n& n%gaé‘ﬁ{tfégﬁts ddé%)nbl n%gﬁ%rggget al

pr ecur sor grouptofi‘d” blbslonmtm saltylof otganmﬁmdsn wqhais tacydlictané ahetchik appletigr sor s

ei ther sinu ta £0ous or.one after thebot Li\? Pbse uentl%ﬁag t he

bi nder maf¥&r? 1C§‘ﬁ CBHtP}nHéﬁ XP YdBoTe arorR 0“6% He"Met e “prectPs 61 ei t her
si nul t anegyshi ld ANEiRIddRGkcshRs, WxhRies, FitthlchalapMagated zlnd' Setd@0 [Rossi bl e to
combine the binder with metal precirsors in the solute state and to

subs equenamqﬁh@fm@dmrm the metal prsprsats dre sglectgrhiremysalthofdrgagoinghes S5st at e.

[ 50] t On as ailnlg%rc arml}lesr IalraoI SatlI rallﬁllnlljede %n rmta%{nlloanllsmtchat aﬂ({a and

conven |o?1ucl Y aBa} Bitna &My (ﬂﬁ/ oprP'ocessHﬁ 8mlp8\1 sty Exanpl es
i ncl ude shliktases tlsdrédfcahawmhmﬁ B iASNC O3 \RAA L PRERIrs 0% dtﬂe@;aleab&l fioRa,
silica-coated alum na and al um na-coated silica, alum na such as

( pseudo) bewanemetalligrcogipppads: &ixamplegin@uderbuyt @Bk limitedite Ahdlatopwichys or

ani oni c clay e lite or

hydr ot al CP,[%ecﬁk&Hﬁé@ &? ﬁlr%gés)&? Ir?eéSﬁﬁ?%@g%atéﬁg%%gggéﬁggt%ﬁbﬁl&éer materials are
sel ect ed phithabosydniza of Cd! blotidalkemsht metalsdap edxwrdshthatofivi hunfousthl i ca- al um na,
al um na, niu zircopia, or mxtures thereof In one enhodi nent, the
cat al 9%t E@hﬁ‘?lfl’é’é the m%tﬁp%ﬁ?%ws 8% S&ﬁ{‘hﬁ?lg?lpﬁllg QhEHEHC $€L50 w. % or
more titaghdate Q&nﬁéfﬁrﬁlew#@%lﬁn agékg%lnaﬁhgﬁﬁnbw&ﬁ%g SulfRMrp&-appl i ed as such
or after peptization. Is also possible to apply precursors of these

bi nder s tEaampldslmChgiethueaIpmotbmﬁeétoethmdmmhta&dlailk}tldltlaonhosphattdfsethlo-
above-descri.he i nd Sui t recur kal i net al

al um nat e&* Q@B Rh%ﬁpﬁ %?11 tB‘/?loﬁlb‘8?5r O%ietsetir”%elr%aé’gmtl?%n%bt ain asilica
bi nder), @ispehites nﬁhfrca@)ltamlﬂhlma@bxﬂidbr&d@qi@@)sﬂddmb%dgR@%g)s(ﬁ 0 obtain a
silica alumna bi nder) 30a mixture of sources of a di-, tri-, and/or

t et r a%al eand refated corpshinds a ni xture of water- sol ubI e salts of magnesium
al um num and/or silicon (to prepare a cationic clay and/or anionic clay),
chl orohydrol , HM40in Byamplas bametal mecmmmmcéwddMa@afot limited to ffBR2] | n one

enbodi ment ere alu d al.um na binder has a
SO o0 ST TSR o TP S R B lpugl papincer hae @
0.5 to 1. &rfdcbel, TBAS Ph&HhEY, sbhlt QGIENRC,ASBK Rita®N) cobdl HASpIRRD agikgeNt Wher e
titania is used as a binder, the titania has an average particle size of
| ess t hans#fute, nickel nitrate, nickel phosphate, copper sulfate, copper nitrate, copper

30  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, nickel

9



5 mcrons. In a second enbodi ment, the titania binder has an average
particle size of less than 5 mcrons. In a third enbodinent, the titania
bi nder hasoaniizsersage particle size of greater than 0. 0PETrESer100s7031 N a
fourth enbodiment, the titania binder has a BET surface area of 10 to 700

2/ g. tional. Sul fur Additivyes; The use of the sulfur, additive
is opti ona@ph[th@ﬂwcﬁﬁgwgwgap%mmatatﬂw stlfage, wqﬁlfylééaa}%?%m@a g8Creferred
to as SUL&&@%HIE E"&Qdiﬁﬂl&ﬁe hm%a@%%&mm%ty E‘ln}é"'diﬂéné’ﬁéﬁﬂ%catr&ﬁna%" fiding
agents descfi bed above, al precursor, the (L)-nmetal precursor,
separ at el yopper dmhlacarbamm,anwgahesaIabeta@agemﬂ@lkyﬂdlthmréloavmtmlamdant the role
of the sulfu addi tj ve st0|n set e oratlon of sulfur in the
catalyst - clthinAiOs iR L BRm AR e e dhOA e R s PP RP R T ¢ he

15cat aj ysEm@@ﬁl‘ﬂthy@ﬁﬂhne powdel, 2c- ﬁrth QNBdEFdRRsb TRIH sul fiddepodRENt e sul fur
addi tive (used interchan eany with additives) ranges from5 to 50 wt. % of
t he anpunembediggnt, the mefel omeosad powdenkas@ataabipge paticls stageof dasb thadilfy agent) .
In a seco i.men t e 0 % of the
anount ofﬁ1 ﬁ%%l % M uced)dlnﬁ%h@tega%ng ﬁatgl&gg} %QS ébo ?O%%(r)rg)odl ment, from
15 to 30 wcrofte The sul fur additive can be added elther |n t he pure state
or dissolved in a suitable sol vent, % , water. I n one

enbodi ment , t hEAI frupneagaiadiment the gegt @E@&rqorbﬁﬁwfér-gqlbkaﬂs neﬂkek hi odi azol es,
thio id S,

t hi 052(;}“ cg? ﬁa rE qﬁl 81&{{‘%%@%@‘&3%‘%%}% El:%ekglt éés?Ck%Exlﬁ&hﬁ?%gl ncl ude but
are not 2biixtores eld:rd:c!f Inhinothenerabedimentc theandthi premzmhs aﬁ}Ckﬁl coarpesmd

356ty Rl P oSt BBl Ay ar b HAPBISRAG LS

4-net hyl - 3 ﬁ@ké?%@ﬂ?oﬁ@té Qﬁéke@'ﬁ%rdr’aﬁi%trﬂ@ﬁ& Bﬁos%h&t‘%' ﬁlkkel %B@é})‘fl te I mi@tdi ocyante,

2- phenyl thi ophenol, thioacetam de, thi obenzani de, met hyl t hi ophenol ,
3, 5-di net ﬁymutthlmcpi@éﬂdﬁde jckel mpmbtiat@dmpltﬁértwigstates olckeldeside piskdi alloyobi ur ea,

ot kg1 - s P b geiT ARG, ROASRIERT arrsiRiiikat MRS

2-am no- 5eﬁ¥b@dﬁhfeht ehelmetaPpreQirdshiag Qlatr-soluble nickel sulfate solution. In yet
2- am no- 5- rrercapto 1, 3, 4-thi adi azol e, 3-am no-5-nercapto-1,2,4-triazol e,

2- ani no thﬁQﬁbﬁPTéﬁ&Odlfb@ﬁzté@l@elalBr@iltShf isla waersnldlloraeosheaokn aad

2, 5-di mer I not her

e nbo di rren?gf%% e%itl%] ﬁ'e scgl gggatt?\%egéc?%d(%)%%ﬂlropl?iagt]ate Chl?l‘ﬁde [for%late rﬂ AR n’ér capt o
al cohol s. siHRad@ldEBi-AIes thergdunds of forrrul a HS- - CH2 --CH2C]—I (2 5

mer capt oet hanol ) and HS- -CH2--C

(1- meftapt o- 2- y ) hermef S%ﬁ@paége%ﬁsmdwﬁﬁthef pdeasty| f ur
addi tive Ly

di-tert- bBIt?ey etagg?%cws I hy roxy i lﬁ%jﬁﬁﬁ?‘?mg}dﬂ%{sﬁuc%a&? g éi? leet hyl ene

gl ycol (Sfcﬁmﬁﬂﬂi)lﬁjdatlbﬂnbﬁﬂhbpm@qﬂ)ﬁrmogd yetu)or ed+setny|1n$>ub bmﬁe&m(eatlch as
di phenyl | fide) ar | fides such as_di benzy sulfld » al kyl
ethers, tHi Sfﬁﬁb‘ﬁd?aé ?%q@ﬁh%le RN @y soly o F B PR S and ¢ hei 1
substi t ut gehtgigoUBhpbEed (HHERCAS sﬁhmél'h%&%z St Bethe tHARBRINGor tEé“ azol e,

t hi opyr one, thloxanthone t hi oxanehydr o 1, 4-t hi oxane), di net hyl

sul f 0%} destowhiophathic Girmetipraabihe sulrﬁiudegatybfsﬂh swifidinglagadits mawmtmmeed@nd

di et hanol di su ne enbodi nt t uI. r. additive
s e commer c; ald4T abmenemodimtal b MadRRTG EBhkt MRrdygher

t ert - nony ipgloyisdd lehibd@insine Ah@sul Ty 3%éhtflsr @mlﬁ&%hﬂaau@émwn@ RVIﬁ@H al yst
presul fiding agent Sulfi ZO1TM from Lubri zol Corp ”& I n_anot her
embodi mentnder pecvailingenditians, isdecpmpapblsiino h}ﬁirwdélphfd@r 7itevkird of

sul phur), b | r alone or mxed with

anot her su%%(ﬁ?legg%e S%Hg‘ﬁﬁg %&t %ﬁmgllﬁﬁ%gogo glgul phide) in exenplified

wei ghto 20 pr opfo44i omhe odlfiBingagSt% peksms il phadeunnitcQlsd 6f thO% el enent ary

sul phur in one exanple, and .20 tq 50% pol SU|§}I de and 80 to 50% el enent ary
sul phur i PoKhImHC aRawrequired to forny thepatplysian nehadFasiethe 2MOHRt sul f ur
additi ve < @ | PF 1» sfret hyl

di sul phi dgﬁ%&lﬁghgﬁfrﬁﬁ%@ ﬁﬁguﬁg frie tg% ‘g ggélgég ; Iﬁﬂ?g@et har(lio?i DECDS)

sol ubl e i molatagp of gl lggvBo lamdrqdobe/gklﬂﬁdd:(tcatalmst(frwl the catalyst precursor.
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exanple, the sulfur additive is DEODS mxed in formc acid or a nethyl
formate organi c sol ution. [ 60] Optional Surfactant: The use of a

sur fact anwoconpesesnt i s optional. In one enbodi nent, a edrfisetians7ods used.
The surfactant can be any suitable surfactant 30which use favorably

i nproves the bul k catal yst's characterjstics, i.ncludin s di spersion,
metal sur imgot € %Omeaﬁdh% q 4Rgup Srlff%corgﬂﬁungye@pghn%ﬁ gaRgarY ranging
fromin agumtco%s&ng%aﬁyoﬁab%t56’/@06% Fo-SORRNMIKId A Gk t he amount
of surfactant ranges from 0.°005 % I'n a third enbodi nent, from
0.01 to ZstWtChlc%etrlc sulfur[q@aitity nemm}emmme methls 1mptfommp$e4r2méct ant is
added to e 5@# precursor conponents either simultaneously or one after
t he ot her ."B® w5t i vel y, the 5 metal precursors can be combined together
first and subsgmaqens{luam@anﬁanhgagé@m ncRAB bREard deekimited to) GoreaR l&ed net al
precursors. |In another enbodi nen he surfactant is added to

hydr ocar bany swfwssempeinsghaige it a reediénteigasedle Fsmaifarresamnlsl santmpmumrratl on. In

o ranet or U8 ontien AR Rlac O B 2yl 8 e BRRLBSEAICG: et i
ranges 10%ddinmn @hiOdulfate (Z\IAQSQOg%thlourea (C[SE@I]L) Barypeh d@nﬂiden[t:sg; ﬂrim‘dth}as known in
the art, the surfactant can to the feedstock to

hydr opr océsyifidg (BYHPSk Hispethyd. SglﬁdeéDﬁ@vSﬁ“&WblﬁﬂleIWF@&r@ §8Bbe
hydr ogonv L [ rfactant
to thg&hy%%ﬁg“%dgﬁﬁ{’l?glﬂg gf Sl%gcgi’{ah%tﬁlﬁ%&%ﬁ? %ggt%%(?lﬂfés){hg%:agl §1l‘Iaololeol to
the 15 hyalmcnh@rméjodlmnntftheshﬂﬁdmlg ageﬂites safentett from alienlia dioke dorr dlcedms eﬁmh)m 0. 001
to 0.05 wt o of. the f ne e diment and 0.005 to.0.01 wt. %in a
Second enbist Nfes. akaf anﬁ@éfﬁ?ﬁ% ?ﬁf?ﬁ R SR LR of ani oni ¢
surfact anfigrecf WiH Gl QF‘hﬁﬁ&Hg fa@&{téé’ﬁrﬁalnﬁgﬁh&fhe hhd/ GUEARE S meB@NT ONi C
surfactants, cationic surfactants, and conbi nations thereof In one
enbodi rrenmaytrtrf;llm@naddwloualsﬁapdrammwss stplte sed cfthomk@® and / or
pol yox | enesar bi t aur | yoxyet hyl enat ed al kyphenol s,

pol yo%%// %F@ AL n&?@% @'FSB?Tﬁ(S%? yﬁf and the |ike. Suitable cationic
surfact ant's i npi4égle sy drotianynt| she@umaﬁigrhg@ﬁgalah@n@mrﬂ@ulﬁabhs quarternary
pol yet hoxyl ated | ong- chain organic amne salts, and the |ike. In another
enbodi rren@queph@S@mquaéstnaaﬁlve¢l§ agunenivaduifidsrsolutien grobpsyothoszed &am mat er i al s
havi ng a u e le t onat e,
benzopheng e‘ir’%lf%ﬁl © a}:ndaan rla&ﬂa ? elynrzeéﬁe&%gf &1 %ﬁ@'ﬁﬂ%’ %G&E&P

1, 3-pr opaa@cho@ium hlﬁd@utram@l @lublelmSNanafﬁnarbeﬁl b@@hl,y bdl sedrby Ireni@edyscol |
triethyl eneglycol, glycerol, dinethyl sul fOXI de (DMSO, N nethyl f or mami de,
N et Byl pRIFHE indérH@ PrigR P WicxPiiFe ampeap@y fulfide jolptiomismse derssdefitnent , t he

sur fact an;esfhomr §g§elﬁra§&{m§| % Sur%{ﬁé@tg&gfté;lr%tﬁhjrface tensi on such as

N- net hyl pyrroll one actant 1 n sone enbodi nents, hel ps

enhance the Comlﬁjs'rﬂesﬁ'lh %a%nett h?llloggaé 1(Vany ﬂ%%leeoﬁal et%emc surfactants

i ncl ude aceton ace gcet ate,” hexane yl ether,
met hanol , e@bbdinkht, cRehil sdagtionkicd dd &temfétﬁ@tdamaicmacsblnh ﬁfa@efrfat m et hyl ene
chl oride, diethyl ketone, and m xtures thereof [064] In one

embodi menflixtpreendhg fosmodasublimed porydesor as & goncsairapd disacrgion (schies ér - sol ubl e
cationic aghne c%aﬁ'ﬂ%%?gfémﬁ,p tAmg @%ﬂg fce%rxém&lrsh{mﬁ Qydp grmroni um brom de,
cetyl trinet hyT anmmoni um chlor od ecy trinethyl amoni um ani ne, nonyl
trinmet hyl oammmwandhhmdcdmcamtfmdarb@dgd supthla dor wpuateimdn ynani ne soaps.

5[ 065] In ope, enbodi ment, the surfactant is an organi nd cont ai ni ng
at | east GRBOHMPLYMPISBMUF S‘HE‘H%H’@PB‘E&* e the Lory fﬂs%u%ﬁﬁkeﬁ pgwder

car bosul f {glg,BHas&IM] B niIiRARGEE: ‘a‘@ﬁlﬁlr%?&r 8€h bdthbing8on diBix@RUNt of the
N-containing / P-containing / sulfur-containing organic additive to be
added gentheadofy depends on the desired activity of the final catalyst
conposition. 10[066] In another enbodi nent, the surfactant is an amoni um

or phesphoni unf0eg] t Petibwal MAihderdl R2 BxR4Gbodimbet @bind is®ptiotiallygeciuded
phosphorous_and wherei n at | east one , . , R4 i ryl or al kyl of
8 - 36 caP’o@ﬁ PERCGHsior maging thé CaéﬁlmzlGene@ipﬂi/»@M 8189 °% conbi nat i ons
thereof, Blyti€ H@cw"‘@r%arpﬂ(he B&ély%n%%’éltﬁﬂ (%h&‘,& tﬁ@tﬁﬁ&ﬁﬁat%él%ﬁ f& group

consi stl ng of hydrogen, alkyl “of - carbon atons
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15 and conbi nati ons thereof Exanples cetyltrinmethyl amoni um

cetyl trinmethyl phosphoni um octadecyltrinethyl phosphoni um cetyl pyridi nium
nyri styl tworzetimsgbesomoni um decyl tri net hyl ammoni um  dodeegirtuseomiobyoBanmoni um
and di net hyl di dbdecyl anmoni um The conpound from whi ch the above ammoni um
or phosphoniumion.is derjved may be, for exanple, the hydraoxide, halide,
silicate, CYRYBHAPHWYH éﬁ-_ ¢?¥§F@@P¥ly’ by addfngezpingley Bifer nﬁasaptﬂf@mgf thhe

sur f act antathi§stdnlNoSiBBh %a?z! HaGe @l BaM teradill He\enoRal SC8ifghr fh AR hepgr oup of
aromatic am nes, cyclic aliphatic am nes, polycyclic aliphatic amnes, and
m xt ur es tddedenthe froccas gervesllyedepoatismarthe dedwed Metooht afithe figaloatpdnt ¢ additi ve

is selected fromco unds caontai ni t,, | east e primar 5 secondary,
o'/ or . CUPPTHY aIRE GPotE: TR -20 "hedrarHy PLreRp o can o2

nonoet hangliaBld) 8epdiRRANRE alifGed Eathitib apslcandme rRashihb NnthoaBhday| - N -

et hyl et hyl enedi am ne; "am no al cohol s, "such as, for exanple, 2(2-am no ethyl
ani no) et hhimger, cap(bz-optiprrdbt dddsy in tae kengslof 03-Emivh §o pf httetalbgomposition.

