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hydrogen, and optionally in the presence of a catalyst, and results in reduction of sulfur,

nitrogen, oxygen, and metals in the crude.
In conventional processes for upgrading disadvantaged heavy crude oil and bitumen
25  feedstocks, the feedstocks are fractionated by distillation to separate the lightest distillate
fractions, containing lower-boiling hydrocarbons, by atmospheric pressure distillation.
Heavier fractions containing higher boiling fractions, called vacuum gas oils, are then
separated from the atmospheric distillate bottoms by vacuum distillation. The heaviest
fraction called residue or pitch containing the highest, non-distillable, boiling hydrocarbons
30  is produced as the bottoms fraction from the vacuum distillation. Lighter hydrocarbons
may be recovered from the vacuum gas oils and residue fractions by fluid catalytic
cracking or coking. Typically, vacuum gas oils are catalytically cracked in a Fluidized
Catalytic Cracker (FCC) to produce lighter hydrocarbons, non-condensable hydrocarbon
gases, and coke, where the lighter hydrocarbons may be blended with other distillate
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30  compounds is a particular problem in upgrading and refining heavy crudes and bitumen,
whether as “whole crude” feedstocks or as fractions of a heavy crude or bitumen, that has
limited the yield of desirable liquid hydrocarbons from such feedstocks. Cracking or
hydrocracking, either thermal or catalytic, is required to obtain a high yield of

hydrocarbons that are liquid at STP from a heavy crude or bitumen due to the large
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and bitumen feedstocks. As a result, large quantities of refractory sulfur- and nitrogen-

containing heteroatomic hydrocarbons are formed in conventional cracking processes when
utilizing a heavy crude oil or bitumen as a feedstock. A desirable characteristic of coking

30  1isthat it tends to concentrate large aromatic ring structures, sulfur, nitrogen, and metals in
the coke—Ileaving cracked, lighter hydrocarbon fragments of improved quality relative to
the residue fraction of the feedstock—but this concentration effect is obtained at
considerable expense in liquid product yield.

Numerous catalysts have been developed for use in processes for hydroprocessing
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concomitantly hydrogenating the highly reactive carbocation radical hydrocarbon species
20  asthey are formed, thereby permitting a portion of the highly reactive radical hydrocarbon
species to react with other hydrocarbons, heteroatomic hydrocarbons, or hydrocarbon
radicals to form proto-coke or coke, and/or refractory heteroatomic sulfur- and nitrogen-
containing hydrocarbons.
Improved processes for processing heavy hydrocarbon-containing feedstocks to
25  produce a lighter hydrocarbon-containing crude product are desirable, particularly in which
coke formation is significantly reduced or eliminated, the yield of non-residue, non-
asphaltenic hydrocarbons that are liquid at STP is increased so that at least 80%--and more
preferably at least 90%--of the carbon content in the feed is captured in non-residue, non-
asphaltenic hydrocarbons that are liquid at STP, and which contain little refractory sulfur-
30  and nitrogen-containing hydrocarbon compounds.

Summary of the Invention

In one aspect, the present invention is directed to a process, comprising:
providing a hydrocarbon-containing feedstock to a mixing zone, where the

hydrocarbon-containing feedstock is selected to contain at least 20 wt.%
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25 Brief Description of the Drawings

Fig. 1 is a schematic of a system useful for practicing the process of the present invention.

Detailed Description of the Invention

The present invention is directed to a process for treating a hydrocarbon-containing
feedstock, particularly a heavy hydrocarbon-containing feedstock such as a heavy crude oil
30  or bitumen that contains at least 20 wt.% of hydrocarbons having a boiling point of greater
than 538°C, as determined in accordance with ASTM Method D5307, to produce a liquid
hydrocarbon product. The hydrocarbon-containing feedstock is mixed with hydrogen,

hydrogen sulfide and a metal-containing catalyst, where the metal-containing catalyst is
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substantially 25 increase the ratio of nono- and di-aromati c hydrocarbon
conpoundsvaight hufispeaibensinitiallhyd sdudinsartoprmontantas tsattegkmnddhydincsacked nor e

t { toth
Pyar ocar BSAabE: bRt RN AR R R It BRORUEL i BLbNE 10 1

effecti veoﬁtelmt@ﬁea@%ocat higdepoaed 6om the niiaiund ma%q;edshefdfalﬂgaru ai ni ng
substantial quantities of heavy hydrocarbons to a desirahle 30liquid