4- am no- | - but appas [ : ] 4.4- dj et l.am ne,

6- am no- | - hexaﬂ%‘ﬁ] %h %Pﬁ%gggﬁgéxgégx%ﬁ%%%g&? g}%rgéglad}ngér%&%g gl-ﬂ%ﬁn opanedi ol ,

3- am no- | sipfubaadakly dde Afferthe athso XX Bémnativedy, tbaimbtadiprecliQsrsexanpl e,

(3-glyci doxyﬁl{go gql )trimet hoxysilane, 3-(2- am noethyl am no) .

propyi tri feR sz@e eethisanthrbsagnho prodprnyteritlren e rjjded todhrecoraliipedyi xt ur es
t here I en ' : ' cont ai ni ng
or gan?(gz a &Ya;? 562{}1% % g%lgqgﬁ‘?gmﬁot wﬁ%%%?? g@{ég%éttalpge%g%ofé%%ﬁe pfrom t he
group of sahiyhnsuklyanaheaftephesthkonat@sequendy aldkyHe bixdod @mterial and to] 068] | n
one enbodi mart, tge stapilizer / surfactant. if an organic arPoxyI ic acid
sur f act antalBhadgac ssbeidhraieal Prararsory ¢het imuTtpacously or engitd the n” anot her
Senmbodi Mepiher tRGIRHhERCH &YIsd SosRB RISEABNA e Bl wHE GRED piecifbel inOr ot her
simlar long chain acids. In yet another enbodi nent, the surfactant is

al gi ni ¢ athicasolutqstatcfaod ta subserhodilyredd ¢ mchad pegnfsacatdedst patlya ticsobdi d. I1n a
si xth grrbotd' ment, the surfactant is pyrollodone and / or sulfonic acid,

sel ectad % t heir asphal t enes deaggl oneration characteristics. 10[069]
Optional Addit[ose$ OpSemM SRS faferidRGhéIlidcad] mABESE ki 8ic dofiv@it@n@podi nent ,
at least an additive selected fromnmetal scavengers, netal contam nant
renover s, apidiedlas paawicy it lnrdsopragrisisa ertelyplei xammleseinrlafe siliga,adied to t he
process, e.q.. in.the transformation a of | i sul:fidi. stage, in
an anount glru glﬁ%e}’ r%léChf all'rgoc M YL%U(%{@OS% abag%m?%f gﬁ%aégosaltél}fr%@ﬁglgtagﬁﬁsﬁqélﬂgl n a second
enbodi menteatéhsliad divininesushtag (ps2lidd)sodiad degibbsitcatitaatm dindonid, chtggsc t han
2,000 ppm_ In a third enbodi ment, the additive materjal ranges fromb50 to
1000 agm clays or anionig clays Hich 28 soaiteeshtonttpdaghng. spiplits g8 hy HPECTSs Phar i | y
function ﬂﬁxtﬁ?e%%er?&hﬁﬁ%@@rﬂﬁodiﬁ%Yﬁfnﬁelaﬂ eﬁal%reﬂé%kﬁledﬁ?o?ﬁk“ﬁ%%,or s and / or
netal scavengers, for renoving heavy netals 1 n the heavy oil teed. In

anot her endlbddateilica depedewoh himmiR@saghidaFalomala, alatrénd, sitanjunbesicdea, drunct i oni ng
as a netal .scavenger. for absorbin tals, also absorh or trap other

mat or i al S THHEIAIREP fle TR GROQRREM. the Catalyshaqmpr}icy paetEtissuPRERt , t he

additive HRi®fal fhichRBrpeis@dies: vPol herdRitAteSsh ASdd BasisOr in a suitable
diluent or carrier solvent. Exenplary carrier solvents include but are not
limited to aroffitl] c Thgsgrboederboay bohkpmietes suabtoradtcr péntieategn. Xiyib else, and 25
crude oil derived aromatic distillates. Exenplary diluents include vacuum
gas oi 1. araul ®BbaRbisfers o her s v GBPE eSS G S S one
enbodi menire ak6f 1B dbdvieVesscArtimerdIBYithide PiceRBbsLk, e aulledBhbtapor ti on of
t he heavy oil feedstock then added to the slurry catalyst. [72] In

t
one enbodplvEntates (reobidia anjajemivg bides) witsr glassde pbiing glicakinder).&l * (or
30"t rappi texr inalk:" ich. f j . . it of, and
Poor " moB iR A e Rl Shi AR L (8 Borl o B, pIRGARAI, 2V 3
t he heavy aaiiktufeethourtet batli-ngi- tdned/od edtravatent mttabfuckat 8 ndrtutheSeatsmt eri al s

on the catalyst and / or equipnent. |In angther enbodi nent, the additive
mat eri al  PRAUBRE seltsofirpagngsigms plupanym and/or silicon (to prepare a cationic clay and/or

anionic clay), chlorohydrol, aluminum sulfate, or mixtures thereof.
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adsorb the asphaltenes in the heavy oil feedstock, thus mtigating catalyst
deactivation. In one enbodi nent, the sacrificial material has |arge pores,
e. g, haviwgaiBigdissurf ace area of at least 1 n2/g in onecCemdsodiomemt] at

| east 10 n2/g in a second enbodi nent, and at |east 25 n2/g in another
enbodi nent. In not her, enbodi the additive | al 1s a
Sacrificial miGa D PRARTARP LGy %@la%naolﬁuaqd%@a@??%n}g 8B g. In a
second e”@&@bf@gta’suf‘faépaﬁ@a yaggﬂl rdh 160 td £R5hY/0; Oh & Pg{egfoldrﬂe @angﬁa' rd

enbodi nent, a total pore volu of at least 071 cnB/g. In a our

enbodi rrenfrpmaD por & Smmll/gjmea&mfedehy higagtn msam@nﬁl th onenendweilramno’dlem@ nt t he

sacrifici mat er | vol une of at In anot her
enbodi menftan st abiadigy B O e eraferafiSB aitantsSS el SOhcr 1 ci o
material GREBAY. SBSa SecbAd BRLOGINRNE, ARY fitafB beldehasSahCdVerigs pRsRReifRHfOf

cal cined kaolin clay. In another enbodinment, the sacrificial material is
char act er lesethapy mistansg late thishembodioest, thetitania bindgohasr aversge petticlsd by

por es of t t 5016 n
enbodi rren ﬁ?%&/tﬁ%&%} 61155180 aﬁha fﬁu\gﬂel e%nlg'ioé{r}llgeatt tﬁ%#aghagbelﬁ(i?&%fa rappi ng

deposi t s/ BEEt@kfaSecavﬁaglm@ jooahtige but are not linmited to silicate
conpounds such as M 28| O4 a{]fd Fe28| A, |norgan| c oxides such as iron oxide

corrpounds e. g[, diixey 4 Theusoa, the sy fur eddigve sapiignds of

dd t ncl oot Al 203,
a - ggéf%r Zeoq%n%lgrgt é{gngag?bééﬁl rﬂggﬁ% C%.qllgl negqggglssluflll %%?adl{l&éf)t ani a,

act | ve carsbxdlde;d manbxaure ithcday oémld: subfiidih g agdntndestitilerdedbve, Exafi)- metad)f net al
passivators include but are not |im teg, ta al kal i ne.tﬁaailt h nmetal conpounds,

ant i nony, P&yses jmetal precur§orsieP{TRICHHQY 1B ARidMe M 4IHEesal tiive nateri al

is a COWEﬁ&éxﬁtéd{m@H@tﬂeEfQieeof@i% RlIfuf SAUBNIR o T ATLS BN k&Rpcitiedh & Degussa,
Al ber mal e, Phosphoni ¢s, and 25 Pol ysciences. |n one enbodi nent, the netal

scavenger silfuran mmam[bxst,@ué i aydinas feorbotlinoamt poé¢rgsdinotha wabilitp of 1lheg ussa under

t he tr de ane hOXAN ETM [ 76] In one enbodi nent, the scavenger /
trappithg FURYEAEHYEFS material originates froma slurry catal yst,
SDeCIflcally P()Sﬂ[l)elﬁorﬁeléiﬁwdduﬁéﬁtaﬂh}é%hmhﬁt@fsdffmW(u@&irm In one

enbodi ment, the spent slurry catalyst is froma heavy oil upgrade 30 system

havi ng at mt@ra%aengv@iify vfithtaddittyegvgngss ifrone pris, &Y wi o 0§ thesaimsink urn the art,
e.g., deo i Filt | ven X a the |ike.
N R R T R

enbodi nentmbeas ran@ETro&uI(‘iaﬁE)\af €aodtheamoueasitsulfunidtgdiicd ih i datadypi ng of
coke / metal s that woul d ot herw se de osit al ong@t he reactor internals. In

a secéhd EhdHdidrsodimen. Eprads t%l39|"‘fty/°ca?1éﬁ ydfur gdditiye empeddedeighesr ea of at
| east 10 %g??ﬁe%taﬂeBPalggl@@hﬁq'sﬁRm S(;lt)ﬁgBEEg SYfface area is greater than

100 n2/g. I n one enbodi nent, ve I's a scavenger / trapping /
scavenger 5 naf@isi]aln ard egnhmihmehtf thosuldursplditivedesuldoeadd! Somrtho/groap af yst ,

wherein s of. . t | s, have been.renove ne enbodi nent,
the addi tﬁ\}%dlﬂ%olqs 5&%01%? alfm R EITEN 1%?3&%;5&3]98#?@? 'havi ng at | east

Some or MgéscRicabiidBB! #lodr@N M dasixRir&dBbreo M EXRM @ymchfd@%{ hre B} C.
renmoved fromthe spent catal yst. |n one enbodi nmen he sacrifi ci aI
mat er Ral limitcd ta, Kaobawzmcesicids dtthigcressli Shilmoerosnds4 ﬁnwge&odxléé and some group 10

VB net al | ex, such ni um ne ate si due, i s obtai ned
after mostORPERIT Al o L R B R Tb e anaty BeBhefvE Y een r enoved | n
a pr essur chid B AEIMtBI-RicBSES Shiokémik@tbaABStABHthelkhedithNphehie sacrifi ci al
material is in the formof solid residue corrprl Si ngwgrl mari | coke wth

very |itt isethiegyasticudrphenmy thipphepple thiencaiagtida tripbingaminst 20 15[ 078]
| h h
L1 2not el TRASE TRl BRISAREAG ki TRERHAL di5uRRC M%W o

easy B@cC OV@&Vthio@ﬁbM@@@&hﬁi@fﬁcﬁﬁﬂﬂM Maﬂl@(ybylopbm:ﬁ m@thyl Burt her rmr e
the carbon material is relatively soft, thus mnim zi e on | et down
val ves anBEeRer Lprtdhtadipgplsy %trawénoﬂmﬁur@ﬁé EMHE- ﬁ@ﬁ’cthlot]h%“é%ﬂra folgat eri al
can be_any_aResahlia ORISR i OCRBRERELEL hidxAl, baghgomt erial
Exanmpl es 1 nc Ut rare ot T1mted to por ous articul ate carbon solid
characterized by a size distribution ranging fron11 to 100 mcrons and a
BET surface area ranging from 10 to over 2,000 n2 "g. In one enbodi nent,
the carbon material has an average pafiicle size ranging from1 to 50

m crons and a BET surface area fromabout 90 to about 1,500 n2 "g. In
anot her 25enbodi nent, the carbon material has an average particle size
ranging from 10 to 30




m crons. Optionally, the catalyst material can be pretreated by one or nore
techni ques as generally known in the art such calcination and / or

i mpr egnatwogofiimstsowi th the slurry catal yst prior to beipng/uSeaoiostosl t he
upgrade system and / or m xed vvith the heavy oi | feedstock. 30[079] In one

enbodi nent,. the a d| tiv ter| a at.ed carbopn having | arge
surface thé%PheBO enzﬁnepgﬁg‘fl E]illl%la Ghl 1I°8 @101 i’@ft)& ﬁﬂdﬁlﬂercélﬁﬁ ? fore di aneter
range bet ﬂﬁ&i}az%%)ﬂm'f@ Angstrom | n one enbodiment, the additive materi al
is a conmerciall y avai | a)bl e powdered activated car bon fromNorit as DARCO
KBGTM with a 350 hfarwlamem’oodment nh@mdfumgddiéntbimblwemﬂ fromhélecgwnper cially

avai l abl e carbon terja ARCO | NSULTM 9 ons. In
Jot. anot het TEiABE TPl R £ SemRREr CLrorB S SeE el B-ack

obt ai ned RrdapRctakblnan@HSSOENL- CS(lGéHE)VHQ@lHad1¥1§1Erch15t0129§1¥e‘{1y921et1faﬁ§1)dua| from
a netal recovery process to recover / 5separate netals froma spent slurry

catal yst.In yet anothpiggnbadimertethe whibien adittve i piee @ﬁhfiﬂkyl\ﬁeﬂfm évlichlas depves a
plurality ti , S a e nd
anti-f oambn lgugpges gltte{teou lsu ?8 Hlﬁng%hroxg qgnkul%dgg gs%ah ?rggl\éo &hglgnéa

suppr essi g@cole(SQCHZGMH(bH)zl),ahmaq)r@ﬁylalesglycfoa); alameatfeids &ach a§ dlphaiyl mat eri al .
I n one embodi nent, sacrificia face treated (or

10coat ed) SHfifl¢), é@rqﬂé}dﬁﬂﬁ&ﬁs eueh s Q}Ee%’s @Hﬁ@ﬁ) %ﬂiﬂlﬁﬂaﬁ‘ss amophgiolsi (B¢ and / or
an antj - fgmﬁgﬁg%%, chc 'glll gé'lls Iah@ tl%ﬂesuﬁgngghqgﬂ%tw%p@uaggs éthylgnémt erial is

sur f ace- nod n one e Iment, the surface treated
carbon bl adﬁde,@lmbphm uhmoleg théofyumet thioxagthoupshioratdhedwlirifadaotdnal, provi de

the anti-foam ertle the requisjte 15surface nd pore
i ze ot r U BHPrg ¢ Dol tan oy @C&eﬁo&tlveayeuk@da(ﬁatﬁﬂn r metals
(N, V, Fgrsuj}@: |n the heavy oil feed. In one enbodinent, the additive is a

surface-treated carbon bl ack, with the carbon having been brought into
contact with a[(}ﬁéﬂivln aid enalnmijlmi:mteﬂleeul@ur additwicli$ a:omtem@mnqikylmdﬂ@ﬂch as

di al k si l,.oxane ners d' il si | oxane,
Conyalsnery R R RebRod CE it b ot R GG RO K PAER | S ur e

ther eof . Atofina Cdrﬁ[?e]ny%?'c&tﬁl}ztst &@ﬁﬂﬁ&h gt S AR DORoITaMSLZOr 0y Agent: In
one enbodi ment of a water-based catalyst synthesis nmethod, a dr ocar bon

transform ng aff¥il llsalehﬁl‘}ﬂr @y@ddwnt,rthfn@flﬁufnd@tlv&etsertﬂp@aselopw afqray
Chyar ophofiefB Lo BREFRRIEh felsf Y B RE S I  used as a

sol vent Calﬁd’thﬁ’l’sufp(hﬁr COrpoI@d\ie. ghantchgamepallysﬂple@uﬁmmmplﬁfa@d Wweight i ng t he
di spersion of the precursor cat aaéSt particles for a subsequent sul fidation

step. 20 n PEPoHigs RE? R AYEdhERIPhidS aRg dp 6 AP BSHeredHpy SRS P88d as t he

medi um t o @Q}]&s}ﬁs I i 9]{5% r or,

rel easi nge% lgga?? &Sgﬁé of t uPpshﬁ f%ﬁrd 893?%6%9&%1%&& gjhg{jﬂlaaglt%#{/g cat al yst.
In yet anedepleBOerrbodl ment, water or an al cohol solution is used as a

sol vent carrie r _di sper si Jnor nmetal. precursaqrs. [83] In
one enbodi nent ! 05t9ieh}/\ﬂ} F“z?gfi f“(’i aé‘%mﬁ%’é SE1° tr?gr#‘ionhﬁlﬁﬁr‘supto sol vent
carrier /of &@{%ﬁf rsmgﬁﬂemgtdlhr%tﬂyﬁaﬁuffphﬁl@ IjM@ dleﬂlaﬁoﬁﬁﬁﬁﬂée gapodi ment, the
ratio is | ess hird, |ess .1. I'n one enbodi nent, the

wei ghes r atiithiOblfs ethaeolo@mly@t solbrbé@ulr\smr gtyrwb: ¢ndctros1®]7®15bl énend fur
cont ai ni ng_or c rec drocar on co nd or use as a
Colvant ookl e sTBi B Rie RO EADk hiel i Rie S SRTRPHRRS S, 1°° o°,

second en‘gggdhmatmlohhe weight ratio is in the range of 1:5 to 1: 1 5| n
anot her enmbodinent, in the range of 1:2 to 1:15. In a third enbodi nent,
from1:3 to 1:106] Optiens SurfaetantahBeg st 2 spEfagkat:compgnantspoptional fi f t h
enbodi nmen r dis
used, it icnanI{e eglﬁl%eogdé%?% ?%gfa%gnt a use @r%f)ﬂcl%fl?l{}on C(I%%gg Qﬁf‘%}ﬁ&&e S%Fmg[g@r cyclic,
sat ur at edwhichus &ver il e thpronsuhs buﬂklthﬁ@sﬁ K characteristics, including 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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10 inertly substituted, and m xtures thereof, and which hydrocarbon
conpound is liquid at ordinary tenperatures. In one enbodi nent, the

hydr ocar bwo 20ompersnd i s sel ected fromthe group of straipghtusedaios7osat ur at ed
acyclic hydrocarbons as octane, tridecane, eicosane, nonacosane, or the

i ke; strajghf chain un rated_acyclic droc ons 2- hex

1, 4- hexadP @acgﬁampa%@ rfqubO%é A dVed éﬁ&.tﬁlr%a@ﬁ?fgp@at Er@mpi geﬁtocar bons
15as 3-nmetjiyl pent ane, neopentane, isohexane, 2,7,8-triethyldecane, and the
| i ke; branched chain unsaturated acyclic hydrocarbons such as

3, 4-di propy1- 1[(B’>1ﬂ1e1<raoheemle®dyment the optiomme simydctant veaddne fo thadnatde | i ke;

cyclic hydrocarbon r uns turate cl xane,

TS eycl o uapeEnoRs EHBe R landR B g T N B8 e,
Mesi t y§ enghetad Eyercﬁﬁﬁrs daRlbb RB@bined Wéeﬁfé@ fir@and Bebsbddettly A LBattahttagne

enbodi nent , e transform ng agent is selected fron1petro|eun1hydrocarbons

char act er be é@leésf,o therqgimpinpgghetalaprecussais k dg aMbﬁtqﬁd@dlfFﬁ?@dhé purfacians éh

napht ha, t t t cycle oi
typicallyxﬁﬁgggh%b F%%ﬁﬂ%xgg%%ﬁhg%'aﬁggt? n%e eéBlCcar éﬁmgtons and

m xt ures fdianaded.. Ih Bn@ﬂﬁb@;ﬁﬁh@ﬁiﬂ tRMmouhhef shlyﬂmﬁwdaloo t&thﬁlh@dﬂ’@daﬂb@n VA. In
yet anot her enbodlnent the 25 hydrocarbon conpound is nethanol. In one
embodi menfransfpiEipg aecaé ngenireH i 3nis Y kmetheé cpbadiBent it rRREe§i ng from 2
cSt t? 154650 @ 40Ewt I a second enbodi ment, the hydrocarbon oil as a

trans ornlng agent has a kinematic V|5005|ty of at least 2 ¢St at 10C. In a
t hi rd enbodi mefi62] f troyat dne Snbdbdinnc St kratvnlidGhe drh tneirfctaotcamdetadded h t he

ki nematic vis 05|t of the transform ng agent bein 2 ¢St 30@ 10C or
above abotﬂ'h Eecgap 1@01%& VRIS RO o of D ‘aé"% %aﬂbﬁoeh?ursor

resul ts i py&atalkstd RAIACFSs iPLhRIrEhahd AiRin HtheLWrRenPRIhET Xi ng.

[086] In one embodi ment, the solvent carrier Is selected fromthe group of
al cohol sbydrotashen trmsgfprrmm@agmhoﬂf thelsltrrémndn,t isqodkly hédddltkehe I n anot her
enbodl t he solv e i S r h o t I pf at | east
" our thot BFoRTm ARGttt i oty gt Pog R B a0t a0 el tent ¢ ne
sol vent caf the@Ecd i oh€kBb&ithcht &8 0.0@5 rOOPwe Y, al Q@&bﬂ@%mb@dhh{ehﬁ acid,
carboxylic acids, and ketones. In one enbodi nent, the solvent carrier is
acet one. 5[ 087[06@] héhe gptacmarardemgidershens ofianicésssurBagtantypreiticEiPrici ncl udi ng
ot her et gur%ac a%ltqs %989 sur?ac gs' 561‘]{{8 1%% }fgc‘%anctg) %B%&ﬁp E&rfa%?a%% Iall?c? d above.
These material's |n e any TRAE conventi onal

hydr opr ocessbingtierattadryst mr(ﬁmeuh&iodmmnt She harbh(ﬁu@mfm{aaslsaelecuah eophor us
conpounds, boron conpounds, additional "d" block netals, |anthanoid netals
R or At xt DRl¥exyaprenssorbiinn menelayiyic ReyprYsthMdenattrdrbsnelacl ude ammoni um
phosphat e, u | e
e i s R R S LR e TR s i 0 A
rheni um hmtdaiemiualmmaﬂyddmgmhalm ofgdnigramimd mltsrmmtemafyl mﬂymhtpxﬁated lonp- one
enbodi nent, .t he addit.i on metal s are applied in the for

wat er - i ns S PEARIGAT AN it B Bicheln RMstrg I, ghey bRl metal s are
added in the&tdprbarim Qou?‘@?%lv&ﬁh&ﬂ%&a@%@@ﬁ h shHac%ﬂ@ﬂs‘ftﬁ{ piephigdi nent,
addi ti onal |anthanoid ne conpounds are added in the f orn1o oi | squbIe
conpo@nds suc. ag cthyhaedyrbonate ceanigephehence erayt hyasden eoldﬂvmmnt,r?eodec anoat e,

d th d h te,
neodym unP BB R R RBP4 PRGCE e BURHthg 48T FAE-ant hanum or
pr aseody mirisiyl BR8], ghrarol, dimeiyBddioR ict(Dass0 ) 1BL flethyt Birnaghidd)®-pr ocess, it

is also possible to conposite the final catalgst conposition with the
optional mgthel prirelidope, qngl mixtyges theigekj ol st erpthersnbgdapentthe syrfasiant cat al yst

t
Caar s onaf R a b AR SNRL a1y RS BRTRI KAV BlrohBERE o o,
the addi t vaival sutfatthetrialodb embopianant hagdethahse @B@S@Wlﬁlu‘ﬁleid’bﬂdﬂ&aﬁ‘@r m of

phosphonolybdlc acid having an atomc ratio.of P to "d" block el enent

metal s rahdi nPheiorrRBEs ouréa@tailtwclodo&c@lommle acew{l@ao]hqu%o for Making
Catal yst: ?é}&tﬁ@r@etﬁ L "B 0thand h&hﬁ{o‘?%étgi h%'fbnﬁ‘?&ﬂa ?llc‘?tlrﬂo(ﬁ  systematic
varyi ng of the conposition an structur e alyst by controlling the
rel ative elmorodosn,oficthylencedhdonsdet dictityhketbypasd ofixtuhes thaeaf. conponent s
30(reagents) including surfactant addltlves if any, the length and severity
of the various



reactions. The nethod results in a fine dispersion of catalyst particles in
the feed, e.g., heavy oil or coal, wherein it wll do its chem stry under

t he appr opoi2atigéprsocess conditi ons. [ 091] | n onePpemhsdénmsto3wher ei n
at | east one of the netal precursors is an oil dispersible sulfur

containing org ou heI ate conpound_wi th sulfur as a
coor di nat i ng aﬁ}%ﬁ ih%m@wrrﬁe%h@?éur LS ¢ GANORIC WERFERL £ 8 2HCTet al
precur sor g h9lc REsiHe &mﬁﬁqereeraa f&mh%%tm j $eBl nyrqétﬁg;raarn%amghﬂ broﬁucﬂa the

heavy oi|l Sfeedstock itself or VA, a separate sulfiding step with
sul fi di ngcetgemimeitteyl @plmammah chlSuldé Jididegyl ltrrumnthybmhmomum rhing, toyglt ocar bon

conpound, hydr opr oc i or to introduction to a

hyar opr oc LB Ry PURERHR FETE Hal RG] eftaeP et irmh g i R0E, oul £ Pding. » 1n
one enbodi ment [odsfer shSirkibbdmbit @ RGrficard Wearl SrghiiE cbRBER colBGEAROSI Ti on
of the oil dispersible sulfur cont ai ni ng net al precursor. 10[092] In one
embodi nentt 16%111 enenitrogen wogrortphesiheras fpr eeairlyyrvsiting earberaifigriihese orpounds
and / or t | f t he sul fur
is not in a re éenacggg tzlf %%Wﬁys ?ﬁegﬁ?eﬁéﬁrfg%rsc?&a %%%ﬁ?rg&%}g@{n&)/on cont act
w th a hygilagabbeming brgaﬁlulaﬁdldrva@w ztdaiea gendriliydidpgnagantheidssindeded to form
at least a sulfided_ catalyst precursor Sulfldatlon prior to contact with a
hydr ocar b&fHViy @&%@r%gta§5r%%%nto as "ex-situ sul fiding" [ 93]

I n one, enbodi ”Rﬁb f e netal

pr ecu?sors are s?{%%n]ﬁ ne?afhg)%r{@rlr]iTt Eh@%g%c%@%ﬁ%g%@ﬁuﬁ%?me with the

wei ght raphmsphcbmuﬂneoftthmfohduladhmmﬁmM&ﬂe&n{ Qnghim@gbn onplaispluirods dndt o about

1: 100 in one enbaqdi nent econd enbodi t rati o ranges from
about 1: 2™hgren dgeast pneof tﬁr’r‘% gﬁb*cfdr' ﬁ&yqr%?&n%g] ToQR 4oy C-4-ri-a fourth
enmbodi ment, {1 ore Il Onho- 619—1317 Ml:o?rﬂﬁna%%ﬁ@ﬁief%@tthe Ih@ifRa6FROMRL RIE for the

m Xi ng ranges from about hour to 10 hours, at a tenperature franging from
room t enpRu htingecleged 600 tat: ZEDUPIoeB S st Qfdrygrorggn fallgrho&tl mdsgahemi atorn® 3000

f th t al b
oo Pate, ane Slintud Mt TR S B BB ae L5 ont; ana Ly O 2

added to bl tAI¥ihHhS idn fuen, REREERItridlcthydpHosphiwre! @lylp@idisiubs equent
sul fidation. In one enbodinent, the nmetal precursor mXxture may further

conpri se BbhsHItHMsylammesiual dewipiseentzmmenigm, d@@mltﬂn@rhyé%mmﬂmum
conponent Ertrd &1%e%%?d18€?e%§1aﬂﬁﬁc§nlu&herﬂ9 %Sng;ggﬁéi ?r% v'vﬁ’l’érl ﬂ%’fab%‘ﬁég ‘%ﬁ” sors is

carried ou organrc solvent wt contal ni ng 30
gas pressor ﬁhospﬂldlﬁuﬂlh@l BrdganecCms Y by,goi cagiphg tie lliy;dﬂmd@,mraﬁﬂle ’ilxhtdr € Of
al kanes and aromati c. conpounds. [95] In one enbodi nent, the netal

pr ecuPSor xtEes thereef. kept at its natural pH during the reaction step. The
pH|S|nther e cond
8ﬂ¥ %& eJrgtF]dldr oft n%l% tﬂﬁnst leecto‘ﬁﬁ?rﬂrﬁ% %nfc%d itive

enbodi nment , I men anglng t can be done by
addi ng baseéea:bed froindhd grothef amamttmramlmnsxrtymhe,ahphratmdudumag; p@iywnlinds whi ch
deconpose ncr eas nto h de | i ons t hat

on tenperature
respect i v@llllg‘aflﬁé eanéirm’&&f?%%@o aﬁ)‘ﬂhe Erf)‘ilg?n‘i &8“@?%% nitrites,

ammoni um ghxaiodiER e iSldfectdd @R GoRPBRs MBRkinid '8 184 bR ﬁﬁﬁz‘hﬁzO' led such that
t he pH at e beginning of the reaction differs fromthe final pH after

preci pit atsercondary, and / of %ﬂlaﬂyranumfegl@nbe@hhm@mexaﬁ@téylemdwm@e forming a
precipitate

cur,sor m x iS 1S fro .he liquid using

et hots. kRORA Pt PRt RERENPmgtBTol aecant at i on,
or conbi nathiyRAS/1dnReTaBRhe; ahiinPdle6 KR, sdélerbaflicRBhple, I(Q%nﬁﬁ@@thryb‘or mxture is
optionally treated with a sul fur additive or a

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-glycidoxypropyl)trimethoxysilane, 3-(2-

aminoethylamino) propyltrimethoxysilane and (3-aminopropyl)trimethoxy-silane, and

mixtures thereof. In yet another embodiment, the surfactant is a sulfur-containing
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commercially avail able catal yst presul fiding agent. [97] In one
enbodi nent with ex-situ sulfiding, after m xing, the catal yst precursor

m xture iwonliffdeesd wi th a sul fiding agent, e.g., amoniPemusadiviosm3( NH4) 2S
for a period of time ranging from5 mnutes to 2 hours. In one enbodi nent,

the 15 catal yst precursor nixture is gradually added to a m xipg tank

al r eady C_B?ﬁaﬁgéﬁidﬂg“’?h %Eﬂ@fml?ﬂdh‘@elgg@ﬁts}“f@t@t}sm%‘?ﬂ‘élﬂﬂ grPEITéOPn aqueous
sol ution Ly PXE@ASteS th_awh\ssatEQ am@lkg%ﬁhessal ts for a nore favorable
condition for sulfidation. [98] In one enbodi nent, an aqueous

sol ution of a {B68lpIneB enebcalimeminiho ytatijlizer grurfagtantonianerganicmgsxgtie or a
nol ybdat e sych .a ni um_20mol ybdate,. i.s opt.ionally brought into contact
Wt e S P TE R SR st S e 2ngpgii er i one.
enbodi srentmbédiaRei, thcurfabtahti pSithddcdhdl8 add edtcandit a¢i@astotRerSithildiomddi ti ve
and optionally other additives known in the art, e.g., N-containing and /

or P-cont eltaii agdbrigaiet enctbrticnbpdinenyitbe piéicus isqdginigiagidaglpr wther s, etc.
can be Se@ﬁ%@&iﬁ{e}{t He ?fa@t]a NS ‘#i&h Ib Qesix%%’l le&?z)g&iﬂ%neghe nstug[_tagta Ngrease
Ut ur e atal’yst. FoOHPHERE

25t he incorporation o ec Y none’e [ i nst ead
of or in pgdllbder dnd /bheulfuih ddidRclettcd torfthAcit asphsiténes dedpglorsdretisn at | east a
surfactant is added in the sulfiding step. [99] I n one enbodi nent,

the sul fi 6BARGISIES.carri ed out at a tenperature ranging fromroom
t errpe(ﬁj@t ure t O[(76@?’ F %ggnaﬁtA(ﬁitR%'sg'Sclage%%t h%cr%‘?%#ﬁ#s: ltnkbqle?’o

sulfidation is carr roomtenperature
to 300F anabddimeit, 3t lchst.antaddiBifte bddentsd from ractol doevengoispalctabcdntarhinent

sulfidation is at 50F to 250F. ,In yet anoth r.eg@gﬁi nt, the sulfidation
s bet weelPI0SBoBIEl prsaliten Seritisen! ATt H 0GR PilBEPIBTS! SEHI ween
60- 150F. | pRsrosnRadi for nDSuSHIdiHRAll QNid & AholBRIMBER ForhQ 3000 psi g.

b
In a second enbodi ment, between 100 to 1000 psig. In athird enbodi nent,
t he sul fi 4640 pym (efebssinayicstalyeds trhaseccod cpbodymep t@Oidditiveyedteraaiat her
enbodi pent , . the sul fidation s ied out at a.t erature.ranging from
S0F 6 goned ghimebiIta dd L BaTE. Pty s R SN g ga
pressur e. paterfahinged frdd I0ItONOYE rature is below the boiling point of the
sul fiding agent, such as 60-70F in the case of ammoni um sul fide sol ution,

the process i s[G@hebmpnocnebadiment, barpaenadeddsperarinargy dastion as mstbe t he
boi | i ng t‘E&RE&%taHtrr%p%fvex% *Aﬁcﬁg} lfn'elfii g%sf%%?sl ad /%%ﬁae%l%'cav%ﬁgé%&’,’}%{‘t s, the
y rrred ou an pressure,

reaction I'S general ca I ncrease es as |1 n an

aut ocl averenldvend e 9 gstals inthahsivigipRsd.10h Bndther cditdén&itapseaithdrhe process
can be substantially_Fure_hydro en, or can be m xtures of hydrogen with
ot her 2¢as BASTidiGHh MRECTidNs: pesidsn fundioning2s dengialpeaveagerdppabsetipbmettbnoxi de or

hydrogen sl b8, or tr%pu?tPi{zﬂéQ%lloi?lk 'fhc@tﬂﬁn? dikEQfe, the sulfidation is wth

an aqueous anmoni um ution a tenperature between anbi ent and
250F, and in t[¥1pr bsercanmfdimtnt]lhc additivamstdrialicardabdidded & thelpexcessd from t he
group of thjodazol es, i 0 acids,. thi t hi ocyanates,. thio esters,

t o ani des,
thio phendis; Ortlﬁiaégg?ﬁl%gﬁl‘beé]i Pa%?e%wﬁ%r-gig?mﬁ@%ml sohvesivdrdude ng

m Xtures Hef€8bt limited to sk hyldfo @RHNIBRRAISFBY adtoldnd, K 1M drigdi ng step
being carried out in aqueous solution, the resultant product of the

sul fi @ ngewdepilidsrigedsdrametjc fistiBatesaqbseuplagodibtentrncludOvaspainyeeesilni | | show
(nat Lo L8l YaL, ELEUSEN, BRSHSh: b SuSohE AR ER e B Lo

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 deposit of, and / or
immobilization of deposited coke and / or metals (Ni, V, Fe, Na) 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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[0103] In one enbodi nent, the process can be extended to include bl ending
nmetal sulfide powlders, e.g., nolybdenum sul fide powders, into the catal yst
pr ecur sorw@3pno/deersoher enhance the activity of the cat alPg3tus2010/05703{ 0104]

I n one enbodi nent before sulfiding, the catal yst precursor is optionally
isolated fro he | iquid.using nethods kno in.the art such as filtration,
centrif ug%"ﬁog;nt,&le _aa&aﬂ?%&‘ﬁ ingffe b Y ?cf%aqcpotﬁgs PHigeERS i dPacdinaioter ¢

at nospher ¢ SRt ARY sRbifiBial HOQBM hak %frgé‘ﬁé%s,%.ag? ’haﬁngﬁ%lﬂaéﬁrﬂlgel ittle or
no oxygen, and 30 m xtures thereof In the next step, the catal yst precursor
powder i saicapf efgaat édn'vg inhoncheentwdirhénd; at deaaigEhin, /gen g s¢coardeobodmatl f i de

NH4) 2S sol ut.i.on nd, /. or tional. sul fur additives. .. 05] In one
S mentibt G 26 e Aot smhshmBls  yebitihesFbiodisuagdbe MBS
optional a[vRRl A J QeRNah HiteRal AITHRNI Rré eomMalof Bagad of@sndll. eref f ect upon
catal yst activity because ammonia is a depressant to the activity of a
hydr ogenasdcond embediprent, amormynlame efratdgast 0dSwanes i b athindendhwdamgndta activity
because a ni,a He rhe t. a it
conot ¢ ut D MR NP BEEER, oS AL 4P dTR Pl flo A oieh SBPRETE, basec
slurry fromthecsdkf ildiong cabedinicat, shbjaetificibmatcsiaipl @ ppatesiuscpliase amoni a

flashing step by c¢ooling and depressuri zi n? the slurry stream Ammonia can

be fl ashetfadikd E@get Heriaier mhRging@het #)deogen sul fide and hydrogen
present in the t [ONEOLSY I O j i t f: t he

sul fi é%ti on st L‘E@t ﬁg&nrﬁ]eg% ure ilnst %8? ?%ha%%t%gag{coe@&leﬁsﬁlgrlggﬁjggesl%l&gn

N- cont ai nhmatprial Schamtaisphanes afroghimed kadldn tiay e.Inlanothet cralatident, tiwbodi ment, a

surfactant is added to. the sulfidation st |t her before, after, or
during) t aacrlfaﬁwgG@te&aﬁﬁéﬂgﬁawzTﬂgaso%w%at@%é‘g 2%83%@%@ 4R ex- si t u

sul fi di ngeodshfusiby hotedoeatdlky fo AR ORE U 956.600 AnBlidisl i tdioRd hydr ocar bon
conpound and transforned into an oil based catal yst "of the fornula

(RP), (M) ethbodibnedi) d(C), (Hx)/ (031)g(Nz)h. In one enbodinment with in-situ
sul fiding, the a recursors.are m.xed wth hydr ocar bon npound in
The t tanat or mad(n ExBRSHRERITLGEreilR fordle th Buibite FTP R A

precur sor scalendihemdRide butae aePRHARed fodilidaRdedinsoints SIRH a5 M, BIO Laldal yst in
oil. Inyet athird 20 enbodi mrent wherein the netal precursors thensel ves

are reagehe:S¢Padeorgyli¢ prideconpavas oxidasompawyts ot gabr@kcs@epcPs optional as
the sul fi s n i » i . heavy oil

f eedst oc kg& &‘%Bf% %O 8(?%%%@) ?Jérggocf grg 5 %Q %}a?eq%gsﬁn%g éeelgl%‘ls%{% é@@ﬁguﬁlg f or mat i on
step can be&haslfingbkilioa, A1 Mk MabhOhacintd, hicrofbictds dfcheined kaibave t he

boi i ng poi nt  of water wherein after 25the transformtion step, the |ight

er), )
oi | cah belagdHyEmidEhtg %ﬂrbpalpearrb%wa% apd eREpLIpRioap thereofs Heappieonmci ed
slurry capaly¥stors iRBGdYBRA A& Finfitel & %?gl@\%ﬂéa%%ﬁétﬁ%owoug&kp§ﬁﬂﬂ reuse in

the catal yst transfornation step or ere Iin the hydroprocessing
system Adidd bisontl. | y, with the use of a light oil as a transform ng agent,

there is |less oneration and the concentrated slurry cataly can be
subsequent |y qﬁ?%bd ([}F ?WW%?@e@eiaﬁgﬁvﬁ%fag}sla Cfoétgﬁéicﬁﬁﬁaﬁ%}g’ﬁj@conver si on
process. |t 0&veRhe HoRefurcds @ﬁcmysdﬁ@%iﬁga? AMp@inhlef PhosPR&nitd) ahdne

transformation step is selected fromthe group of decant oil, diesel, VX
(vacu@m g8slysiitnces.| ilghne gabodirient, MeOn¢talesthvamget/is laemegtioperobs ght cycl e oi |

(LCO, heavy cycle oil (HCO,.solvent donor nd oth i sol vents.
o PRGOS R R LR R0 e B er B e R ARE S or a1 o
step is a heava'ql If &@edshRsdkment, the scd VAR tda iagﬁs@w@@gﬁrmmﬁawth a

wat er - based sulfide catal yst precursor, 1t is believed that in the

t r ansf or nexigigptep fromesgurry ketakyyid prasHidally. aswpent dere eatalystdn agtepeivddr 5i s

t ransf or i 1V i i eci i formof fine
i por o oroigt T Suf PrB6ditt, MBI Bt RoRPPRISR cliokBBe’ COnart i ons
in theotrapsdmohadhg arlcssdt &pYasfehsShdaviy oileamot@l fshigmtdis khbwalin dataad, yst, in
ternms that at |east a portion of the water is in the |iquid. In one

enbodi nen’?-,g-"dﬁmb‘ag Viagncrgbrang ltiadiop, solvent extraction, and the like. The spent

slurry 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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means that at |east 50%of the water in the mxture is maintained in a
|l i quid phase. In 10 a second enbodi nent, "a portion of the water" neans
t hat | esswohan/@efmof the water in the m xture is maint acma$2em/05te81 | i qui d
phase. In a third enbodi ment, Iess than 70% of the water in the mxture is

mai ntained in the |iquid phase. urth enmpodi nent, |ess than 50% of
the wat er 2fogg mrﬁ%fé?rﬂattm% ﬁg a|SFeﬁat ff?fnég%ent%mﬂmﬁHﬂaﬁétaz‘/ﬁbgaiarmnt t he
transf or MRET faSe &4 afaqeayto AP/02 Th 8TREL &hUEBmbat, RN Gufd@rchq9 - 400C

and at a pressure of - 0 psi'g. In yet anot her embodi ment, the
t enper atug@at@ftltahelOt)rnar‘gfor ITB.tI on step is nmaintained at a terrper ature of 50

- 600F. In a s d enbodi.nent, the t erature is ed at a
Lenmar at ure o (608 GG CG et (b AHGERE L Hafies MEpiE BE8v et on
t enper at UpRtRANSESinkted [Foﬂr@pszp'eﬁ5@é6ﬂedi Bludryfatilyish veERaA ks by mbiieof the

transformation tenperature 20 ranges from 200 to 475C. In one enbodi nent,
t he pressmetalsolﬁavsﬂp@ert rearyPér nhtdnsrendhodmens, thapdditivisdn the forre Of éngb of 0 -

1000 psig t In athird
enbodi msn?penp %gtgggt %gngn Atq&m (5]’1 q_ﬂrﬁ?sﬁ%éﬁ% néer%%lggmh H n(t'c e resi dence
time in thﬁlﬁtfdam&ﬁod’dbaltl@m @h@pedl &’Ggﬁﬁe Epcmcatlysi. Nkt @ efnﬂ)oalrﬂfﬁiﬂrtﬁe I n

anot her enbodi nent, the residence tinme ranges 25 from1l to 2 hrs. In one
embodi mensacrificial mgtarial iim the fomrrl splidyepiiyhcaprayingsokegd sPmg g Per 500 RPM
(" Revo) ut k@ns, £ n ctor. In
one e%odl ment Pﬁéo% eaﬁﬁ%% a%%nﬁﬁhlghgﬁ]?ﬁag%ﬁ?g@t ﬁ}é'&él?&“? ]lﬁéc/)lﬁ Ogtatlﬁs}gir agt ants in
ot her st epwst @tthé eesils suckus ﬁm@tbalMumanchdr&kd Haoe bl reabbatd/sita mmw sor and

hydr ocar bon conpound in this tran rmation phas 0112 one

enbodi mentcachipg wegsiy el oS FBROUE AR G Pr B b HECEa ) b fPUoh y af ter
the trans{Qramtiiedc ﬂﬁlaﬂ"i'y%'ake 'vﬂﬁ?&é&ﬁl@clé’%ahﬁdlhﬁﬁeﬁ‘%ﬁ’t%é Ydrhﬁ’ofOf the
catalyst. I n one enbodi nen hydrogen is added directly to
transfornaltﬂn@nusmapta(vamada’mé m xi ng tank). |In another enbodi nent hydr ogen