hydr ocar B3fropRgatcepieied ffféirr@fléwraﬁompﬁens é&%rﬁaarh%ﬁta%taﬂr%ﬂulé&hfh& ni ng
pr Odlfgt 'térn %nlugsudnq éﬁésstcrf-g ?cth tﬁQ Hﬁﬁh % @H“ec{e%a}§ I‘etﬁge/@ 1anle ﬁﬁxth%aa?% &85% and

typically at |least 90% or at ast 95% of the carbon content o
hydr ocar lvaththe nata]ym \mlyllef thedsp@ck sephtaatd franttia méxthres §he lvaporkomtpri%esof

hydr ocar nds boi.lin 0| nt of an 538C (1000F
o ar Ao saommSdriede SHEE TR ieerh b S e Dl S T G 4B ama ssohal Loni ¢
WO 2012/ ¢ %Z@gj&@@ﬁ% @@&&Q%J?stédﬂ%fs@@ef SRR drorf®oh Gé&fn sesai ns

at nost 1 % of the sulfur content of the hydrocarbon-cont ai n| ng
f eedst oc khwa@rl@ﬂlad atniple. &E@Ofrp@rth@ Hmetrlrerﬁhel firstrhygfocathensaginfaiiring grodoeitiai ned
in h ons havi ng r.eat er OF),.and at
st 150 GR0gar el bR R oo b AR or R PP Rl B bR

f eedst oc hyhﬁwmoﬁrcoﬁtmg PO8ELt RATH Scapyst RbhlpkiSiRg @fcdhhﬁn BirhdtQIgEMhd S
contained in hé/br ocar bons having a boiling point o reater than 343C
(650F) Peeodie dohlg- mw%emwéﬁhewt@ﬁarﬁem@er@ﬂmeﬁrowé%oa@ Sothavendery little

et al %ﬁr«%gﬁre o-ﬂﬁr% yﬁs"ﬁ/ﬁfab%e?? ﬁh@c%of?rgf/’ﬁg q%@%cﬁ?ﬁ AN |ess

than 5 p S per |on y wel ght I'um an S parts
per mi |l icondenkyd amll@biratedffrolm theelydroamons thaeas ghians ot PEF, hydipgen, mnﬂl ion, by
wei ght, of iron. The second 10 h%/dr ocar bon- cont ai nj ng pr oduct rggt%/l al so have

a ratPo élﬂd%%sulaﬁemdhe XPRATRITOE 1 Ry 5 SpH P SRS e BRP RN SN RIBHENATIEY t hr ee
or nore %EIQf&SﬂbSn I%Huét be‘h rotreated wittlogt RAaBRg t frikhe present

i nventi on"may be e ect e tur | east 80% or at [east 85% and
t ypi cal | yaydtochibasicoR@btingy pradudteiht hgcﬁ%reznfngtsm is affbdiveco mitstintiolly teldeceheavy
&yg:‘ g;?r boensu? u? E:grlltgrlltngdfnﬁreogse}l ?:grll(terlltnofahe se on §b rgga?‘t():oarllr (l:)o%?alglrrlg%lrj&itu gontai ni ng
relative to the first hydrocarbon-containing product, and is effective to substantially
25  increase the ratio of mono- and di-aromatic hydrocarbon compounds to poly-aromatic
hydrocarbon compounds containing three or more aromatic rings in the second
hydrocarbon-containing product relative to the hydrocarbon-containing feedstock.
The process of the present invention is effective to upgrade a hydrocarbon-
containing feedstock containing substantial quantities of heavy hydrocarbons to a desirable
30 liquid hydrocarbon product. In particular, the second hydrocarbon containing product is a
liquid at STP that contains at least 80%, or at least 85%, and typically at least 90% or at
least 95% of the carbon content of the hydrocarbon-containing feedstock; that contains less

than 1 wt.% of hydrocarbon compounds having a boiling point of greater than 538°C

(1000°F) as determined in accordance with ASTM Method D5307 (residue and asphaltenic
6



15amount s of residue and asphal tenes; to produce a |iquid hydrocarbon
product containing little of the sulfur, nitrogen,and netals content of the
heavy hydwocaramoss3cont ai ni ng feedstock where little of wrhe/usadifios3sand
nitrogen content is refractory; and to produce a |liquid hydrocarbon product

having a_high ratio of npno- and di-aronpatic¢ hydracarbon conpounds to
pol y-ar oﬁaﬁﬁ%earﬁ% FOBBPHEN: 38 ﬁ%alphatda?%t,lﬁagc?gagﬁwf}lf’f%%oﬂgf}ﬁueggg i's
20ef f ect 'h‘&@ro"cQﬁbﬁﬁ@eﬂftaﬁiﬂgeﬁgd’stck&%l%@@ﬁtbeBs‘tq(SP@ g?ﬂm N nfifRATrasksuial {e

producing’little coke or other toluene-insol uble carbonaceous solids; and
2) the cabatayed o hydiooohaskianiggsitbeplingayoiptrad fgeragantthanl 343°C 6GNEFY aid gfth

over ol BELP AR B G TGURF b HH ey BOR CORRSUBR QAT ARt 2P equont |y

renoved byose 1060 gritpef miyidh of ftRalitrélenSé dhtair&NntHyALearbdat hivihendbinggt he
present invention to be |imted thereby, it is believed that the production
of coke @athtpbgicaet By 3431G ¥0Fnd The secohe Ry derpbadeNtRIgINeINPEH EHY ot he

catal yti racki | nv i i rt,
because MU SgLTECHFAGINER The pEnEhRSEeTntl ool JFA LRy Ol ¢ |
hydr ocr addss fighnt ygarB)pdr otléiohasy- wegh@bNidgdiveessladksswhans pirntd pez edllwint h a

rel atively non-acidic_ netal -containing catalyst 30 by opening an additional
react i on DAty ffiekel.Gnios desy en Osrte PﬁS/‘%?ﬂBelF’d’dlé’é‘ththQIfg'F%e ggond

hydr ggar - chhvel i i i i i acki ng
pr ocggs ?2313’3%?53(5%%%%?% ﬁﬁ?ﬁ#%ﬁ%&%ﬁ%&% rz}g?t?oo%q%%(; c??grc%?ﬁggﬁg% sul fur and
ni t r ogen pobapoumc doorpoabdsorontaindfiy 42610188 IrHaAUTUSAB 0T /2038811 . In the

hydr ocracki ng,.step of t rocess of the present invention, hydrogen

SHiT e and nydFagueiche RS atveRton may b A Etiydp SuaedoHar Qs o
hydr ogenad R §5%! ARkSHcAKIASART 8PN of adies&R 0540 oPHR AR RosteARdrAhINGQCcar bon
havi ng a smal | er nolecular wei ght than the hydrocarbon from which the

hydr ocar hydrocadpeabntwasndieed sy, in lafiquid fyideparonrodieh tontiiayg thipgnagen
sul fi.de reactﬁ (rgmch rmrﬁ rgpitdle%,tto hydr ogena e A cr@cked h drqc.arbon
radi dal ERNMEAFSYHT 20 AR ORLPTUSS AHUIR BB DR THE W RS cr acked
hydr ocar bieme sfasé Gaturt Siubyeh Q@anahs cofient Fdhe€Rdavly hystodaibanicbatlningror
energetically favored than hydrogenation of the cracked hydrocarbon radi cal

by hydr odeadstork wiheredifle af/hg sukfprendndregentcRatentiy defegeary sanditp geoduice a

F51 ol om Lies. N . ; b
"adi cal o By ERRRLER e AL b AL b Bl AR PR PO
t he crackespbyititsac polyarromatk kalrscareacdonvpduhdaingiaiebedaysy Dake poBess is

Furthernore, . the thiol group renmaining after hédr g&en sul fi de has provided
a hydP og&Heei 6P cErck adeavkbyirpira Seeiining dgrdsiork wile BEdyringiligucaks Canot her

hydrocar B {redhsol lIEE&BYIROM Dad ot @&%&hﬁmﬁ@)ﬂaﬁﬁﬂ{}iﬁg&r bon

hydr ocar bon. The o] the neta- 15stable thiol-containi
may be r epdfacedalhycoavhy tighgeoleatlamvdiglarhearodiemicanoidrarbonydmpgendsstal i de

mol ecul e or, fydr oaen. | IhL. 5,5 £AGL 90 REQHENES: TRY B8 Jeseribefl ghem cal Iy as

subsequently removed by a catalytic hydrotreating step.