S Sat o ool B ot SRS R e R iRl £ r&fﬂﬁgw}aﬁ A

l'i quid tolSVS@Q@fedQﬂﬂ@&ehtS Pigh Rutfiden@eas RIS RIJoRNsiFd QRicAIrt, vl Bhdyyretdvepy Ni gh
pressure separator. |In one enbodi nment, h drogen is added at a rate from 300

to about STBDUSTERM hepvymestalrby apmbwttiont Harthermone. tof carbaremariahiai ni ng i n
h I h 9 I
E h:nSSU:;v: }[ele@?\;eﬁl Q’o?t {Hhui H(lt_]lgﬁl?r%%ﬁl %gm%g X\%let (f%wh El%ef gr%f) (%ﬁer ;gg)tﬁ%aqgr& di Oiig] In

one enbodimemt erﬁbtmttmsﬂtpwe karboh énadial ¢en B@ztxat gedtratio P@Siontokndwan dridanspor t ed
to a storage tank wherein the catal yst sl urr%ﬁls continuously mxed to

mai nt & n SOMBRERNGYellahle maleriah  Eripnegadiuds Byssneetdingtadio ppiuse or no
oxygen to VI AN @ renoval
fromthe BMC%ase Pdcoaﬁtsgﬁ{llgllt@% ttgtrrlzr%g1 an %e(ﬁ%{gPﬁdg?ah%%lgg‘ ter t}](ﬂ)

t r ansf or nati¢roms atdeapBEﬂi sorfecceartzodnging tfronT he tocastea LyH0 nstg.eamona one

enmbodi rrent s .heat ior to ressuri zati on and anmoni a vapaQri zati on.
[0114] In® h%dlgt’?ﬁbgten‘gﬁ‘ton fi“‘i‘t&tlg S @R AEOHE Rﬁ“ﬁge P48 T4t “HPééESQor

1500”p0neﬁf1§roﬁ§£n(§dlﬁﬁ?qu§ﬁ€e 28 trb&t%bamo thRsoweL o AF gc UhsRbthePmponent s are
sul fided segarate y in two separate sulfiding steps hen conbi ned t oget her
for the sobbedjment thenyionatatidldis gn eperagﬁtttﬁracrie oize ramgg@frr@ndpéo éét al yst
slurry. In.another .e ne, of . t ecursors is first
Sul'T | ted, PUHEN- c OREPRAR. o pRePGieRal et heair Bl e sk ecur sor for the
transfor W&Ichﬂﬂu@steﬁrgenérﬂllyakﬁéwﬂ th eadi Rl cindichlnti/ deﬁn%feg@dtmg%gtecur sor or
an oil dispersible chelated organic netal precursor with sulfur as a

coor di nat Wi the gy satebyrtanrinsdo hring fod istcibaapgians sistandae / erenizrd pidcur sor
and a hyd onent for an in-situ sulfidation, generating
slurry ca h%lch%%p&l%edﬁga{glw] In one enbodi nent after the transformation
step, 36 he sl ur [(79¢ alidbresémbodient, 1he atiditit b etatdrtv@ghiden agtaratddcdacboni ze Wi th a
mul I'i ng or mlllng step (not shown), using 25commercially ayail abl e

equi prent navipg largsveiaggaice- %V%P%fﬁére@atféF ?ﬁ@tt 199 /w@d &ipoEs qigmeter

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™

19



| ess than 20 microns in one enbodinent, and | ess than 10 microns in a
second enbodi nent. [0116] In one enbodinent, the sulfiding can be
carried onND 2016150 i N a hydroprocessing reactor w th tRreTnsaewiose3nf the
precursors and the sulfiding agent 30 (e.g., elenental sulfur or a

sul fur-cont ai ni onpound) occurring. in the hydrocarbon feedstock itself
In one ent) iar%%ﬁ,o%ﬁﬂémfswné-i nAngter P%ibﬂ@m}egt wr@aera@ﬁwa@%ﬁ% xture of

hydr ocar bpfipéeaaal-ark BARcaddiduomal,ihuds 20roemitRRE: 1fyd@anotfG0 (vacuum
gas oil), naphtha, MCO (nmediumcycle oil), light cycle oil (LCO, heavy
cycl e oi | efibigtdinent, ghal addritvedoatonal composdsamarten birk iobtagwt\bethsoketgnf, in an
anount rangi from2 to,. 50 w. 9% of .t he he oil feed. .In yet another
embodi mentien HETY RARS R E| o ridial fromys MR HovvS PRCES L1y dr ocar bon
fEEdStQCksqﬁﬁﬁbﬂwﬁgﬁhnnh@mﬁn§@%¥Qahb&@ a coal liquefaction reactor. 5[0117]
The in-situ sulfiding in one enbodinent is carried out under

hydr opr ocessi nfP&bndi encamehodanent, theaddaticcanperalseves ¢ plutaligof fuveHoP00 t o 500C

d f - - I I T he | it
e A e R R U
anbi ent pr@ssifite addnépReEaduppssiag) did,MatisBe asto S sagcdiinchesd

hydr opr ocessi ng condi ti ons. 10[01181 I n one enbodinent before the in-situ
sul fi di ngsachfigiahpgicpl obedsicHyodivrt. dhe saghfigiplapaeiial dotuiferofcated @sed as a
carri /. di t 3, X | - i i NQ; . ursors prior
CarThel | nogqd|oith ¢ RosdiGahitt H%é%“ag%%?ﬁé?ﬁ [ %‘r‘gﬁ/t&%%lﬁlé“gﬁ iding is
carried ougenex-situ either in a separate step after netal precursors are

di spersed in a cohol saqlution, or directly . i.n ope st ith the

sul fi di ng agenfogghzi o dim s Be et i wBies g BRoAnd ¢ he
metal  preguER OliSone embodith®htLRE sirfaceARaEABABLABRALK Edhaid €O ve lfhtBh act i on
catal yst for the conversion of solid hydrocarbon feedstock (i.e.,

car bonaceguwspsren theisaiface thittphoviideethe gieti-ffani properéied, endrwithithqocgositssor s, a
carri? solfent is %sed as a il%egx for, the n%ﬁing4/ qj$§ rsiag of the

net al %r etUIEBAE? POPHCREC S EAY Q') SEP BRe U EBIP R ERBETT EF<°€6FV8ht can be
any of 20alce@h@li, ¥OF&IIND M tHeRle@NEsil feel! Th 6nd&hsbdiganthde)ldtgivaed 4s, or even
water. In the next step, the solvent carrier / catalyst precursor mxture

i s used teurégsedigajedgatbon biagly wijh theecaconduntiedwor bisaght ipfoseontafhwithgpr egnat ed
car bonace parti s.ar ToJq o) rjed t t he ent carrier.
The carboﬁ%%géﬁgwggbgf? fg8@@5%%&%ﬁ§xﬁgF%ﬁ%?ﬁgﬁkﬁﬁﬁégﬁFﬁﬁh§%%¥u

car bonac epolydimdtieylisHbx e, fetedphas| wWeixan@ olypheepviimbihgt daabgn 25 feed,
such as, for example, coal, coke, peat, shale oil and/or a simlar

mat er P&l , THERIRASS Sloxancsr AYemipaies ©FEoki ze of |ess than about 0.5 inches. In

one embodi Ment rdhfie shRL BT 48AbLLGN oy bIREEHIRNE) 1IBANS | nci pi ent
wet ness, e.g., th ceous particle with
t he cat al ymbogineotsfsowater-baded eatalysi syntireeis nfa@ii0h hiydrotirbor cahsfoingugf act i on

reacti on, the.coal rticles are mxed wth a 30sol vent and a syl fidation
agent , m%%eé’it}?f‘t@iéogﬁ‘;ttaltﬂﬁgf OPR AR S?&%Qéﬁﬂ%ﬁ%? Flﬁ‘tagplﬁcﬁré? ?)yst of the

formul a (Rfn dilbded abtid) R Byddo : E‘Bi)cﬁ.( @@Aﬁ&ﬁé}lze}ﬂbodlrﬁ'?&!bﬁhﬁ%&%dﬁent , the

solvent is hydrocarbon conpound w a boiling point of greater than 300F.
(149Cp3 ecgmpouwndls ufedGs aypbyept eregdonnixiagwith flee mctabpreTireoisn- si t u sul fi di ng

in one e iment i,S carri out in a coal lj.guefactipn process at a
emmer at ooy e iief St bty 2Rl T R BBt S oo 5000 psi g
for at | eagfiddibnstdput BSyet hilotBfieneitdadetENhydrbfebdd \cophfound W dsedat ten i s
carried out in tw stages, with the first stage being at a | ower

t enper at urediva . therbly siscornpess arsativr eontamas presaprecyreorgicleagingiabnt ) 5
than th 1] i it bt t t
tonper at ul Egpiher S i BiRind FUPHAGL LMV b iBS SRR [ 230 7, ©

Fi gures 1le@bbddindeut, thaedt ok bh uibhdltselueioh adiisag at s solfventrcants Sortdisprdkes t he
cat al yst conposition.
norganic 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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[0122] Figure 1 illustrates the steps involved in an enbodi ment for
preparing 10 the catal yst conposition with a sulfiding step, wherein at

| east onewofotimserset al precursors is an inorgani ¢ conpokad/useomiato3t he
metal precursors do not contain sufficient sulfur, so a sulfidation step is

needed. . 0123] In reactor (m xjng tank). 10, an netal precursor such
as Fe(NGBjS 185 t&@s@; 12&(@@?%@%&34 1%%@&@)@&@% 1B PTRY FSBATERS cam 1)
s mxed v s@Rolhel GUiNasSAbE AlfuCldfihifig OBkl REEFHEARL [pd stream

I
2), formng gn intermediate mxture. |In one iment, the reaction time
i n the m kydrgcarborkcdr@pauad desust o msallyouftcatridno transfornli0g heent s§ inttherangerper at ur e

ranges fromr tegperature to.,100C . and. t he .pressure ranges from

L mospher PRI 18 80 The o AR Tt HeiRt e Re TarGrrer 4L TS Bl Ehe two
"d" el ement afRtRlembbBintdde ih R rhBRDISIL? RAITES I BNgesrdfentbdahail frdfd:3l to about
1:200. In a second enbodinent, the ratio ranges fromabout 1:2 to 1:20. In

a third efbbddGremn a feyrdrambaliment] frgm. 1:5 to 1:50[ dn a4ifthaambadowent, from vkt al
precursor | ',ébure is sulfided in reactor 20 in either batch or continuous
node, then transfornmed into an oil-soluble catalyst slurry in oil in mxing
tank 30. In onfosarboft ieindcastfonsdoapound Beusedtibdansienslally inclide ayxed 25 with a
heavy oil feedstock and preheated in m xing tank 40. |n another enbodi nent
(not ~ showhydroggrhoreeanapapad, aqyghi¢ 9r Gysliprsatusaedipt yspumed. RSWHUEYed, prior to
bei ngf ed: d I i . ol ST [ 0125]
e 18 ot SRR UBLIR RGN CRYR My o hi RN oo Bl fanid) %

m Xi ng t aakordibddi tipoiahlrys. irhate dnfldimeta) thp hgdiocsbos cdhpmaohdls skdeatat
necessarily have 30 to be in a Ii(%uiicil for, [N orge enbodi ment,, the netal

or scur sor SOM RGP TSN ey syt ACKUF by CREEOPRIATBE FFsHHED a

fluidi zed.REnE SRMEAsakd, BF %&ﬁﬂceoitrafi’gﬂf‘cﬁéiﬁ%nE%Wﬁteﬁ%c?ﬁQ‘M}hr&lﬁ%ﬁs with a

sul fiding agent for the sulfi daii on to take place. ' 0126] Figure 2
i |1 ustratédheacrdi dgrtemdtna asétderkeebodicdwhtintsatupteshanyeli¢ hpdroetrbdngsst
conposjtion,wi th a sulfiding step, wherein on t he al..precursors is
rrot Tyl B safaitieet rifeie dBhet0r s SRty Bleplatn g EbRbIkRed wi th ¢ he
second nMebahciidehdinS@kathradtddl dcgblke RRIrdQibchs SHESRPILAiprbpANSI-A&-tRIdnen step
(in reactor 32%. The 5 metal precursors Mand L can be organic or inorganic
met al pr eéuinson8-dimetllylahficxsmet and the bk sycliq lsphocashpnscetiratedh oki t her bat ch,
conti nuou [ o ' [ th, Fi B0l lustr S anot her
enbodi nmen nsgfur%t%%, S%?@é‘{;gé;scl,b%\%%{eé?’r%"‘ft]yﬁleo[h%é%gnepé@éhggg?’sanglrﬁzd%(ﬁfg i ded

separ at el yudhruréraa@ds@s suthOn@ ets2Plchi€ speaicl idlane, orRelehdllok tiddikecat al yst
precursors can be first conbined before the transformatjon step, or 10 they

can bé%fed int PEéakt o cspbodipentaths tipnifagping RagH)S HiledtedfroR deBelsiBon

di luent f B | St i.qu i t eps

i nvol ved |H dréghﬁbélﬁ:éﬂg%g{g I n%%ﬁl%\ﬁ{e{?pehﬁlagt YECkéglnfbw%%@FSgﬁ?rnﬂgP% with the

t her mal degphaldataanmnogasatil (VEH3Y, lighthet ayclpokdenspceat cgclg ojl, @pically tidissper si bl e

sul fur contai.ni ng. organi ¢ coppouynd such as zinc.di benzyl di t hi ocar bamat e,
Fon (111 JORR BT EH 5da A BTl e 1o an N hros SreurBSE. are 11 r st
conbi ned LRALSAKIAY thAVrd @i BpbBnd ﬁg\/GDT ﬁlnt%;c] §1‘aﬁtflér@%{Hoﬁﬁne‘i{tﬁHe' n reactor

30, wherein the precursors are conbined with & hydrocarbon oil and
deconpdselydrpedrberséompant fiumeinpoel. thhensrembeibment dwi tyidurarbbheompoesd sul f ur

generated,in the.deconposition. function wlfiding agent for the
in-situ sh?sfa}l&flﬁtbc_ VPP He "Het r?fpgccﬁﬁgoofssc tr@tlﬁ_edcm' ﬁi%%&ogfor mng a slurry
catal yst e@ppdisichi, it Hydi@WarttRdibsedueRforMamVsc has UakaaiRicivilscosity of

hydr oprocessi ng react gr 40 [0128] Figure S is another enbodi nent of

the in-si @Ue@aygfcﬁaatnl@, Gah &t @ fhvird aebogiraenis Gems oSt 4ng oSt airl® Condi ensd di rect | y
with a hy ' j - X - ' [ at

et one BPORERE Eh el ol bR IohnbP b BRI MRE B O

or ganse c@pOOdr abovg-aboitr ISt kd) ) 0YT e e sotrhitameothianadtdy{tpeeddidoy, zi nc 25
di et hyl di t hi o-carbamate (Zn-DTC), zinc diispropyldithi ophosphate, etc. with
readi iy rEselisRmpibet pticles agglomeraling ot atkeivgre it mIKB et al precursors
in-situ. The c it 1 X4 Is L it al hat the

oi | dispersi bl gﬂgll Pﬁ‘ﬁheg%“ﬁ%@?‘ﬁ%gfhﬁg?%?‘%ﬁé@eﬁrlszsoe?é(%ga ﬁrg?%agrpgf&gfeconpose,

f or m ng nelcaholsolufiboles,g..f methanalattabnodtangdlthe hive. 7 oéndtloar suibadiment, the

(RP), (mt) a(Lu) b(sv) d(cw) e(Hx) J(0y) g(Nz) h.



30[0129] Figure 6 illustrates yet another one enbodi nent for preparing the
cat al yst conposition wherein the sulfidation takes place in-situ upon

cont act dwvoeotllogeisot h a heavy oil feed 8, wth at | east pomassedionbm3net al
precursors is an oil dispersible sulfur containing organic corrpound with

readily rel easable sulfur. |In one e Odl n bot h_of the netal ecursors
are sol ubPUVELICRIGIT Bokiteh With grigh %flﬁﬁa%a SHHE St ment, at

lleast one|Qf LRooRbA! P4 ﬁﬁMre%%o%hm&ltathé%dit%aﬁié'rflé%rele%%t@drﬂ'tﬂw organi c
compound with excess rel easable sulfur. In yet another enbodi nent, both of
t he net al gmupmiaki@hﬁdea,rcetmeiagiemrngﬁaetcrrbt ald lstdrics deblonmfwr‘t@dnn@t,t he net al
sul fides &%gghlee and reaci;[ upon contact with the heavy oil feedstock,

fornming a SRR PSP £ or mul a _
(RP), (#t) a( Lu) pdgay) oksamoafokaiddanpydnentd: 1f desured 33 0lls it ofhdr! | Ustrates
yet anot her one enbodinment for in-situ sulfidi with at | east one of the

pr ecur sor Bictads epn beragded o andition tp theeompenents ngCﬂ pq abppve. zPhese materials

di t hi ocarh I e S pl ace
sttt RS S ist st b Rl cad el BRSO I0E SRR heavy oi i
feed 8 angrepamtibi. |sintagle@gaﬁpleéareq)hgsphoaumlrﬂmnn@s;Bb@mmbﬁ@oﬁmgpound or

el emental sulfur., In this enbodi nent, the heavy oil feed 8 transforns the
precursor 41?*‘?1611 ‘chlegh staly, fnthpseid metplsR Qtfp@lfxéléfés theraoheSHERY o0il into

l'i ght p for the
di spe?(gl ngﬁ)&#i ﬁ%ﬁ%cé@égéldg)#&fgdnet O%Prél gsléoh\régéqg?h&%h%g? %&rﬁrz)r a cgat al yst
pr ecur sor phdsphame cempodidye Stitabdt addtmtal mmlmﬂhaitdrm beetddéd prtheplrosesss is an

organi c co The solvent carrier i n odi i s an_.al cohol
sol Ut i on. STho mg@fi? AEfaf Lo SFUPHatheatg). gﬂgq %rprf%lwak@%ﬁliﬂ%e in the

hydroprocegsi jgnt %ﬁ%@ﬁne‘ﬁ@ thd BRI GRNMhREs é%ta l?edhﬁ@l’[e)’foﬁhloffw%?éii 8 and a
sul fiding agent 4. In this enbodi ment, the catal yst precursor is sulfided
and 20decowploskscompogids, Inf ayottien gmbocl;lateat yist adslitimalmefalsfape added in the

é\?gz Ioig %)ﬁ%“ké}sﬁ%%d( C%Eégg%%o(ugﬁm? ARter E%P%(Ph?ﬁ?%ﬁhg l%%éagm{g%eac arrier

for the nMngtdlc@mPound®iard adde® GiHhS Poisn df GiNgblble tH@Poltds, €At Adad§mighecur sor is
sulfided in tank 40, formng a catalyst slurry 7 of formul a S(Rp), (nt)a

(Lu) b( sv) eqrboy B ¢tERUTh Gy whedymiymingpdesanersesadyruise naphthsgrtadecodymamyy o |
f eed h f th
ngteal p'r gcél}gﬁaég% 8@;?rﬁlﬁn{‘ﬂzr£&ﬁ§1ﬁéxa%9ate d&o yﬁlﬁﬁ?ﬁgoﬁgtﬁylh?%tahga%éa cPt”ﬁeOabgV:

enbodi nentig O@Sresﬂdndﬁltgrsaltﬁdf laﬁthauﬁﬁ epprag@slomiled are in no way I|m ted to
t he use of any artl cul ar apparatus. The apparatuses are in no
linmtéd to thel roasafcm&mewrfnﬁ% dorige tssprogsspe htiahg n%Slblﬁéo st ep,

the appar @%ﬂélgos‘ft@@héoﬁnaﬁ‘@é(ta nﬁ%‘ﬁb oﬁtv!n 39%&1&&@ Rrial 1MsX¢, gg tank, or a

fluidized react or e note at the process can be carried
out in anpossfbl@m)ntnpmgma&: th@ﬁhdhamdecomposummwmlaam onscegiveioasdlution sone of

the steps, usi.n e ereact r or rrultlple stage reactors. In

anot her eRYBE ?ny%fggr%s &?ih]ﬁ]%g&g{l@ d%re done in batch node, and sone of
the steps are fmog moﬂmnm%erﬁwﬁa FodlRe cbﬂngrtﬁe eAAaGhAT8Pionasul fiding is
done in a continuous node. In one enbodi nent he process Is carried out as

a bat éh pccm)mnmddadas mqsgm@omseladhez)fonmmfm@ommd}dxdiq&réd kdemsan e. g.

gfa(r)ém ng %o??né‘ 1tra 10 of Pstg l“Eil’ gforc]:g ele(’rinne(rjlt me{afn ragglgg flr%IrnI aboul[ H lak % tg %thl ySt in the

[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,
e.g., heavy oil or coal, wherein it will do its chemistry under the appropriate process
conditions.
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equi pnrent, wth the steps being carried out in sequence after the

conpl etion of the previous step. [0134] In another enbodi nent, the
process iwoaohatetsopr ocess with nmultiple reactors in sepcedsandosiosh each
step being carried out in a separate CSTR In a third 10enbodi nent, the

process is con o s wth the precipitate or catal yst precursor effluents
from one step B@qi htfoéhlil VKD &t kpStioRe PhECIRGRAEECUrEYISGR t he

m xi ng taaﬁﬁls%grsfb@@éiﬂf?ﬁ %oﬁ%'ﬂn@f‘orgéhlé REmpAUHA 9% GQALILfAYS ancPGvitﬁ_r ed tank
reactors (CSTRs), and can be a vessel equi pped heating ans havi ng a
nechanlcamﬂﬁnmsa@omﬁumnagsmahwndmﬂmemnﬂmﬁamyuﬂbamsadﬁwﬁnﬁb@hwcﬂlating punp.
The conponents i,ntrod ced Si nmu a§eous

15
sequent | AP RS 4§ SRR B REELu IR o DR EE i S Fe bl TBETeah refers to
bot h cont kuabsk ARIF RALGO, PERrRIS8fiding step WithlBRAIfidiAL a géﬂﬁhsr@tféhalt he

conponents can be done wWithin a contintous stirred tan or it can be done
by ot her feldeng yronganiagt \mﬁh p hydiioparben eernpousidxiara m@r@mcwmg regcpirgral ity of
i nternal a vessel 20
with pr Opgﬁye troei\ ta?du&g %ﬁnp & a %oges%l’nﬁ?ea%ﬁoq ﬂl %ﬁ% élrgeg r%gfl)%ﬁg& orgtsx%[i s{tu

conbi nat i anﬁelfngt”h&nab@vmbédimehumuhatm sﬁhﬁﬂl@s doag the ﬁﬂ:rrnhln one enbodl ment ,
hi gh shear HIXIn% is desirable to prevent the aqueous slurry fromsettling
or form nBCERMERItgaIoL th&smk@azfr&i@ﬁé}ﬂrﬁlr qoptaARing MetAiPICHEOBondi t i ons means
sufficient m Xy f RV 0. In
one e? odlnent(Egme9%$§%%£&¥%%%%2W?%UOUSQ¢gﬁgeggﬁﬁidﬁh 53%9%§%%§99

from 100 t@nﬁﬁﬁﬂsEﬂhlmahdeﬁsmﬂﬁameﬂﬂ%ﬁnmmaumﬁﬁphmuﬁémhbuﬁssuHUnm1ng a
honogeneous sl ur as nd enbodi nent, rbul ent m xi nmeans

suffi ci enPOP R X%ﬂswaﬂ%%ﬁ& CGESHBLIO s ukide SROR CaRBy Wiflke a i r d

enbodi Menty48cRENN0H, 481 MR Ith b 30GIdNE Jg%%%@%dtt@f&%f)& 1cdsPd 3fliddd one of

t he above enbodlnents the m xi ng can be under an inert 30at nosphere
conpr|5|nqndmqutmmunrSgéhwnmepmmﬁpyogad\mdlghxmhawbmgmwpnmhewmr no oxygen,
and n1§tu&§s er eqf qﬁ enpodi nent, the mxing is under a H2-contai ning
gas press e‘%fanS%ﬁ Vsu $i8ogen gas is added at a relatively low rate
before and aftFI39hﬁl&ﬁﬁ%ﬁﬂﬁnhanwbﬂﬁﬁm%&@vhﬁﬁﬁ@ﬁﬁ!ﬁmmhﬁ LGRS Aledast precursor
m xing takes place. In one enbodinent, the H2 flow to t%e transformation
step is kemura@rsmﬁtst)cczeb@edsfqrmn(go@lnmﬁ@é@r%wr@m%ﬁb@ﬁdveﬂ@édatt% t he
reactor). 00 to 1000 SCFB.
In a third @ﬁgvé gltgm%{mg&ﬁg ?F'{‘% Eg%lgqég fg)vﬁ%; %’8‘??8%8‘81’ B. 5[0137] In

any of t hema@mﬂenenho@lmeﬂd Smbbdnﬁleﬁeiﬂ&i rafi6 ﬁdhlgé§ﬁbmfe¢)6dt BRtea?y. chia be added
to the reaction m xture in solution, ‘%Fen5|on or as such. |f soluble

sal t s2%r ethigraebodimenictiomilaaip 1id0 Ipip dawthembadimpgs, Freaclt {Qfe Wkt dhe and
Subseque%ﬁye@sod%%ﬁe el rinft B hoHRAM AR b @R Y HoliPld fo° heat ed

optionall er vacuumto effect precip and evaporation of the
wat er . Inhmmaz&mﬂmmmmann¢ﬁmgn@dﬂmhwmmnt@nﬁﬁmm@tneﬂHprtepumsmes at least a

bi nder naterla%.and / o& sacrjfjcial material can be optionally added to
the mi xt uF3BSng B ARWPRFIGI0 309APEE- any of the optional binders descri bed

above and / or (@4pr &LeHSHhbIdNBERSTitH éneaofnﬁ@awa$pfec@ﬂsa%%m@aats%[ﬂaal al S added
in the formof the solution, process condition can be adjusted so that

preci pf t atqusaupsolutinn dfi ahlelaélrmﬂtayhml:@ude isTopfiondB] added tmbe arrbmglsmn@ ( not

Gur i ng. t niresap ot mAGEr Ry P Pish oA SRt rh Grml B ment

(not  showpjecurlsBEmSdtie ¥ayCrattBby@inpiis¥ bihe plotnctetih@glt conpoasits,wat.i on radi ation
to further inprove the catal yst characteristics. |In_ another enbodlnent t he

m xt ure i sobsfisjrsbromigmmogipongitendn pye enbedEBEHR ther Pt faenction) of metal

el ect T OMgneLlGrSPELAN b8, SRR B ABPRI GAG FLEARAH YT YR, catal v

character urr re can ly to a
hydr ops oc gasproguree adthahc ydghihio ublvbﬁ@en%edhjdwcawwrﬁmxmmv alkanémrndt he
presence of water will take up unnecessary roomin a hydroprocessing

reactor. PIPMSHE cempeidtent , the oi| based catalyst slurry mixture is passed
to high press Ufd»s$ eRpLRY é?ﬁbcfdﬂﬁ&nt,st}ﬁg\?maltp%&%ﬁ)ﬁﬁxture 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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25water fromthe slurry catalyst prior to entering a hydroprocessing
reactor. In another enbodinent, the oil based catalyst slurry is

pr e- condiwoanadesisoh hydrogen (not shown) prior to entePCmygSaoi0/057031
hydr opr ocessi ng react or. [ 0140] Use of The Catal yst: The catal yst

conposition is ful for up drn rbonaceous feedstocks which include
at mospher Peiwgan Sy 18 2 sgRpRd RS AEN T By %ygcfeaaﬁﬁaﬁrrteﬁﬁmal%g | efins,
oil's deri Pﬁd:aﬁ 'B@Hbﬁé‘ﬁy§ bRE oPhLiH B he ericltl%n‘E'rﬁHuYee@r Béicﬁﬂg g@[ﬁfmunlaeavy crude
oils, synthetic oils Trom |scher Tropsch processes, and I's derived from

r ecycl ed wihichwstmpossngop tdnyreatare 1ﬂ¢rea&¢antally§toxutmpmsmtﬂ om)ns thatis ef uI for
but not I|mt dto(g%dro natlo u&g Edlnﬂ? ses sﬁ%asther
hydr ocr ackKPRETVAY AP ?‘58 ﬁ‘aeasﬁgl?ﬁ e Earpple rlllreah{/‘ PSP cat i on,
and hydr odgamekiab] #at 1@0ne érﬂba/cﬁﬁleamtetm 1sQ:6ﬁ@Ql'lélﬁIﬂtEh tHab heSHAt e Cat al yst can
al so be used for gretreatr ng a carbonaceous nmaterial and / or for

| i quefyi nge%tn@agb aceastion defasy fram thefinalad] sldipreqiigtedion. | n one embodi ment
of coal |iquef Oﬂb%t?et g"%fad\,\%gﬁt ?te &lr'm rfo g%%?ec(lglta?é WY §gQpt e ground

coal at a rate ry 44sh-free

basi s or pﬂa&ﬁrsorbmﬁdt@r): is Rblagyd ﬂcrmﬂegrc@ttd @Eﬁmg mle&loaak@dwnstn ths alft@wﬁd; via
in-situ squldatlon In one enbaodi nent, the in-situ sulfidation is carried
out by ni QitFgosy eriHugtiogydgcantatipy, Wrtcﬂ@b@étl%ﬂ%ﬁ@?mi)ﬁrpheweéd coal and a

sol veny ?%%%)%H%E{ _jl_heeprg%urid: T xR 10%&18%5@1&'téd’w angulgtﬂ \dﬁﬂltv pcoal ratio

rangi ng in one ment “'n a second
enbodi rrentommermally[a@zﬁﬂé?ljleI&telystqtrasiujﬁdmgegqmosl tion can be used to treat a

plurality of f nder ran .eac ndi ti.ons. suc

t enperatures o 9919? \A%’ Hb%’#‘g‘?% F gdxigg, the hlgs‘ﬁto 300 bar
(72 to 433dcPSbr Mxt@m@s LendQ Mﬁ% sulh'd eHPE‘%' ﬁnﬁ%@rﬁn‘é@ﬁ”ﬁ@'(ﬁ[ﬂggs of from
0.05 to 10 h-1 and hydrogen treat gas rates of from1535.6 to 2670 nB/ nB

(200 to 1500Qe§CHOBjime ranging from4Binimutesdné hemtsodinmertembodengtabess pressure

range fro about 10 MPa (1, 450 i about . 2 625 ps about 15
V(35 17BNyt shp e BBy beds s R g dentt s SR TEsa 50 psi )

or more thafdkg JBa, é% @thoRsin} sulfileid dquebh WauohYn SRASErKRIVOG the (LHSV) of
the feed wll l@éeneral y range from about 0.05 20if' to about 30 If', about

0.5 11-1 mstadpdtstfopgmofe favatebletcondiyion far suffidgsent 20 1f', about 1.5 h'

oar Teast 5 1981 BSHEerficldedpufRibydtliobornlARER BIRARL CET00 o1 1

is at |least 5 east 20 h-1

anot her eshapourEnt.g., hﬁmdnttﬁ}{prtaﬁ@e&e tnr @mogzbafvtetsoctﬂa&dﬁn&mumn yet anot her
enbodi nent, the LHSV rang,es fr HSV. The (contacting zone)
proces$ tmbdadateurseprlawd sbrwgtrtrlﬁaaatta%swtfo@e(svlﬁdmg 3B’ 600C (1112 F)

in one enpq to a 4652 QF) ¥l 1Fi L@ hent, nore
t han about 4% % e#9§%%3r5?1§%anot eere englrg?rgnentddl %12)2}}19%58 %%%processr ng
can be pr acltast edulifir aidgiverandopeonatlgothionnddicneskramdc 0 ale o€ cpr.asticed in

ei ther count ercurrgzt FI OW Or. co-current flogrg)g B 30 count ercurrent
f1 ow mode PHaiREgHnd 4 Op P FORRINIGH Aeaniq afditives 8o PEORHCPIBIRE ount er cur r ent

to the fl gynRftellydE OGRNCRPARIR Bdn bieRturd@sth tHOGiIfNHE QPER S RRIdAG
25  the incorporation of sulfur 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 is between 60-150°F. In one embodiment, the
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al so includes slurry and ebul |l ated bed hydrotreating processes for the
renoval of sul fur and nitrogen conpounds and the hydrogenati on of aromatic
nol ecul eswpresawtison | i ght fossil fuels such as petrol eegrrasdeldiostodl | at es,
e.g., hydrotreating a heavy oil enploying a circulating slurry catal yst.

[ 0145] The eds for. use in hydroprocessing processes uysing t cat al yst
may i ncl uaé%g%ttqndﬁ auhsrarer Cia _ oaRer o Jas eoiced eg@ealn&@t,ﬁae@rq%l%ﬁ%quced
crudes, 5@@{&1@&%@%& crhBSdimBRAL 82 sultdfiol pRALSisPbds ShantdoBRRRNEr | ¢ and
vacuum gas oils, coker gas oils, atnospheric and vacuum resids, deasphalted
oil's, dewaxed H1108] Isya@kothexashodiinsuthie-sTifolp8erhiswanted canet avi xt ur es t her eof

Speci fic exanples range.fro he, r e ively 1igh i,stillate fractions up
Co hi gh. OV SrBERE: Uk MUPE et g0 e ot tHps il ¢ hues,
vacuum t O¥gftaif B gAY ?resﬁfr@.pﬁﬂﬁe slensalal ttaperh@sd dudlowl@BhbaheToatler cycl e
oils, FCC tower bottons, gas oils including coker gas oils and vacuum gas

oi | s, deastsalfidseg 2asst, dueh asrfd- Y Rer theecasgofginmonipm syHedesabsionntbat , t he
f eedst ock j .C10+ f.eedst ) n r the f stack i.s selected from
L ert ] o plolef ik dHepl SrARRt s of ApBORYRR el ARERL Riolhe S o Lol T onT

st ocks botdnpegatade @f ¢hc2s3Diling hgemt | ogtiovial Sompoyndiitef the adaetorislgeatrati,
furfural -extracted lubricating oil stock and 15other distillate fractions
whose poufarped Aut & [ IRGreased preysuse. 3p &t 4 dEodeed khs hydragsn SeRtpmEr 845t hi n

certaipn s Liicatd My di t,. the

feedst1 Qckgle%%fﬁ%(g‘?enﬁ%@SOEE{SQt%rﬁ%eiS%Fana?reo%lgtgt %%aﬂ i tu?éc: e(ﬁ,gg%.’ S%tbﬁ east 10 wppm
ni t r ogen, mixtutehef hpdropaf wah gértr gases suchgs mitcapepohohids, mBttennt eghimecan al so
haveasign'ficant Sul fur conte ranging fromabout 0.1 wt. %to 3 20 w.
% or hi gh&Pon RNYE e%%fdﬁ%%e tment, the feedstock is a feed derived

from crude oil g)103#l ShcQirhi%d@Achtt BE s8RAIS0RS W dn ARV URbAIGMS eeds such
as those derived fromthe Fischer-Tropsch process, having initial boiling

poi nts of syfidasadntiahatn t8hHGatire hitgher amBgeaicind 2508 anp iretheipneskustefrréduced
crude hydr.ocr acka , raffinate hydrotreated oil.s, .atnospheric gas

o 1's. T ac it ouD bR e sledgRe Do ST HERRENeS s unB TRB G C e,
deasphal t glo@hahstes, HigekemamaspnedlsHhBRicalbO RIS, Rhivareas, dictcaptet ur es t her eof
I n one enbodinent, the feedstock is a m xture of gas oil froma coker and

vacuum di glephalatand miktueastheaelent i onal crudes, derived fromdistillation
towers (atnospher Vv ! d r r [ otr. r. ol vent
extraction uni s,ObgHgg%aey 0?\?/@%@&1&%%% 1élrff:t]gﬁs%%o epuﬁgé{r?%&g%%f%ﬁ u?n% %negu n yet

anot her epdlogbr e resdbhgrotieadf sieaukiidisg sep @t garr§ troan ajudeowd sdhitlohat es from
fossil fuels such_as light catalytic cycle cracking gils (LCCO;
ad5 o

di sti P? at 89akyess wilchpwahates sastletimrecepar progreintdhe SWlding akads or shale oil;
heavy cat lyyilic G RAK MGYA! for r@}@fﬂ% 6 KEMn @?*?%&?%%ﬁ‘g' |s derived

fromrecy ol " wast'es a poly vacuum gas and heavi er
resi ds, whpahtieasntai n several percent 3+ ring aromatics, particularly |arge

asphal tenic nole S. .[0147] The hydrotreati .processes. using the
catal yst may b B4 flhmeeer?lzﬂd}%% f%pmﬁs?% g tcasd %&E@gﬁiﬁlﬁgiﬁﬁeu ng
Goup Il QetdF@BBe bblvdB8SEg OinblybuSHIH EQANBObSWddrE iRB&hEERAJLTR L ursok he

catalyst is for use in a hydroprocessing process producing white oils.
Whi t e2fri ntr farthei ¢nbanesah¢ eciiviyiof ¢heotatalystar e col orl ess, transparent, oily

'1quids obtal ng By 1f N LEIAMNOG 1forS SRGInRSHE 2hERT HB8HS5A5KS:
optionally isolated from the liquid 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 with
the sulfiding agent, ¢.g., ammonium sulfide (NH4),S solution, and / or optional sulfur

additives.

25



[0148] The catal yst can be applied in any reactor type. In another

enbodi nent, two or nore reactors containing the catalyst may be used in
series orwO@rumesrsg i n parallel. [ 008] In one enbedirmnsnalg/osteel
catalyst is added to the feedstock (catalyst to oil ratio) at a rate of
0.01 to 3 w.%active "d" block elenment nmetals ("M and "L" in the formula
(RP)i (M) a(Lu) a@éi me%mé}@%f&mﬁbdlygﬂﬁe aatélaéfdﬁacvé%m%ﬁ 0 at arate

of 0.25 t g, gptinal ImbRiademblAIdtBTORMNTRY renflvaPndsAlBy@hbld QedtQpgR00 ppm In
a 15fourth enbodi ment, the catalyst is added to the feedstock at a

suf fi ci entatalgstecfivity béreusednamompnuntdeppéssintdam thelactinity bba hgdrogdnetioz one

h 0.005 t 0.05.wt. % d or he t.otal .wei ght f the f dst k). |
oIt ok oAt ey CRRRL T b6 St St B0 i Mg 07
Char acg er R%@éﬂt‘éﬁln B¢ adBebcdak Alows bitesEnd MGt @nki#dtd Oout st hbRok afddest of 20t he

formula ( , (ma(Lu)b(sv)d(cw) e(Hx)J(031)g( rz N )h having inproved
mor phol og?mgﬁéiﬂmn‘s ﬁ@r%‘i{fbﬁdc’?‘?éﬂat@@@fﬁlm @9%&539 Slﬂiﬁdp@rstﬁmrlﬁé‘d%@@itmg t echni ques

K . ‘ ! . | Lvai. ‘ | vsi
(BT ! PPk b OBl CBEA R TR0 P FRSuiRE RN
Scanni ng k@@t r dimnrivbisih 0SC P HadhSENYT, tofRsrgyitHAS Aeheiated dropyn Anldidysi s ( EDS) ,

and ot her nethods. In one nethod, 25electron m croscopy is used to

conpl enentng kelregangyresgnt mrthe $ysél-st udy. | n another nethod, the surface area
of the,catal ysty;i LS U] f Tt tioh g gt met hod,
scanni%g tunnerq r(l)g] %?%ﬁésﬂéopy @%%radqn%%gns@ﬁyh&%ﬁgt ?tg%’afﬂe?ﬁ)g%%yg(DFT) can
be used t optidmatlaticatcd nathtdt écastednaNycphtainbhen@oo@bhinarpadrysiis addititdelngat al yst

wi || show presence of Ml ybdenum Nickel, S ur, as well _.as Oxygen,
Carbon, 3 0#5%@839@&@%& #@f@a@ﬁ .addeé( to thg %}ﬁjé%aﬂopﬁte&{sﬂwﬁﬁwﬁ%’ t he
catal yst Bagutheh @ fnphOl iRy &iof)- 05-5 /g as determ ned by nitrogen

adsorption. Ina second enbodi nent, the pore volune is 0.1-4 nl/g. In a
third enbodi neft107f roeneenbalimtntgyith ex-sitf slfidihg ehbedfidehtatalystom 0. 1-2 m / g.