25 Although not intending the present invention to be limited thereby, it is believed
that the production of coke and refractory sulfur and nitrogen compounds is inhibited in the
catalytic hydrocracking step of the process of the invention, in part, because hydrogen
sulfide, in sufficient quantities, acts as a catalyst in hydrocracking the hydrocarbon-
containing feedstock when utilized with a relatively non-acidic metal-containing catalyst

30 by opening an additional reaction pathway for forming desirable hydrocracked,
hydrogenated hydrocarbons—selectively directing reactions occurring in the cracking

process to avoid and/or inhibit coke formation and/or refractory sulfur and nitrogen

compound formation.



1. RGCGCR+ heat+ catalyst'=?R-C. + .CR (catal yst =
basic netal -containing catalyst) 202. RRC + HRS =?RCH + .SH 3. GR +

. SH =?R- G&W6Ho/07883C- SH + H2R- CH + H2S Thus, hydrogen sulPCirdsS20mpe3spen up
anot her reaction pathway for conversion of a cracked hydrocarbon to its

hydr ogenat ed couynt er part - enhanci the rate of the reaction for 25 form ng
cracked, hydrg@ﬁﬁﬁﬁ@%”ﬁ?&F@éﬁﬁﬁgﬂgeBﬁﬁe¥éﬁ lﬂﬁﬁ?hgwﬁﬁﬁﬁrﬁﬂﬁpgvl$€$&%racked

hydrocar Qﬁ@hg@@g&%&hmyr&ag antb i AR BRN JANEF BARERREnate a cracked t 1S al sO

bel i eved that hydrogen sulfide may act to provide'a hydrogen atomto a
cracked Mydroggpbonlicahth pabue gitfle bpdrotarbémuhavieg a fmaliaranatecuddr-voagittai ni ng

catal yst surface, than hydroge and,., after donation of hydr.ogen atom nay
cocet - a BPE e IR TP BT on TSy aR Bl SPRE e JPHHBTEL, 21 yor .
i s bebi ev@ghtitlcd ety cte sulflddtreRkdhedeosubpiddeomBraaehat@s calkkét oni ¢ hydr ogen
shuttle to provide atom c hydrogen to a cracked hydrocarbon radical at a

di st ance hydogfubRe radical endiveroges aince Betradction gt bedraggnstulfidy wish petgktchg t he

t uni f » i . t W
Pyar ocar Bedror e FRESS i AR50 s BaL SR ol b e BB B0 e
t hat ar e thuset/digfeaitivnasfehdahikedcthydsochdloh exdical 'bidytehigan clt¢obgeued]” refers to
a hydrocarbon conpound including the structure: 5 used i.n the present

np idir e L 5 As .
appl i cat ithictors thag Py¢paseswidds UMt igRY Qrgdtiesnipan (vt apnsalatien phearksd
cont ajni [ i , i j el
apt 1Y hendiopirbBI it BGbI Preal B Wit O DRI DERLGHE LMo e
" Anaer obiccackehhlydrocanlsdn memals réaomwithtanothsr hydrodurtsdn. | ess t han 0.5 vol . %

oxygen as a ¢ IS present’ . For exanple,. a process .Fa occurs . under
anaer obi ¢ condiEERET AL it Eroi BRS04 PRecEsY En At HEVErSE n t he
pr esence p9firde€ Srohl@dh Qacked Bl d B ABYH LI dal Ny BRPEAHEd tBalbth&NRRE &Rk on
conditions may be such that no detectabl e oxygen gas is present.
radical, thereby forming a meta-stable thiol-containing hydrocarbon. The thiol of the meta-
15  stable thiol-containing hydrocarbon may be replaced by a hydrogen atom from either

another hydrogen sulfide molecule or hydrogen. This reaction sequence may be described

chemically as follows:

1. R-C-C-R + heat+ catalyst 5 R-C* + *C-R
(catalyst = basic metal-containing catalyst)

20 2. R-C-+H,S S R-CH + SH
3. C-R+'SH S R-C-SH
4. R-C-SH+H, S R-CH + H,S
Thus, hydrogen sulfide may open up another reaction pathway for conversion of a cracked
hydrocarbon to its hydrogenated counterpart—enhancing the rate of the reaction for
25  forming cracked, hydrogenated hydrocarbons and reducing the opportunity for cracked
hydrocarbon radicals to react with another hydrocarbon.

It is also believed that hydrogen sulfide may act to provide a hydrogen atom to a
cracked hydrocarbon radical significantly further from a metal-containing catalyst surface
than hydrogen, and, after donation of a hydrogen atom, may accept a hydrogen atom from

30  hydrogen near the surface of the catalyst. It is believed, therefore, that hydrogen sulfide
may act as an atomic hydrogen shuttle to provide atomic hydrogen to a cracked
hydrocarbon radical at a distance from the non-acidic metal-containing catalyst, also
reducing the opportunity for cracked hydrocarbon radicals to react with another

hydrocarbon to form coke.



"Aqueous" as used herein is defined as containing nore than 50 vol. % water.
For exanpl e, an aqueous sol ution or aqueous m xture, as used herein,
cont ai ns wor2e121883750 vol . % water. 15"ASTM' refers to Amremiusani@8szssdard
Testing and Materials. "Atom c hydrogen percentage” and "atom c carbon
per cent age" of a hydrocarbon-containing material-including crude oils,
crude products such as syncrudes, bitunen, tar sands hydrocarbons, shale
0i I, crude oi lccpbMSHIEhhCt 85idINASn RS dfiRe@bd foYiBGNUM T esi dues, napht ha,
kerosene di esel, V&, and hydrocarbons derived fronlllquefylng coal -are as
20 deter nﬁnedmbycm&ﬂvnwetdﬁ@d tbRpdrocdrpen canponindyiclydhgthe strocta®: Gravity at
15.5C, and as determ ned by ASTM thhod D6822. "Benzot hi opheni ¢ conpound”
refers to a hydrocarbon conpound ¥ thRe structure: 25 As used in
the present application, a benzd i pound i ncl udes any
hydr ocar bon conpound cont ai ni ng Qe steacture, including
di - benzot hi ophenes, napht heni cbenzot hi ophenes,
napt ht he nzot hi.o e t ni c-
benzoSnapht ey Hi Bphcas G oA AR R p R bR Gy RGP
benzot hi epfgbend ¢ dﬁEleﬁglltlfeaabbvaﬁt&a:’cul‘éaﬁlEIMElnthnzﬁ)hﬂid:thB@ﬁdﬁﬂéﬁ&lapifht}&:nfmt erial
as determ ned by ASTM Met hod 30 D3663. WO 2012/ 078837PCT/ US2011/ 063881
"Bl endi ngenzpaciidiags pat Byropdidingsi wedditieonie agiiditht act of two or nore
subst anceg by | 1@tch&E81'a¥ E{%Xédﬁgufo'ﬂ?lﬁ WRich eI AR (f!&‘@éﬂf%%%? en OJ dsfig range
dlstrlbutlons or a rocarbon-containing material na Fm ned by
ASTM Met IpocteidS5303t eﬁ'ﬁﬁ%ﬂm d‘pras:suﬁledodmrsemldemrtabrobm‘ ceméinioes,tas us&cbhmanns a

le may refer to a coval ent bond, bond an ioni c bond,

mol e
depementa RPFeshbaGecEp the REgsapSs of fess t@@hﬁ% 6 ppyesh én "f &8y @H8car bon
conpound AfeloBeH R8s faf BE kshétethatho detectable oxygen gas is present.

"Aqueous" as used herein is defined as containing more than 50 vol.% water. For example,

an aqueous solution or aqueous mixture, as used herein, contains more than 50 vol.%
water.
15  "ASTM" refers to American Standard Testing and Materials.
"Atomic hydrogen percentage" and "atomic carbon percentage" of a hydrocarbon-
containing material—including crude oils, crude products such as syncrudes, bitumen, tar
sands hydrocarbons, shale oil, crude oil atmospheric residues, crude oil vacuum residues,
naphtha, kerosene, diesel, VGO, and hydrocarbons derived from liquefying coal—are as
20  determined by ASTM Method D5291.
"API Gravity" refers to API Gravity at 15.5°C, and as determined by ASTM Method
D6822.