0151]_1n_one enbodi ment,..th at al yst has surface area of at, |least 5
o/ o1 n BReE R e hena ke B OBt iRal By bR R PG RE L T 1
embodi mentatal@staTulid REQuRI(RY,®L), A (IR H N7y ald ey dnibRiedi ment
t he surfacaetag[?tea is rgat(era)(t h?agl %J(SO\Q%Q/ g%%g%(er)r%i ned via the B.E T.
met hod. | with ipisfte ﬁuléa‘g@@dihﬁ@mtql Prerarsost ¢k yikehwih g hydiocaiben gpmpowtd gr eat er

han 200 Lent, th | i zed b
20 BB TS W A 0 sy AT 2,

ar ea gr eatlermilhadccdBPos® fgmid®h OdiBd¢d slorrpoataBRbiadilTent yet higircat al yst has an
ef fective suspended nmedi an particle size of 0.0005 to 1000 mcrons. In a
second? enBBaPHEIN Whersindhe Bic{Ad praquisors therasehyss gk fepeqngegds suldideo. 001 to 500

et ons L eSO B8 89, sl BB m erope. I
enbodi nentombined ead @&ldgd direetlyt toehd beavy oil facddtosper sed suspension is
[0108] The hydrocarbon oil for use in the transformation step can be a light oil
such as naphtha (with a boiling point above the boiling point 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 slurry catalyst can be subsequently quickly
30  dispersed into heavy oil feed in 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. In a
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15 characterized by a nedian particle size of 30 nmto 6000 nm In a sixth
enbodi nent, the catal yst has an average particle size in the range of 0.3
to 20 , urwo 2011/06615p0153] I n one enbodi ment, the slurry eatralsgsn/obmst an
average particle size ranging fromcolloidal (nanoneter size) to about 1-2
m crons. |In another enbodi nent, the catalyst conprises catal yst nol ecul es
and/ or extihRERpPdipent t egvjdrﬁa%rbp%r)ﬁéort%aﬂry e &ragaiPTBR PR 6T 8 %VY(?ll.'e., | ess
than 100 plyysih@ss than about 10 nm |ess than about 5 nm and | ess than
about 1 nm, which in a hydrocarbon diluent, formng a slurry catal yst

havi ng " cl ust ef@'09bin oteeeralidimetarittpanaiccbesd suifide catabystprgstreorsithavi ng an

aver age particl ize in the range of -, 20 m.crons W surface area of
o eater | RaleSofahpy G vhr et BRGads Sndrolil STty mont £ 1 on
conpri sesisApmkRBned trdy 8 a@lveHy8fcphebic RAITAEBH RicsSh ARSforf 08 fine 5- 10 nm on

edge. [0154] In one enbodinent, the slurry catalyst is characterized
by a crystiap¢rpion of pmall pgeregrics: algenceimbpdiment2he apgsssranvliiionhindhgur f ace ar ea
of greate : / IR . e i t o lyst is

character ?r%lté%‘%a%lgg rsr{a% ragé- %ﬁfﬁﬁlgﬁﬁé Ie%OI%lmgglrreneﬁg%L gl g %%thlaggﬁsg[}r}%l a){yisaﬁllmgah appar ent
pore vol upgsiop@ihcdiaigr iatcesiquil. tihenbeabydiaicht, 30 pottidawf € waet’he catal yst.
[0155] In one enbodinent, the catalyst of the fornula o

(Rp) i () BCENY 69 ad deanh 2 piRY theayaitgin jho mixdure pamaiatangda ¢ Nauid phasey Ipowder
diffracti KBRD)« 3y | L g [ di f fusion
peaks(ﬁgf ?g%v&hlﬁeg?%%gl ty. Ia%%g%él e éo‘)g?tr%}%nliﬁ%aq%sﬁlléﬂgeastg gf@?ié@g?@ﬁé‘ﬁ ?s or mul a
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catalyst. In one embodiment, hydrogen is added directly to the transformation step
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Hydr odesul furi zation (HDS), as well as APl gravity change and
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40 wt. %cycle oil diluent, with the properties as indicated in Table 1.
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of iron(l1l) dinmethyldithiocarbamate and zi nc diethyl dithi ocarbamate.
transformation step into an oil dispersible catalyst slurry. In another embodiment,
one of the metal precursors is first sulfided, then combined with the other (unsulfided)
metal precursor for the transformation step. In a third 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 is further reduced in particle size with a mulling or milling step (not shown), using
25  commercially available equipment, for reducing the average catalyst particle size to
less than 20 microns in one embodiment, and less 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
30 (e.g., elemental sulfur or a sulfur-containing compound) occurring in the hydrocarbon
feedstock itself. In one embodiment, the in-situ sulfiding is 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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5[0162] The catalysts were forned in-situ in the amount of 1.7 w. % on
netal basis of VR feed (60/40 m xture of VRto cycle oil), wherein 130 g
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Refracti VSrelspqu ﬁor@ 32 ’E)O%O%b%‘?'zﬁl eilﬁoﬁl%? %m%bc%%?e t, thGSi%Qs%u 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 are
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.c., 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

20  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, ¢.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);(M")o(LY)s(SV)ACMo(H)AO)(N?)  In one embodiment,
the solvent is 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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embodiment is carried out in a coal liquefaction process at a temperature of at least
200°C and a pressure in the range of 300-5000 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 is 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(NO3) 3,
FeSQO4, Zn(NO3); or ZnSO,4 in aqueous solution (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 1:1 to about 1:200. In a second 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
either batch or continuous mode, then transformed into an oil-soluble catalyst slurry
in o1l 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. In 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] It 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 to bein 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.
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with a M-N catalyst 200f the prior art (Conparable Exanple 1). In this

exper i ment 3 gL pLent SABl oS, LaLe oSk ecodd DnfoinehliS 20Dy cel €
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 least a
metal precursor, €.g., an oil dispersible sulfur containing organic compound such as
zinc dibenzyldithiocarbamate, iron (II1) dimethyldithiocarbamate, etc. The metal

15  precursors are first combined in mixing tank 10 prior to the in-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-situ sulfiding, wherein the
precursors 1 and 2 are combined directly with a hydrocarbon diluent 6 in mixing tank
10. In this embodiment, at least one of metal precursors is an oil dispersible sulfur
containing organic compound, ¢.g., iron(Ill) 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 (R”)i(M)u(L")s(S ) C™)e(H)(O")o(N)s.

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 8, with at least one of the metal precursors is an oil dispersible

sulfur containing organic compound with readily releasable sulfur. In one
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1.6325 1. 5884 EO]%Bi%igure 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 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 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
(ROEM)a(L5(SNAC™)(H)AO)g(N)s.

[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 in tank 40, forming a catalyst slurry 7 of formula

25 (RPHMY)ALYHSH)ACY)(H)AOY)(N), for subsequent use to upgrade a heavy oil
feed 8 in hydroprocessing reactor 40. In this process, at least one of the metal
precursors is an organic compound.

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

30  way limited to the equipment as shown in the Figures. Depending on the step, the
apparatus can be any of a ebullating 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 thereof for some of the steps, using a single-stage
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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, sulfiding 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, ¢.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
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 tank reactors
(CSTRs), and can be a vessel equipped heating means having a mechanical stirrer, or
a static mixer, or by means of a 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 continuous 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 a 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 homogencous slurry. In a second embodiment, turbulent mixing
means sufficient mixing for a Reynolds number of at least 3000. In a third
embodiment, a Reynolds number ranging from 3200 to 7200.
[0136] In one of the above 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 H,-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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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.

5 [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 thereof. 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 slurry catalyst mixture is subject to activation radiation
to further improve the catalyst characteristics. In another embodiment, the mixture is
subject to high intensity ultrasound treatment or electromagnetic energy to reduce the

20  particle size and thus the catalyst characteristics.

[0139] The resultant slurry 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 slurry is pre-conditioned with hydrogen (not
shown) prior to entering a hydroprocessing reactor.

[0140] Use of The Catalyst: The catalyst composition is useful for upgrading

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

30  deasphalted oils, olefins, oils derived from tar sands or bitumen, oils derived from
coal, heavy crude oils, synthetic oils from Fischer-Tropsch processes, and oils derived
from recycled oil wastes and polymers. The catalyst composition is useful for but not
limited to hydrogenation upgrading processes such as thermal hydrocracking,
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Fe/ Zn- DTC Mo-Ni Bl ank Total feed+catalyst to reactor, g 155.12 159.55
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Extracts fromreactor & catalyst, g 14.15 14.32 37.16 Dry solids

(catal yst gﬁ3i1(irot%ga%nig?ﬁ}zdﬁfg&)elégl)fﬁriz%tion, hydrodenitrification, and hydrodemetalization.
In yet another embodiment, the slurry 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, a 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
elemental 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 temperatures 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 velocities of from 0.05 to 10 h™ and hydrogen treat gas rates of from

15 35.6t02670 m’/m’ (200 to 15000 SCE/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 h', about 0.5 h™! to about 25 h™', about 1 h. ! to about 20 h™!, about 1.5
h™ to about 15 h™", or about 2 h™ to about 10 h™. In some embodiments, LHSV is at
least 5 h™', at least 11 h™", at least 15 h™', 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 either 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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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,
brightstock, cycle oils, FCC tower bottoms, gas oils including coker gas oils and
vacuum gas oils, deasphalted residua and other heavy oils. In one embodiment, the
feedstock 1s a C;y. feedstock. 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
other distillate fractions whose pour point and viscosity properties need to be
maintained within certain specification limits.

[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 also have a significant sulfur content, ranging from about 0.1 wt. % to 3
wt. %, 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 oils, coker gas oils, atmospheric
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 distillation
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,
the feed stock is selected from mid-distillates from fossil fuels such as light catalytic
cycle cracking oils (LCCO); distillates derived from petroleum, coal, bitumen, tar
sands, or shale oil; heavy catalytic cracking cycle oils (HCCO), coker gas oils, oils
derived from recycled oil wastes and polymers, vacuum gas oils (VGO) and heavier
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10and products collected and anal yzed, in a procedure simlar to Exanples
2-4. [0167] Fromthe results shown in Table , it is observed that

t he m xedwbeeoddmeembal yst had the highest catal ytic acti ectrysat10/6670Zn wei ght
ratios in the vicinity of 1:1; with Zinc corrponent content of 60 w.% (in
total Fe+Zn on aI S basis ]) bei n desi rabl e f eed gr adi ng
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1.5894 1.%?&111165'5823 1.5925 1.5875 APl gravity, 60F/ 60F 8.3 9.5 10.9

[0147] The hydrotreating processes using the catalyst may be suitable for
making lubricating oil basestocks meeting Group II or Group III base oil
5  requirements. In one embodiment, the catalyst is 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] Inone 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)i(M")o(L")s(SV)d CM)(H)AO")g(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 0.005 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")o(LY)s(SV)A CM)(H*)AO")g(N?), having improved morphology

and dispersion characteristics can be performed using techniques known in the art,
including 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  clectron microscopy is used to complement the x-ray diffraction study. In another
method, the surface area of the catalyst is 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
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ml/g. In a third embodiment, from 0.1-3 ml/g. In a fourth embodiment, from 0.1-2
ml/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
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. 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 m?/g.

[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 is
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 um.

[0153] In one embodiment, the slurry 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
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 hydrocarbon 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 area of greater
than 100 m*/g. In yet another embodiment, the catalyst composition comprises
single layer clusters of nanometer sizes, ¢.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 m?/g.
In another embodiment, the catalyst is characterized by a macro-structure aggregate
with extremely high apparent pore volumes providing access to the heavy oil
molecules to the catalyst.

[0155] In one embodiment, the catalyst of the formula
(RD)(MH(LYH(SACM)L(H)AO")o(N?)y is characterized via X-ray powder diffraction
(LRD or PXRD) as a poorly crystalline compound having diffusion peaks of low
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increments. In another embodiment, the catalyst has three diffraction peaks located
at Bragg angles (2-8) of: 25 to 30°, 45 to 50° and 52 to 60° (from 0 to 70° 2-6 scale).
10 [0156] Figure 10 shows the X-ray diffraction pattern of an embodiment of a
Fe-Zn catalyst synthesized from organic metal precursors, e.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 (RP)i(M")(L)s(S")a( C™)(H)(OY)o(N”)y, 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 lecast 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
(RP)(MLYs(SACM)LH)AO")g(N?); 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 is 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%. As used herein, conversion rate
refers to the conversion of heavy oil feedstock to less than 1000° F (538°C) boiling
point materials.
[0158] EXAMPLES: The following illustrative examples are intended 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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Feed Exanple 6 Fe/Zn-sulfide (1) Blank Refractive Index @20C 1.6325 1.6099
1. 6048 APl gravity, 60F/ 60F 1.5 9.7 8.9 MCR, wt. % 19.12 11.98 14.96
Sul fur, wo?20413866602. 20 2.38 HC nolar ratio 1.28 1.267PtTA%9010/057031

[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 29
MCR, wt. % 19.12 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 1600
Sulfur, wt. % 3.56 1.01
H/C molar ratio 1.280 1.041

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

dimolybdate was combined with 1850 g of hot deionized (DI) 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

10 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 transformed 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 slurry. 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(Ill) dimethyldithiocarbamate (Fe-

40



Solids in product slurry, g 0.0 8.7 17.2 Tol uene-insol ubles (coke), g 0.0
3.6 4.8 Ranp/soak tine, h nfa 1.5/2 1.5/2 Soak tenperature, F n/a 805 805
[0170] A wanpli@eefsobul k i ron-zinc slurry catal yst was prepaseadofsmal a

m xture 10of iron(III) di et hyl di t hi ocar bamat e and zi nc

di et hyl di thi ocar ba rati al s, hasi.s ther mal
deconposi bitSR: e Sreinyisitha- C?ﬁ% dgéhn é? s eI %%vromv Mg haterne
1 on-2i ne ARy GaLAIS! BRisY @%@%%aﬁah%t Lartaf 1Undegn deo 6OREZAT ons
simlar to those of Exanple . Experirnental results-are shown I n Table
7, With was ustdtweith @mistuty @fnton(ﬂh d{methgldithioggbymalesiod zme| dieteyl dftloo-
corrparlso&1r alng,[ble 7
5 [0162] The catalysts were formed in-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 in 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 analyzed for
refractive index at 20°C, API gravity (60°F/60°F), micro-carbon residue (MCR),
boiling curve (simulated distillation, 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 API 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
API gravity, 60°F/60°F 1.5 9.2 10.9 135
MCR, wt. % 19.12 10.54 9.84 7.58
1000+°F, wt. % (SimDist) 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 43.8 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 2.5/2
Soak temperature, °F n/a 825 825 825

[0164] The Fe:Zn catalyst of Example 4 was compared with a Mo-Ni catalyst
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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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
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 slurry 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-
insoluble material (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.

Wt .
ratio 1.28 1.303 1.239 Solids ipnoTarseanms703i urry,

Table 3
60/40 Feed  Example4  Example I  Blank
Fe/Zn-DTC Mo-Ni
Refractive Index @ 20°C 1.6325 1.5884 1.5779 1.6048
API gravity, 60°F/60°F 1.5 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 slurry, 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 1.5/2 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.
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 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 2.10 531 4.78
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[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(III)
dimethyldithiocarbamate (Fe-DTC), zinc diethyldithio-carbamate (Zn-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 mixed
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 Zinc component content of 60 wt.% (in total Fe+Zn on metals basis) being
desirable for feed upgrading.

15 Table5
Fe:Zn ratio 1:10 1:3 I: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 10.9 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 2.5/2 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 is 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(IIl) and zinc nitrates
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| oading on a d basjs of 2 wt% Zn. El ntal sulfu s added t g, sul fide
the zinc, at S&ﬁjgf’tv%?-‘!én fatio of 2-1.  WE02011/ 066156RCT/ US2010/087031
[0176] Run 3 H//E Mmolhefgat of Run 1, wheneign iron nitirgye was usediags the
catal yst precursor at an iron to coal |oading daf basis of 2 w % Fe.

El enent al sulSblids inggodidtieldrmyog sul fi de the iron at a83 to Fe ratli’®@ of 2:1.

[0177] Coal versi o et erm ned follows: (s0lids recovered - (ash
in 5coal + rg[ﬁgl*?él?élawglﬁ)ﬁ\%ls@%e;’)g coal fZ‘Z%. By subtrzgiti ng the sg‘lgvent added
at the begi nRaAg/@bk AR, hun, oil yield yas determ neglzbased on jcpal daf
(dry, ash-free) basis. Product yields conparing the three runs are

t abul at ed i n SpablemBratqighile 8 Run React®®n Conditi of0Li qui d Vi e3® Coal
Conver si on Gas—¥+etd

[0170] A sample of bulk iron-zinc slurry catalyst was prepared from a mixture
10 of iron(Ill) dimethyldithiocarbamate and zinc diethyldithiocarbamate at 1:1 ratio
(metals basis) via thermal decomposition in oil under hydrogen pressure (700°F, 1000
psig). The iron-zinc 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
API 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 slurry, g 0.0 8.9 17.2
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1 430C, 3 hr, 1% Zn, 1% Fe, S 73.8 97.8 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] Exanple 8 (Fe /
Ni): In twooBwaepsbe, performance of a sulfided Fe- N Ilpasas2c@aiogst was

conpar ed
cat al yst.

nitrate.

coal at an

to a sul fided Ni-based catalyst and an unsul fi ded Nibased

0 coal 15 loading on a

A—RHA—L—a—S-0 -0 A—0f—a——a d—Cat-al- - St—p-e-c-H-S-O—i-R—HBt-h
was prepar edofueperingokubles (¢akebfe i ron ni t+@te (Fe(NO&. 9H20) ardi®ni cke
AS??%HB?QIQ of Exanple 7, thelﬁgtalyst presur sor was boaded onto

af basis of 1 w% Fe, 'and a N

anol

coal | oadi n§ogitempdaturbzesi s of 1 wt % Nin/aEl enent al 886l fur was &dded to
sul fide the_iron and nickel at 9 S to Fe mnlar ratio of 2-1 and a Sto Ni

rati o of
cat al yst
El ement al

2: 1. Produgtlsyireblds if pravati e, MehiEHRImAbRarit O BdafY oflupEalak frddessTabl e 9

10

15

20

25

2: 1. [0179] In Run 2, nickel nitrate was used as the

to

t Ni, .t |, | oadi ng.at daf  basi 2 W % Zn.
"t IATREomhait o Bedii vl EHE LB R Rl ot o o

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

Zn based 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)
3'9H,0) and zinc nitrate (Zn(NO3),.6H,0) dissolved in methanol was prepared. A
sample of moisture-free coal feed (i.c. less than 1 % by weight water) having a
particle size of less than 100 mesh was impregnated to incipient 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-
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
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 containing the sulfided
solvent/coal mixture, hydrogen and any reaction products was quenched to room
temperature. Product gases (CO, CO2, C1, C2 and C3) were vented through a wet
test meter to determine the gas yield. Solids, primarily unconverted coal, ash and
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 a S to Zn ratio of 2:1.
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Run Reaction Condition Liquid Yield Coal Conversion Gas Yield 1 430C, 3 hr,
1% N, 1%Fe, S 73.3 97.5 16.1 2 430C, 3 hr, 2% N, S 73.4 96.8 14.9
[0180] BMsopba/@6(5Fe / Cu): In this Exanple, performncecofusaowsobfosted Fe-
25 Cu based catal yst was conpared to a sul fided Cu-based catal yst and an
unsul fi ded Cu- catalyst. In Run 1, a.solution of a m xed catal yst
precursor in ng(ﬁ%gﬂ@néﬁbﬁB%Heﬁtgorhﬁ‘%nl’r’fmq%? JOp BH{AEBI3US %}heﬁﬁﬁﬁ&pper
nitrate Was HiEPARGron 1 odtGoadifd &AHILHOBEL RMZCEL UBRALAP /13 Lvgondi ti ons of
Run 1 (Exanple 7) were repeated Wwth the mxed Fe / Cu catalyst precursor
at a Fe t addeddd sulbddihegrammata SdefFcragd ef 2fl. 1 wt % Fe, and a Cu to coal

: ; o
| oading on a df@lg?ﬁ%égl %ﬁ&é&%ﬁ%@te%&%&]&ls %omolsvusp(sglidsl:\}uerc]ox;ere S (arsﬁ{i)ﬁa ated but

wi th copper ni
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 8
Run | Reaction Condition Liquid Yield | Coal Conversion | Gas Yield
1 430°C, 3 hr, 1% Zn, 1% Fe, S 73.8 97.8 16.4
2 430°C, 3 hr, 2% Zn, S 504 80.6 25.3
3 430°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(NO3);-9H,0) and nickel nitrate. As in
Run 1 of Example 7, the catalyst precursor was loaded onto coal at an iron to coal

15 loading on a daf basis of 1 wt% Fe, and a Ni to coal loading on a daf basis of 1 wt%
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 2, nickel nitrate was used as the catalyst precursor 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 Niratio of 2:1. Product yields comparing the runs are tabulated in

Table 9.
Table 9
Run | Reaction Condition Liquid Yield | Coal Conversion | Gas Yield
1 430°C, 3 hr, 1% Ni, 1% Fe, S 73.3 97.5 16.1
2 430°C, 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 a mixed catalyst precursor in methanol

employing iron nitrate (Fe(NO3);.9H20) and copper nitrate was prepared. The
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5 precursor at a Nl / coal l|oading on a daf basis of 2 wt. % Cu. Elenental
sul fur was added to sulfide the copper at an Sto Cu ratio of 2:1. Product
yi el ds arwotatwiéatsed i n Tabl e 10. Table 10 Run Reacti onpPConseeioos7o8i qui d

Yi el d Coal Conversion Gas Yield 1 430C, 3 hr, 1% Cu, 1%Fe, S 71.1 96.6
19.8 2 430C,,.3 hr, 2% Cy, S 71.3 96.3 17.4. 10[0182] le 10 (Fe / Co):
Per f or man€¥4ons o fupild&aamalech Yrae Eperiad anhdh %%E@mn%aﬁ% a sul fided
Co- based gl%t:eﬂs&sat Ao 2BalUBIhS biig dafsRazadvieptal mat d 6 &dNodding SO ution
of a m xed catal yst precursor Tn nmethanol was prepared fromiron hitrate

( Fe( NGB) 300 kizef basmscbfdobtdb Cuni trate. The conditions of Run 1 (Exanple 7)

were repeated w.th th Lxed Fe /| Co cata recursor t Fe 15 to
coal | oading onh§lhh¥ﬁﬁg21‘mb “Tsﬁﬂ§@§§¥ug%gﬁﬁg fPB“%H%ﬁﬁ?Sﬁgvﬁg on a daf
basi s of Iroah%%iGa-a Nal /RBNbAdInS Bh bWaf MRS Faded of 0us Blidhdaltshgud wan and
cobalt at a Sto Fe nolar ratio of 2:1 and a Sto Co ratio of 2:1. Products

yi el ds ar eddcdbiabafidel therpopagsiag an . 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
2 430°C, 3 hr, 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 a 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(NO;);-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 wt% Fe, and a Co to coal loading on a daf basis of
1 wt% Co. Elemental sulfur was added to sulfide the iron and cobalt at a S to Fe

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

11.
Table 11
Run | Reaction Condition Liquid Yield | Coal Conversion | Gas Yield
1 430°C, 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(NO3)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:Cr ratio of 2:1.
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Tabl e 11 Run Reaction Condition Liquid Yield Coal Conversion Gas Yield 1
430C, 3 hr, 1% Co, 1% Fe, S 72.8 97.6 16.8 20 [0183] Exanple 11 (Fe
[ Cr): Peohormasarse of a sul fided Fe-Cr based catal yst was/usempasmdito a
sul fided Cr-based catal yst and an unsulfided Cr-based catalyst. In Run 1, a

solution of a taly curs I n et hanol usmg ilron nitrate

( Fe( NCB) 3. 9H20F61§§ﬂhbﬁ fgﬁﬁgﬁlf?%ﬁs \Bé%l IoVeis APRG eI MECHFIM M bns of Run 1
25( Exanpl gitdle a&%@ca&ap&g}r&%wrtaha ehg %a%%dﬁ%%'d&?b%e%?ﬁ%ﬁ% @t a Fe to
coal | oading on a daf sis of 1 wt% Fe, and Cr/coal | oading on a daf

basi s of Elom&gabsulfiE vesserdtied towullﬂwthwalyoanl@tedattao SstolGrirdteo 0h21i rlon and

chrom um ,at ,a,S: Ee nol ar o.,,of n 2: 1.
501/ 0661 BOBATRUS3 OB AoR 54y Witut fis gyl Rlos by Bt or run 1
were repegieshidispng chromumnitrate as the catal yst precursor at a C to

coal loading on a daf bases of 2 w% Cr. Elenental sulfur was added to
sul fi de the chiebids at an Sto Cr ratio of 2:1. In Run 3, Run 2 was

_rrgglegt ig w i{ég 1[ ¢ o atdfef:lniulpl;l: 4L;qukcg91e(fc1i )eoal gonversei‘org aatlila(s’j";ﬁgda n
1]430°C, 3 hr, 1% Cr 1% Fe, S 64.8 91.9 18.8
2 | 430°C, 3 hr, 2% Cr, S 344 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 oil (500°F+ cut) as solvent, at a solvent:coal ratio of 1.6:1. Titanium
diethyl dithiocarbamate was 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 to Ti molar

20  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 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,3hr, 1% Ti, 1% Fe, S 72.3 96.5 15.0
2 | 430°C, 3 hr, 2% Ti, S 50.5 83.5 29.6

48



Liquid Yield Coal Conversion Gas Yield 1 430C, 3 hr, 1% C 1%Fe, S 64.8
91.9 18.8 2 430C, 3 hr, 2% Cr, S 34.4 65.6 21.0 3 430C, 3 hr, 2% C 37.1
66. 4 20. OWO0 2011/066§50185] Exanple 12 (Fe / Ti): Perf or narce/uskoia/ostBf i ded
Fe-Ti based catal yst was conpared to a sulfided Ti-based catal yst and an

unsul fi ded Ti bas at al .The condi tions of 1 (Exarrpl e 7) were
repeated with @gg}kﬁaﬁp ?%@Of ﬁ%&@&%ﬂ@wpa?flqe%%ﬂﬁ?,

(Fe(NOB) 3,@ERMk: rAt@lMSII ﬁ’ﬁrﬁﬁ&ﬁ §%res%§n aﬁf’rflé‘soﬁércétﬁﬁ’%'s 39 o?tlo‘ﬁ@f basi s of
1 wt% Fe. Titani um di et hyl dithiocarbamate was next In the sol vent
coal m xt aundeoﬂhgr Iwrmdrctahva'tudsmsai inl tba dpasgficetiomanthélainas s to1be nndwr%)mil

El enent al I fur

S.:Ti nolar ratio of 2:1. 186] I n Run
2, 2 samptebort frErdde s msueedhy e o TASFhg, Hsgaiencd
5  to the contrary, the numerical parameters set forth in the following specification and
attached claims are approximations that may vary depending upon the desired
properties sought to be obtained by the present invention. It is 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, including 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 claims. All citations

20  referred herein are expressly incorporated herein by reference.
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wei ght water) having a particle size of less than 100 nmesh was m xed with
an FCC-type process oil (500F+ cut) as solvent, at a solvent:coal ratio of
1.6: 1. Tiwarnumediset hyl dithi ocarbanate was bl ended i n Phe/tsedw@nt03Toa

m xture to yield a Ti/coal |oading on a daf basis of 1 w% Ti. El enental

sul fur maz %ﬁded at a Sto Ti nolar 20ratio of 2:1. The m xture was then
heat ed qu L 9ﬁin a vessel to 200C, and held at 200C for 2 hours, while the

hydrogen parti al prg§§ﬂﬂﬁﬁ@b&gbpn&p@“%ﬁ§§ﬁkmhnpreased from about 100 psia
to about 1000 psia. The m xture was then further heated to 430C, and then

EEIS at 430C|;6¥?ﬁwhdmrbﬁhhﬁéoxﬂMﬁHEG§GHVﬁaﬁnnal Fressure of 2500 psi a.
roducts yie romt run r u e 25Tabl e 13 Run
Reacti on Condi 188mEFEE%%“§¥BP§”@8Q$ &3% %Fﬂ' g C, 3 hr, 1%
Ti, 1% FemeBl72.3 96.5 15.0 2 430C, 3 hr, 2%T|, s 50.5 83.5 29.6

[0187] For purggses of this speC|f|cat|on and appended cl ai s, unl ess
ot herw se i ndi ﬁ@@baah1<hdﬁ%éW%GE%ﬁm@§ ing quantities, percentages or

proportions, a n spegc and
clains, are toﬂg%%dn é?s CE%E eﬁ %E%l%&% EﬁnﬁnﬁP &Iﬁg %%%%?8 y the term
"about." Aeeomnti ngly, unless |nd|cated 5to the contrary, the nunerical
paraneters set forth in the follow ng specification and attached clains are
appr oxi mati ons Ottrat < wdy vary dependi ng upon the desired properties sought
to be,pbtainedyhy,the prgesent invention. It is noted that, as used in this
spe0|#|cat|on and t he appended clains, the singular forns "a," "an," and
"the," includeOpl(urtab) ved erefleesbunl ess expressly and unequi vocally limted
to one referenb.

<e<=11(a+h),
0 <f<=T(ath),
0<g<=35(a+tbh),
15 0<h<=2a+tbh),
p,t,u, v, w, X, y, Z, each representing total charge for each of: M, L, S, C, H,
O and N, respectively, wherein pittatub+vd+wetxft+yg+zh=0; and

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°.

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-
0 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 in 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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10 As used herein, the term"include" and its grammatical variants are
intended to be non-limting, such that recitation of itens in a list is not
to the exwbusilawersh other |ike itens that can be substi roras2an/oamwded to
the listed itens. [0188] This description uses exanples to disclose
the invention, including the best node, and also to enable any person
skilled in the art to nake and use the 15invention. The patentable scope is
defined by thegcl ai fge cf gst%ﬁlﬁo@l%ﬂ@?agtmtalﬁfgqm ShetdiRtheQGilfst t 0 those
skilled in the art. Such other exanples ‘are intendéd to be wthin the scope
of the cl haswspairt vohieye df@5- 5mltgcasmewlrmmeé@nmtsogehaﬂsaiptwmt differ fromthe
literal |anguage of the clainms, or if they include equival ent structural

el enents with insubstantial differences fromthe literal |anguages of the
claimss Al citati onge 2RaGEEIhRMsiiBh BF AnyPé el fxRI1eSS Whekdif BlcRAtadsed herein
by reference. CLAIMS: 1. A catalyst conposition haV|ng a fornmul a

(RP), (M) hgLauyusfasy pse 9€ pHRIt 60Y)Yg(Nz) h, wherein Ris optional, Ris at

| east a |l anthanoid element netal or an al kaline earth 5netal; Mis at |east
a "d" block elenment netal; Lis at least a "d" block elenment netal
different frongthe Tde éihl@@ﬂ‘coﬁip@ﬁiﬁﬂhoﬁ'@ﬁ}ad)fd%m@ 1<=2 iwtereid M bQQkbled=<5,
0.5(a+ b)<= d<= 5(a+ b), < ell(ath), O <= (at+b), o <g<— 5(a+ b),
150<h<=2( ﬁ@wmwndtlroruand\ﬁmxttlre&thesﬁof gnd E&qucéf‘ﬁrfé@éﬁtqcﬁﬁdﬂ@flélp charge for
each : H, 0 and N, respectively, wherein
p|+ta2ib+vém&g§§?¥§g;zh =0; and wherein the catal yst has an X-ray
pomder diffraction pattern mnth at | east three diffraction peaks | ocated at

-0 angl es of great
g 9 %Le catalyst cornp051t10n of any of claims 1 - 2, wherein M is Fe and L

is 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(I11)
dimethyldithiocarbamate (Fe-DTC), zinc diethyldithio-carbamate (Zn-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 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 a metal precursor selected from the group of “d” element
metal salts of acyclic acids, alicyclic aliphatic acids, carboxylic acids containing two
or more carbon atoms, and mixtures thercof.
30

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

molar ratio ranging from 0.1 to 10.
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2. The catal yst conposition of claim1l, wherein the three diffracti on peaks
are | ocated at Bragg angles: 8 to 18, 32 to 40, and 55 to 65 (fromO to 70
2- 0 scalwp.20PFB6iBhe cat al yst conposition of any of cl aiPag/ub201085708her ei n
the catal yst has an average particle size of 0.0005 to 1000 m crons.

4. The catal yst conposition of any of _cl ai 1 - 2 erein the catalyst
conpri ses cl ust&r Sn’gge EYRIYS; Ct?&}p°§1i¥12%8_fb‘fla}f?£‘|“€’§ lo'fz’l"ggge“:t‘ Hl?r?a%%@tnm in
size. 30 further coprille o ¢RI ox kRTRASIA WAciPlorHicOB) Gh 8K nlore 2, wher el n

the catalyst 1s added to a heavy oil feedstock 1 n a hydroconversion process
at a concerinraabn onidobags. | east 1200 wppm of active netal catalyst to heavy
oil feedstock. 50 WD 2011/ 066150PCT/ US2010/ 057031 6. The cat al yst
conposition of any of claims 1 - 2, wherein the catalyst has a pore vol une
of 0.05-5 nl/gigas dehetahiysictoRipobitibh @Y8RYy HUSARRLI 0N whfeid IR GalwR: kSt
conposition of any of clains 1 - 2, wherein the catal yst has a surface area
of at | eawdaCorrwcé.ogenatlon and glded pea begvalojisecdstnel ot b catakysidp odryptiopf cl ai ms 1
- 2, wher b@tghkﬁggelected fromzinc and iron and m xtures thereof and L is
selected Trom zinc and iron and 10 m xtures thereof 9. The catal yst
conposition of any of clainms 1 - 2, wherein Mis Fe and L is Zn and the
weight ratio of Fe to Zn ranges from 1:9 to about 9:1. 1510, The cat al yst
conposi ti on of l1&ny d&he eatalypicomposision gh ameehrlaims| leak twheprn §f isvelergdL i s

derived f RGU R LS REEEE LK QUL AGHOB A ank iRAGKY! )

di et hy! Eai ‘%?g?‘]baé@éfoe (@e%t%‘s g‘feﬁé d‘?g%‘%/?‘gfrtgﬁﬁ YoPpdd i ?Zn- DTC) ,

zi nc di i sprixpyes dhdréufogphidepb diféerers ditohat.es, nitrates, carbonates, sulfides,
oxysul fi des, oxides and hydrated oxi des, ammonium salts, acetates,

oxyl ates, citrates, napthanates and 20octoates and heteropoly acids of "d"
bl ock el ement fetal §p catalyst co%i'posﬂ'i'aﬁ o?éﬁ%ﬂcﬁ&inﬁqn@%&ﬂek&ﬁl\@fs Ryl clainms
1 - 2, wherein at least one of Mand L i's derived froma netal precursor
sel ect ed froomobhkt agd oap and mixtireb therdofel. anetectaddtan cellt andofonemdani ¢ aci ds.
12. The catal yst, composij t,i.on.of of claims 1 - 2, wherein at |east one
of M é??d Ell’?tg%aiqqr?/oggaq‘frl}ﬁljﬁ?alf%é?@lr%ﬁ}gcur sor selected fromthe group of "d"
el emrent netal salts of acyclic acids, alicyclic aliphatic acids, carboxylic

acids containing two or nore carbon atons, and m xtures thereof 13.
The cat al yst cégrposiThﬁ e#falyst compositios ofpmsoficlainp 1 whevhstain Bl & skkested nol ar

ratior angjoﬂlgchfr&%m'rrp arild i&c?n cjthod mixtures thereof, L is selected from chromium and iron

and mixtures therecof, and M is different from L.

20
19.  The catalyst composition of any of claims 1 - 2, wherein M is selected
from titanium and iron and mixtures thereof, L is seclected 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;
i1) combining the at least two metal precursors with a sulfiding agent in a

sulfiding step, forming at least a sulfided catalyst precursor; and
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WO 2011/ 066150PCT/ US2010/ 057031 14. The catal yst conposition of any of
clains 1 - 2, wherein the catalyst further conprises a refractory oxide
mat eri al wibi2oh/werspri ses 50 wt. % or nore titania, on oPCuEASk@®i0s703615. The
catal yst conposition of any of clains 1 - 2, wherein the catalyst is used

for hydrogenati.on and added to a h oi | feedstock at a catalyst to oil
ratio of 0.25 tib 4 Hixiggt eattleasta&@ﬁ(\féyﬁr@taé&%tareyglfS%m%Ea@fimhr%e any of

claims 1 zo@potMagh flalstinh theS@lmEk@dtalRt ficCRGARRES cadiht lcb@Bodfich M Xt ures
thereof, L iIs selected from cogﬁer and iron and m xtures thereof, and Mis

di f f er ent héviogrfdrmula (RP)(M)LI7)s(SHe( CE ANy o). @6pobiteion of any of clains 1 -
2, wherein Mis .sel ect fr cobalt and jron and, m xt s thereof, L is
ol onted v om RaBSPESIER i esirtbe g el Fe Bhat el £ or omt
fromLs metal: 18. The catal yst conposition of any of clainms 1 - 2, wherein

Mis selected from chromi um and iron and mxtures thereof, L is selected
from chroni um &hi 4t kst aaidd bieoktaleraentmpssleof, and Mis different fromL. 20

19. The catal ygt cQupogLdy Bl%cf()ftele?h%}{t @fﬁta%@e%ﬁom e 1r8§1i< EleMeh sel ect ed

fromtitaniumand iron and m xXtures er eo I'S sél ec romtitani um
and iron areéhlMxtures thereof, and Mis different fromL. 2520. The catal yst
conposition of any of clainms 1 - 2, wherein the catalyst is applied onto
coal particl esViTT A<cdal | i quefaction process at a concentration of 0.25 to
Sw. ypoof metgl.fe,coak on a dry, ash-free basis. 21.A process for
preparing a catal yst conposition conprising: 30i)providing at |east two

met al precursofs (aft i<t éxeni(a™d), bl ock el enment netals; ii)conbining the at
| east two matab<preg ﬁﬁsalors with a sulfiding agent in a sulfiding step,
form ng at | eaSt =S i"4&d cat al yst precursor; and 52 WD

2011/ 066150PCTHUS2014(,0py031 iii)m xing the at |east a sulfided catalyst
precursor with a“hydrocarbon conpound to transformthe sulfided catal yst
precursor intol0axgaralgst).conposition having fornul a

(RP), (M) a(Lu) ﬁg%%&%ﬁs’m)/(omg(m)h, wherein Ris optional, Ris at

| east "a | ant haho netal or an alkaline earth
p, t,u, v, W, X, y, Z, each representing total charge for each of: M, L, S, C, H,

O and N, respectively, wherein pittatubtvdtwetxf+yg+zh=0, wherein the catalyst
composition has an X-ray powder diffraction pattern with at least three diffraction
peaks located at 2-6 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;
i1) sulfiding the first metal precursor with a sulfiding agent forming a first
25  sulfided catalyst precursor; and
1i1) combining the first sulfided catalyst precursor and the second metal
precursor with a hydrocarbon compound to transform the precursors into a catalyst
composition having formula RP)i(M")(L")s(S")a(C™)(H)AO¥)o(N”)z, wherein
R is optional, R is at least a lanthanoid element metal or an alkaline earth
30 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
metal M;
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Snetal; Mis at least a "d" block el ement netal; Lis at least a "d"
bl ock el enment netal different fromthe "d" block elenment nmetal M 0 <=1 <=
1 0 < b Iwe20n/66150.5 (a + b)<= d<= 5(a + b), 0 < e <= PCFasb)10/08703f <=
7(atb), 0 < g <=5(a +0b), 150 <h<=2(a+b), p, t, u, v, w x, vy, Zz,
each representlr% total charge for each of: M L, S, C H 0 and N,
respectively, Qrer e i |+t atub+vd+we+xf +yg+zh=0, wherein the catal yst
conposi tion hag ap, f—ray powder diffraction pattern with at |east three
diffraction peaks |ocated at 2-0 angles of greater than 25. 20 22. A process
for preparing 85dattabystd senflesilt)i on conpri sing: i) providing at

| east two metab<pr%§i @grrz of different "d" block elenment netals, a first
metal precursot &n é nd metal precursor; ii) sulfiding the
first getal prg&gr&yyawy,)h a sulfiding agent formng a first 25sul fided
catal yst precursor; and iii) conbining the first sulfided catalyst
precursor and Qﬁg§eé6€hﬂbhet al precursor with a hydrocarbon conpound to
transformthe nto a catal yst conposition having fornul a
RP),(M)a(Lu)b S@Cg(%\%e@—k)/(OM)g(Nz)h, wherein Ris optional, Ris at

| east a | ant hapoi d, €lvenen;z, mlﬂﬂepw‘sexﬁmgabﬂaawar@ feaeddh c3OMELIZIS, CVHI, s at

| east a "d" block el ement neta is at least a "d" bl ock eI enent
net al di f PeddY, essaiYahe threvé IPbJ“éR‘Ll&‘LéfﬁéW?ﬂﬁ%Y&TZhWP 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:

1) providing at least two metal precursors of different “d” block element
15  metals;

i1) sulfiding a first metal precursor with a sulfiding agent forming a first

sulfided catalyst precursor;
i1) sulfiding a second metal precursor with a sulfiding agent forming a
second sulfided catalyst precursor; and
20 1i1) 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")5(SV)(C™)o(H*){(O*)o(N")s, wherein
R is optional, R is at least a lanthanoid element metal or an alkaline earth
metal;
25 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;
0<b/a=<35,
30 0.5(a+tb)y<=d<= 5(a+D),
0 <e<=11(atb),
0 <f<=T(ath),
0<g<=35(a+tbh),
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O0<=i <=10<bl a=<5 05 (a+b)<=d<=5(a+Db), 0 <e <=11(ath),
50 <f<= 7(at+h), 0 < g<=5(a+b), 0<h<=2a+hb), p, t, u v, w X, Y,
z, each rwpnese@wtisng total charge for each of: M L, S, pPCI/ud2010/0amed1 N,
respectively, wherein pi+tatub+vd+we+xf+yg+zh=0, wherein the catal yst 10has
an X-ray powder d'fjr?ction pattern with at |least three diffraction peaks

|l ocated at 2- 0VarfgFe(bt Pyreater than 25. 23. A process for preparing a

cat al yst conpogjtt Lon v, XTRI P%iaélﬂr'e resentingtdtaPERYiHoPGaclilof! RRSE, & WOpTEL al
precursors of different "d' bIocE el ement 15netal s; i1) sulfiding a
first met 8 andrgousmsotivaly,twheseis pifta-diltydageht/ i orati-Agwherkinrtbe caallyfti ded

catal yst precupsor; ii)sulfidin secon tal pregcursor with sul fiding
cent 1 or FVE Teb ikl it e Bt sPaefies SHERE bt bbbl ni ng t be
first sul bigdediGaratausd tpmeser sor and the second sul fided metal precursor
wi th a hydrocarbon conmpound to transformthe precursors into a catal yst

conposition having formula RP), (M)a(Lu)b(Sv)d(ne(Hx)/(031)g(Nz)h, wherein
R is optional, is,at least a |lanthanoid el enent netal. or an al kal i ne

i & ) )
earth metal; 25WM is”d™reY QF PECPARNS BB RR SEF UMM WIS | i s at | east
a "d" block el gment gfmlcﬁh ghi 1B dse e nelal pRActRErs o difRlregk debRiRRlent@Rt @l M 0