“Benzothiophenic compound” refers to a hydrocarbon compound including the structure:

S
9w,

25  Asused in the present application, a benzothiophenic compound includes any hydrocarbon
compound containing the above structure, including di-benzothiophenes, naphthenic-
benzothiophenes, napththenic-di-benzothiophenes, benzo-naphtho-thiophenes, naphthenic-
benzo-naphthothiophenes, and dinaphtho-thiophenes, in addition to benzothiophene.

"BET surface area" refers to a surface area of a material as determined by ASTM Method

30 D3663.



N As used in the present application, a carbazolic conpound includes any
hydr ocar bon 10conpound contai ni ng the above structure, including naphthenic
car bazol esQ 20emwessar bazol es, and napt heni ¢ benzocar bazolPes/US2o11adi$8t i on to
car bazol e. "Carbon nunber" refers to the total nunber of carbon atons in a

nol ecul e.,_"Cat alyst" refers a,substance that increases the rate of a
cheni cal eggggs a8 HFAdereh é&‘}e%ﬁa‘ii fq @gan ‘P?é‘tascéPété‘foi R r{l@reéﬁ%ar{?ﬁ%ﬁ? cal process
as bet We%uﬁa&@%hﬁkmg&mt&n%rew@stalésdﬂem cal process, where the
substance i s ndot consunmed by the process. A catalyst, as used herein, my
|ncreaselimkngmu@ﬁ@$H@uuh®ﬂbcahy¢pgnb@@c@ymmE@uDMQ@dumeﬂaUmuk&tmmwd@wergy
required t e hem cal process. Alternatively, a catalyst, as used
her ei n, r‘ﬁi@rﬁ ‘Ftﬁﬁ%@ggﬁ rate of a chemical process by nodifying the

sel echi Vi'Byn@f astled PEOIHOSSh REGWRR0 ARIHEIThiadhoPEQEHEY Sefof to hevahanbe,
process, which may increase the rate of the chem cal 20process by affecting
t he equi lRidstiveihenshPat@nifbandedqpendas on theygonfeaf., a catal yst, as used

her ei n, c rocess but
hor el (Roh ATENEE, K06 U By b RRPLI Yt e BRI Al R e
products. "Catalyst acidity by annDnla}phenlsorptlon" refers to the acidity
of a catal yst substrate as neasured by Nol une of ammoni a adsorbed by the
cat al yst substrate and subsequently 28 dssorbed fromthe catal yst substrate
as determ ned by anmmoni a tenper at w(d desorption between a
tenperature of 120C and 550C. Fof at al yst that is deconposed in
the nmeasurenent of acidity by a te Rerat ure progranmed desorption to
a tenperature of 550C, e.g. a salt, and/or a catalyst for which a

nmeasur engystused iraihe qtretsyntrmppliwmibnbzecaalbazehcrbompomm iachodesi sy thydppenidbor e

programmed deso g.. a 30l i,s defi ed fo rposes of the

D cadft | FRYBRUTLA G He g e At gt edrp L. ofgpddies .
2012/ 078%63?&%%931&ﬁ@ﬁ%ﬁﬁ&lmaéﬁﬂaﬁksqmamn@@@ﬁbweptI on. Anmmoni a

t enperature programed desorption neasurenent of the acidity of a catalyst

i s effect'edrboy npt@@t”rrgfeés t@ahmo;@mum@ﬁrmfe:aIMtatWasmmmo}@e@ln exposed to

oxygen or, UL ' al ner, such.as,a quartz cell,

O aner er r CABLRhdeRn B B AR AGAR RS It B A Sutifbfes Sd/anbat at ur e
progr amegbBEeSE Rileivitg RRL YEEHicaUsDcaSs aabddvesdpRtiitia protide¥s bPHRe2900

anal yzer; in the analyzer, raising the tenperature of the sanple in helium
to 530C ahemicabprecess, Ve Persupstaiacds n@td@pwﬁ@edtmethwmﬂe&s i‘cHalyplups ¥8d120C;

al t er nat i1 th helium
For 25 il Lot Pt AT £t QuBMIRE &, et p B SR el D
desor bed réquined td effsa iz ehehnical bectsnpdteatativel yt angelykt, asmuskad Gereig nxb0C whi | e

increase the rate of a chemical process by modifying the selectivity of the process between

potential products of the chemical process, which may increase the rate of the chemical