<= | <=1; <b/a<b, 300.5 (a + b)<= d<=5(a + b), 0 < e <= 11(a+b),
metals, with at least one of the metal precursors being an oil dispersible sulfur
10  containing organic compound; and
1i1) combining the metal precursors with a hydrocarbon compound to
transform the precursors into a catalyst composition having formula
(ROM)oL)6(S A C™)(HIAO”)o(N)3, Wherein
R is optional, R is at least a lanthanoid element 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 element
metal M;
0<=i<=1;
20 0<b/a=<5,
0.5(a+bh)<=d<= 5(at+bh),
0 <e<=11(atb),
0 <f<=T(ath),
0<g<=35(a+tbh),
25 0<h<=2a+tbh),
p, t,u, v, W, X, y, Z, each representing total charge for each of: M, L, S, C, H,
O and N, respectively, wherein pittatub+vd+wetxf+yg+zh=0; and
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°,
30
25. A process for preparing a catalyst composition comprising:
1) providing a catalyst precursor comprising at least two metal precursors

of different “d” block clement metals in a solvent carrier;
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0 <f<= 7(at+b), 0 < g <=5(a +b), 0 <h <= 2(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, respecwoOwvelyeéisher ei n pi +t a+tub+vd+we+xf +yg+zh=0, whererrusthe/osmBal yst
has an X-ray powder diffraction pattern with at |east three diffraction

peaks | ocated at 52-0 ng e greater tha process for
preparing a cablal ysfORBRPS F?FﬁﬁwgdﬁﬁPF%Fﬁﬁ %%%ﬁ%@gagﬂﬁa% 4l east two netal

precur sor gy @bedtbdd REGRbck, @om{%ﬁgmeﬁksgﬁﬁhed catalgath%bﬁl Mobhugt | east one of

t he net al precursors belng an oil dispersible sulfur 10 cont ai ni ng organic
conpound; (R e (@b ¥ AeDawhsr@ecur sors with a hydrocarbon
conpound to tr nsform 9.4 ca st C osi tipn having

For il a (Re) i ( Ry a0 50 BEs Bt S Pl 57w PB S opt | omal
Ris at | grel: a | anthanoid el ement netal or an alkaline earth 15netal; Mis
at least a "d" block el enent netal; Lis at least a "d" bl ock el enent
metal di f f er enM fsrapfaastie “d”"dlodkl bomensimatednt netal M O <= i <= 1: 200<b/ a<5,
0.5 (a + b) <= s s p/{atbly £ 9 <= 5(a
+ b), 250<h <=2{Ja§‘_%f)—l1e§s%? g Ql)obkglerneﬁt metai]'&l(ffz%}re% fro% trﬁ%p(rie‘élgclf Iz:lre]gl% Pt 3l char ge
for each afetalM; L, S, C H, 0 and N respectively, wherein

p|+ta+ub+vd+me6xf+yg+zh =0; and
<=72=1

10 0<b/a=<35,
0.5(a+bh)<=d<= 5(at+bh),
0 <e<=11(atb),
0 <f<="7(ath),
0<g<=5(a+b),
15 0<h<=2a+tbh),
p, t,u, v, W, X, y, Z, each representing total charge for each of: M, L, S, C, H,
O and N, respectively, wherein pittatubtvdtwetxf+yg+zh=0, 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°,
20
26. A process for preparing a catalyst composition comprising:
1) providing a catalyst precursor comprising at least two metal precursors
of different “d” block clement metals in a solvent carrier;
i1) combining the catalyst precusor with a sulfiding agent for a sulfided
25  catalyst precursor;
1i1) combining the sulfided catalyst precursor with a hydrocarbon
feedstock, forming a catalyst composition having a formula
(ROM)oL)6(S A C™)(HIAO”)o(N)3, Wherein
R is optional, R is at least a lanthanoid element metal or an alkaline earth
30 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
metal M;
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wherein the catal yst has an X-ray powder diffraction pattern with at | east
three diffraction peaks |located at 2-0 angles of greater than 25. 30 25. A
process fwo 2prigarshng a catal yst conposition conpri si ngPCT)yse@wiogioay a
catal yst precursor conprising at |east two metal precursors of different
"d" block elenent netals in a solvent carrier; WO

2011/ 066150PCTP US2010/ /957031 i i )conmbining the catalyst precursor with
a sul fiding aggnt,apd ashydrocarbon feedstock, fornmng at least a sulfided
catal yst having a fornmul’'a (Rp)i(nt)a (Lu)b(sv)d(cmbe(kk)J(oymAt h 5)
wherein R is ofpti(artah),<Rliks HeHWast a | anthanoid el enent netal or an

al kal i ne earthO tah Q%és at least a "d" block elenent netal; Lis
at least a "d" ock é nt metal different fromthe "d" bl ock el ement
metal M 0 <= <3:;1ﬂ%@9fb/a<5 0.5(atb)<=d<= 5(a + b), 0 < e <= 11(at+bh), O
<f< 7 (a+b), 0 <'g <= + b), 150<h<=2(a+b), p, t, u, v, w, X, y, z, each
representing t@f%§<cﬁé?©é)for each of: M L, S, C, H 0 and N,

respectively, 8@g Qtp%zga+ub+vd+me+xf+yg+zh:0, wherein the catal yst has
an X-ray powder rg n pattern with at least three diffraction peaks

| ocated at 2- Op,aﬂglgj \QSV,G;f, yOf, @adtedeptci@ningotal charge for cach of: M, L, S, C, H,

O and N, respectively, wherein pittatub+vdtwetxf+yg+zh=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°,

27. A process for preparing a catalyst composition comprising:
1) providing a catalyst precursor comprising at least two metal precursors
15  of different “d” block element metals in a solvent carrier;
i1) impregnating a hydrocarbon feedstock comprising solid carbonaceous
particles with the catalyst precursor;
1i1) combining the impregnated hydrocarbon feedstock with a solvent and
a sulfiding agent forming a catalyst composition having a formula
20 (ROUM)a(L)s(SNAC)(H)AO")o(N")p, wherein
R is optional, R is 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<=i<=1;
0<b/a=<35,
0.5(a+bh)<=d<= 5(at+bh),
0 <e<=11(atb),
30 0 <f<=7(ath),
0<g<=5(a+b),
0<h<=2a+tbh),
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20 26.A p
provi di ng

di fferentwbdbiineorsk el ement metals in a solvent carrier PCT/US2010/0570B1

rocess for preparing a catal yst conposition conprising:

)

a catal yst precursor conprising at |east two netal precursors of

combi ning the catal yst precusor with a sulfiding agent for a sulfided

25cat al ys
with a hy
formula (
Ris at |

t precursor; i

npi ni h | fided |
dr ocaPbioh Y-&edst oo p@ﬁém@%ﬁ%@ln'gr%{%tg?g{%%tfzg% d\gqtal ys pr ecur sor
Bl%id(wttrlle kiR (whekdh %M%M@@xwy@z@:b Whetgihe Eiatglgstopt i onal ,

east a nt hanoi d el efrent netal or  an al kal i ne eart

el ement talggjfferent fggﬂ}the "d" block element netal M 0 <=
= d<

<b | a= -65a,n _s§f@£§a§_er61}a

7(atb)s O
repr esent

ing total charge for each of: M L, S, C H 0 and N,

netal; Mis
at | east bhas'al'Xphpphwddranffnttiorepatern with at least thrse glifffaghet peak’ tcatsdat k

<=10

<= 5(a + b), 0 < e <= 11(a+h), 5 0 <f<=
<g<=5a+b), 0<h<=2a+0Db), p, t, u v, w x, vy, z,

each

respectively, @Ber eilhe pioets-aflory dfvlenxs 2dy-g2¥ 25 whsvdiancit e widfidihy st 10has
owder diffraction pattern with | east .t hr diffracti on peaks

PESY sl iR g Bt 0 tuedGu ey RSl S8Ry i o s

BORASHE [[PIHOONP dnSrh&lium thiosulfdtd &(IPJPH iSOD NIsRliviR kiabSatePr ecur sor

an X-ray
| ocated a
cat al yst
conprisin
metals in

10

15

20

25

30

at least two netal precursors ! ) ¢
2SOk dreurea CSNeks, carbon disulfide, dimethyl disulfide (DMDS), dimethyl

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 is selected
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.

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(I1I)
nitrate, zinc 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.

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

metal precursors are provided for b/a to have a molar ratio ranging from 0.1 to 10.
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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ii) inmpregnating a hydrocarbon feedstock conprising solid carbonaceous
particles with the catal yst precursor; iii) conbining the inpregnated
hydr ocar bwo 2baadstsock with a sol vent and a sul fidi ng ageat/udSeriosy3n

catal yst conposition having a formula

20 ,(mt L b J wh R | R i t
I egasR!to ) a(l a%? ga (S\é/ri‘%é’r’g}‘?%&%ga)ﬁi’ ggi}fla’é‘?ﬁ i;ll kzoﬂ) “ﬁ]@?eré‘gMﬁ ﬁfﬁﬁtﬁg%oﬁ)lr] 2 at | IeZs'Ele
a "d" blog prrp%{ %E?ﬁ'&n %ﬁixtuﬂes {h%ré%ff iU %%%fect%d Eﬂp%%l‘ar‘f‘d oM rHE&@rEs

different fromthe "d" block elenment 25 neta <=1 <=1; 0 <b/a<b5, 0.5
(a + b) <=thgrecof5hd M ipJiffe@nkfremd= 11(a+b), 300 <f<= 7(a+b), 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 O and N, respectively, wherein

pi +t a+yb+vd+wesxf +ygue Pr&essm@ﬁybﬂclhm Tl 2, Yiglerdhi@ M RReXeted¥ropowder
h at |east three dlffractlon peaks | ocated at 2-0

diffractio attern w
angl es of C@ragtaﬂnénromad npgturgs thereof, L 1Qselecr¢ﬁbfr9m@@b@,1§a1& irgthgndomixgyrgs ms 21 - 23

and 25 - r f ng agent is selected fromthe group of
el ement al al O}fhuar%d%m‘r{i)lgt%ﬁ%ygu dj:“de ammoni um pol ysul fide ([ (NH4)2Sx),

ammoni um t h| osul fate ((NH4) 28203) sodi um t hi osul fat e Na2S203), thiourea
CSN2H4, car bon _di suI fide, dinethyl disulfide (hﬁ di et hyl 10sul fi de
(DVB), tertiarybutyll ?Jawoy§&§|orf|amé0€ pamp) 21 + 25 tharapn wselﬁéqegiﬁ@w de (PSTN),

merca an@lﬁ‘onﬁ%%ﬂﬁ }Z'rgﬂ laﬁd n@%ﬁre@%@érwfeﬁ it &%c?é?if I'rorn chrormm% d-m)(ﬁ ﬁgaoces s_of

anyo cl ai wherein at [east a sul ur additive is
added to hhﬁu&ultliard)fn@dalgemmffmmu he sul fur additive is selected
15fromthe group of elenental sulfur, thiodiazoles, thio acids, thio

am des, thiocyanates, thio esters, thiophenols, thiosem carbazides,

thioureas, mergaptorgl PRJ&@As%f | fzﬂ%ere% i irgicyialy iy SUl T des,

diaryl sulfides, diara f1des, di methyl sulfoxides, diethanol
di sul fi defitaneamy ambmqﬁmdmmﬂﬁtﬁs tleseofch metleglcd Sinphiadeym @hdmecotha}nd di sul phi de,

2, 2- dll% hi %t&tﬁres helreoc%J éndal{)ldls H}ff(erent ot .e reof.

37.  The process of any of claims 21 - 27, wherein M is Fe and L is Zn and

Fe : Zn has a molar ratio ranging from 1:10 to 10:1.

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 cycle oil

(HCO), aromatic solvents, and mixtures thereof.

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

30 added to the hydrocarbon compound to form the catalyst composition.
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20 30. The process of any of clainms 21 -23 and 25 - 27, wherein the
at least two netal precursors of different "d" block elenent netals are

sel ect ed woamitimerspl 1 1) nitrate, zinc nitrate, ferric secfriuse)iofosTospus
sulfide, iron sulfide, zinc sulfide, ferric sulfate ferric nitrate, ferric
phosphate, nic sulfate, ni c itrate, nic phosphat e, ni ckel
acetate, and mﬁiturigei’%fi%&“mm“% ﬁreml"hés :é R %&CE’HW%IF claims 21 -
27, wher ebéht@in&‘gfdcrgaﬁﬁ@ﬁﬁdn%&Uﬂs'fcoﬂﬁm'ﬁfgt@r%arﬁé Q&dlﬁ%%r SulhRoRfafyhged for b/a to
have a nolar ratioranging fromO0.1 to . The process of any of

cl ai ns 21lorgafig addiieegiand Mikterese¢haesfed from i ron and ni ckel and ni xtures
thereof, L is selected fromnickel and iron and m xtures thereof, and Mis
different fromL. WD 2011/ 066150PCT/ US2010/057031 33. The process of any of
claimss 21 - 2742 whemgé Provbisor e RiR e héfeRthe SRPRtand keldcRa Al e Xt ur es
thereof, L is selected from copper and iron and mi xtures thereof, and Mis
di f f er ent 2foupf BIoNBRiL. allfh@espﬁﬂélé@hpb’ﬂfﬁcaﬂﬁynwﬁ pelyeyaks ai_lmhatlczummvmer ein Mis
selected f r h from
cobalt an r%n nl% ciit qus}l [efgﬁl t%ggh%ﬁ)&t R}%V%X(é&% 5t &ren Xt‘flrr%%)%%ke%g

35. The process of any of clains 21 - 27, wherein Mis selected from 10
chrom um and iron and m xtures thereof, L is selected from chrom um and

iron and m xt uffés t R&e E@Pessé}f@nwpf§1a’élilsf1fle'r7é'ﬁfWhFFW‘l_leaStasacrlﬁméG The
roce o] f t ani um and
Pr on zid irﬁage? %Jéll’ gsadg (g!rogg? %Of%g%ne%%h Hft %dr%ﬁltt:ﬁgg%%?ntdcaoﬁlﬁd)% ?}tltco)ir} and 15

m xtures thereof, and Mis different from L. 37. The process of any
of clainms 21 - 27, erein M Fe _an d Fe :.7Zn has nol ar
rati o ranging f“f hq procgss < ﬁalmﬁés*g R ?é%,cé lgl%fnaéﬁﬁgﬁﬁﬁse@%am 21 - 24,

wher ei n th%mtth@gﬁugromrtmsméu 90@0521@5@'&12?33, SRARRRIALONASiEL 2 tenper at ur e

of 100 - 400C and a pressure of i d. . The process
of any of mo¢raspimsreg of calgiged Lmbn@lam, mthmar@cdmwb@onatbén berpeoddikteresel ect ed
from tlge 9]8 up of is naptha, decant oil, diesel, V& (vacuumgas oil),

i ght 'gas ™51 MO (nmedium cycle oil), light cycle oil (LOD, heavy cycle
oil (HCO, aromatic solvents, and m xtures thereof 40. The
process of any of clains 21 - 24, wherein at |least a surfactant is 30 added

to the hydrocafbon dbapweny of slaimrih Wh@re@ethalsaféltﬁcwémtﬁsﬂai harp BEWO
2011/ 0661 SARCTAEIOLAR TR Ay TG 00ES RN aTre] RLTY 1S by of 1 the

surfactant i's S i'ves,® P- cont ai ni ng
organi ¢ additives, sulfur-containing organic addl tives, and m xtures
t her eof
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, titantum 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(I1I)
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542. The process of claim40, wherein the surfactant is selected fromthe
group of aromatic am nes, cyclic aliphatic am nes, polycyclic aliphatic

am nes, oaphkoxydssrsoaci ds, al kyl sul fonates, phosphonat epcTalskyio/osmsdes, and
m xtures thereof. 43. The process of any of clainms 21 - 24,
wherein at.|least. a sacrificial material. . is added to the hydrocarbon
conpound fEnaty!fithipgarbagpate @%%-Déégep%%q flp%lﬁldlthlo-carbara%.e ?%Qefﬁ})o@@s@%f claim
43, wherejf Qﬁdgﬂﬁéﬂg&éﬁgg(zﬂq5@pﬂal is selected fromthe group of funed
silica, iron oXides, A 203, MO Al 204, zeolites, mcrospheres of
calcined kaolin clay, titania, active carbon, carbon black, and m xtures
15t her eof 45_. The process of claim4d erein.t.he crificial
mteral has a*BeT SUF PREE Gr R f s Rt Tofg somRev AL PG H0ER Vol une
of at §eaglankhdABR! GBI Gmpddl «J e RSN  bmpb@idn 24, wherein the oil

di spersible sulfur containing organic nmetal precursor thermally deconposes,
rel easing sulfur for an in-situ sulfidation of the netal precursors.

47. The processg,of f _clai - - 2.7, i e at | east
25 two net al p?%cur?ggggg?&dﬁfggyéétWﬁgﬁﬁﬁﬁgggmé éﬁ%%%gﬁ%%gﬂg£§§% sel ected
f rom ni ckedlediepfibhaenag®up of hesdyintinebd@anso mad&miuit piithesattf at e, zi nc

al kyl dithiocarbamate, zinc alkyl phosphorodithioate, zinc

mer capt obBPRAYPHIAASIaBatez RGody i usB ﬁzzgqhﬁﬁhﬁ’meéwﬁ‘aﬁﬁldé@l‘é@ﬂp%r

di t hi ggar ¢ SEi zi nc di al kyl di t hi ophosphat e, and
conbinatigﬁggﬁﬁgﬁgggg%gﬁ'lxaﬁ&$@%§0§he process of any of clains 21 -23 and
25 - 27, wherein the at least two netal precursors of different "d" bl ock
el enent netals_are | ected fromiron(llJ),.. dinmethyldifhiocarbamate
(Fe-DTO), zi ncéﬁi ot B)F BFCAPEIEEY B Bts 3(§Zn2-7|3’f‘é‘}f¥el% solige et _

di i spropykdédiél RRRAROERLE of £RokdEketones, aldeftPdes Hifi U RE REDRYIiGNALT cl ai s
21 - 24, further conprising adding at l'east”5 a I anthanoid nmetal conpound
to t he hydrtcandonxgoestbendf. 50. The process of claim49, wherein the
| ant hapoi d netal compound is selected fromthe group of neodym um
neodecanoat e, neodym um napht henat e, neodym um oct anate, neodym um

2, 2-di et hyl hexamoat ghe PRREWVFUAY 3f AaindsOXii 2Nl kegh anRalt®ne dNEheFhothlur €s

t her eof 51. The process of any of clainms 25 - 27, wherein the sol vent
carrier i Broseisestiedn pigemcPReUEGObup of al cohol s, ketones, al dehydes, citric
acid, carboxylic acids, water, and m xtures thereof 15 52. The

process of any of clains 21 -27, wherein at |east one of the netal

precursors is 8 or Jadpwcpyseduny of claims 25 — 3B. whdi€in plicioeiBscaefonany of cl ai ns
25 - 27, wherein the hydrqcarbon 20feedstock is a heavy qil feed, and

wher ePh t FRedutasiaisyidioaps @t ifcdopnd whargpshh e WtpReuRer SiombdRsdg syt in the
heavy oil s {i1f8fefBEnt3N thelicly Yil B bR iAW QluildiBof 8 Bk YXatal R HEUISA! -

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 SCF/B.

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

precursor.
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54. The process of claim53, wherein the in-situ sulfidation is carried out

at a tenperature ranging fromanbient to 500C, a pressure from anbi ent
to 2800 pw0,20m/@b6i1sbqui d hourly space velocity of 0.05 tecI@skeid/osaad

hydr ogen gas rate from 200 to 15, 000 SCF/B 55. The process of any of
clainms 25 -

wherein the rocarb eedst ock nprlses solid
car bonaceous pé?tlcl %pﬂﬁﬁﬁ<3ﬁgwa|é‘w ge 8P9§Pl%ﬁ 108 &t CaBHPSOWShbi ned
with the sulhidhiog daehs B¢ ER1 pltsall M%Erar%@%f@@@sé@d hdg F@atponaceous
particles in a coal |iquefaction rgactor for in-situ sul%ldatlon of the
cat al yst pregd@rmoutes. WO 2011/ 066150PCT/ US2010/ 057031 56. The process of
claimb55, wherein the in-situ sulfidation is carried out at a tenperature
of at |east 200C and a pressure in the range of 300-5000 psig for at |east

10 m nutes. 5537 TheTRE pRRES FhanfBY clefmcl Al OB WiRerein 2o suMi@h€hgent ke sul fidi ng
agent is added directly to the catal yst precursor for an ex-situ

sul fi dat i addedfdincpidy toathe Fetalystmreenssos der g ¢xovitut S@lfbiﬂhtbn af g omialyst t he
hydr ocar DRNCLRSHIET sofin ey B FETSRuRluB D bgek o s 21,28 and 25 - 27,

wher ei n t At cursors o | ferent "d" bl ock el enent
netals are sel ected fron1|ron(lll) nitrate, zinc nitrate, ferric sulfide,

ferrous sulfide, iron sulfide, zinc sulfide, ferric sulfate, ferric
nitrate, ferrieé8phodpnarasessaferep! damsatle; Zhardar - AT-trherain thy askeast

phosphat e, nicke bre@ﬁﬁgﬁto? iRt X bR R 1ehGE fRfalskite selected from iron(11I)

nitrate, zinc 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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