20  process by affecting the equilibrium balance of the process. Further, a catalyst, as used
herein, may not increase the rate of reactivity of a chemical process but may merely modify
the selectivity of the process as between potential products.
"Catalyst acidity by ammonia chemisorption" refers to the acidity of a catalyst substrate as
measured by volume of ammonia adsorbed by the catalyst substrate and subsequently

25  desorbed from the catalyst substrate as determined by ammonia temperature programmed
desorption between a temperature of 120°C and 550°C. For clarity, a catalyst that is
decomposed in the measurement of acidity by ammonia temperature programmed
desorption to a temperature of 550°C, e.g. a salt, and/or a catalyst for which a measurement
of acidity may not be determined by ammonia temperature programmed desorption, €.g. a

30  liquid, is defined for purposes of the present invention to have an indefinite acidity as

10



10raising the tenperature at a rate of 10C per mnute. "Coke" is a solid
carbonaceous material that is fornmed primarily of a hydrocarbonaceous

mat eri al WOdOIZVIH883i75 i nsol uble in toluene as determ nedPoy/UASNMobssshod
D4072. "Cracking" as used herein with reference to a hydr ocar bon- cont ai ni ng
material ref erapto br eaki ng}lh drocar bon ol ecules in

hydr ocar BRSEEHPR ARG helte t§Mht mH}P&FaotE‘élPB@H“ﬁqugF%‘ﬁﬁ%fi‘ésorRﬂ?é‘re t he

hydr ocar banqfeAgRE i Re RAYSy 6 d QMRYst TR R Ay MRIiBNE chAhBRS: Ll idwndr egar bon
nol ecul e from which they are derived. Cracki'ng conductéed in the presence of

an atom mOhwan@gp@sedm oxygen\r bwisteten peanple castalngd sushraaakjuagz cahacki ng

effected. b ure in . the absence of a catalyst be referred to a
Cher el - CPRRTITR ekl rehthlr GRBEMAE disafinkdind ¥obeifite Pty

hydr obr eafeidiptisitkailyaer ichfayh Miefbiedui T PIETPR 2900 alh@@u@fe ioMe afdlyFe@gen
reduction, and reduction of TAN. "Diesel" refers to h%/throcar bons with a

30| ling raifige te mpRIsEe ehthe sempRaD belign 1o S FNEQt p5ToP! LG kST GEOWE: as
for : ; ) T
dot or m nedofe FESARARAF Aot b (39107 Mebiaely Rdife ol A08ks GRENFHonlP: °F, o

260C t o 343Gnuek aid wﬁhthelua:ntf@rtzaﬂ méidasta toyal of 3 timés ahat hemsriag ﬂrmﬁmrnedf by
b0| ling range 25 distribution in accordance with ASTM Met hod D53
"Di sper sidindeniadesqEied fiah diersamiptenn TS BPETafWe FANgE hignal <bfit 54 Ecwhlé% a

salt jpin he conponents that formthe

soli 0 u;g%?llln gllwnlgn%é @Ijéé &?ﬂltéﬂ [qbelt ?{ué(%e retained in the liquid at STP
for a per'Coke"af aablid ee&bdmaZdodsonmsrla]mhm iciessed pomaoly afiadiydepchittensaions wi t h
the liquid. A50|dma.te | .is, dispersible solid or its
30conpandiie AR gt orwr inene i it PadsibEMedoanddi o

di sper si bicgickihg® ab L rdih wﬁt‘ﬂ%t%%n'cé’td)i hydr§caﬁl§’6ﬁ3&ﬁﬁﬁh§1 @ehA r&Getsliei dal

d| spersion or a suspension inthe liquid WO 2012/ 078§37PCT/ US2011/ 063881

"Distil | dreskingrhydpicadioa rmlsctuktsl inttlee hmcar@m@nmmn@m@mhmtmhyd&oaarb@i ling

ondgar Pkt OBk R R T Rl tBp e S0 B bR R e Il e

di esel amgdkRi®s e Afdlecule froﬂxwﬁ&gﬂaey aRSdevisedl Gﬁll’cﬁin? cofdiRt ih ehdPreqmdt af
hydr ogen unl ess specified as atom c 5 hydrogen nsol ubl e" as used herein

refers t @NASNIBIYAIRERN BonAENEYY heyefeaed F@&fslwdwrwkl% rcking efededbY not
di ssol Vetérgp&at Feieh MROR ?'a'l%ta s’éﬁﬁi &é‘fe{rl:‘& 'Aﬁi%! a1 i E?éé%@%dance

tenperatu pressure, SSO por Ion O

can be r exgvsoestofiicersoileef khdhffedtsh)f hgbnosnemaig swehas sulfroredxdomlmetala fine
partlculate material dispersed in a liquid is 10 insoluble inthe liquid if
50 welop dpdustp %tffogeﬁée%@?’laélﬁT?Pé&?tl%ofgé%er ed fromthe liquid by

centrifugatlon n%,(t{)?lh?l%@%#ﬁﬁs wi h El)bo %Eu? ekﬁsthﬁlg[}#nrﬁ(gﬂlbab% 8h Jst4opl eum

now t he Ener gy
(500°F up to 650°F) as determined in accordance with ASTM Method D5307. Diesel

content may be determined by the quantity of hydrocarbons having a boiling range of from
260°C to 343°C relative to a total quantity of hydrocarbons as measured by boiling range
25  distribution in accordance with ASTM Method D5307.
"Dispersible" as used herein with respect to mixing a solid, such as a salt, in a liquid is
defined to mean that the components that form the solid, upon being mixed with the liquid,
are retained in the liquid at STP for a period of at least 24 hours upon cessation of mixing
the solid with the liquid. A solid material is dispersible in a liquid if the solid or its
30  components are soluble in the liquid. A solid material is also dispersible in a liquid if the

solid or its components form a colloidal dispersion or a suspension in the liquid.

11



"Kerosene" refers to hydrocarbons with a boiling range distribution from
204C up to 15 260C (400F up to 500F) at a pressure of 0.101 MPa. Kerosene
content Y 2be/dss3er m ned by the quantity of hydrocar bomeThsedingezssboi l i ng
range of from 204C to 260C at a pressure of 0.101 MPa rel ative to a total

accor dan DI RETRIRE fiodl e 30 rfse o nytrocgipgns NishSdita Shee S Bepound
and! or et halechih 8 4ihec ekl L o B58R93DR AR BFTPRS, A0cRhEl FonS (o

anot her conpoun Li gand” as u ereln I'S |ne as a ecu
conpound AﬁltMrMethodDGaObo]Ddaﬂattmnayancluéqodnbmamdlkctmsuﬂneng with, a nmetal ion

in a coor ation co ydrocar bons" refers hydrocar bons
havi ng ca&dawgﬁ%nﬁéﬁggh?feﬁl fFJ%Zﬁlig mel5eHlar lly(gr%en?@{% %eﬁﬁlegé‘é AU herein is
defined & ?d&) @Btacting two or nore substances by intermngling the two or
nore substances. Bl ending, as used herein, is a subclass of mxing, where
bI endi ng "Isqlubleé ais nmdihemiequfeladmxubﬁgamc ainegonitgt( &l lgast HY wit-Ho)rmglwhich ddes t wo

nore subst ances exanpl. e i_nt s dis sion, nomer "
2% lseq MAr TSR ST bRl Rl REBRERAE sBrBEH ERtagre sndhor ecu ar
30 conpoycsiirdakhdFaYheldisRaIcEd p&ttn joP tHReUbWAAR chh HEldcoPére@ ROHIY@E ligRIIOMEr i N
repeated linked units to forma polyner. "Naphtha" refers to hydrocarbon

conponentby Phiytipalanagss.| Fergexemplfe a ding ﬂoﬂmukamﬁatfeﬂ@lrﬁlwcsed@ 8 dqpgdac ( 100F up

to 4 b

2012%2 g é%%!ﬁ% {ﬁ%ﬁ%fﬁ% gg@%@}/z %rlg(gltgﬁ) gﬂﬁgﬁ %gl\t/i%ﬁnlﬁgﬁb {\geré&/frrg& ﬂée of ulgr om
38C t o 204 Cemtrifisgapiveasdifikradibn 0. 101 MPa rel ative to a tot aI quantity of
hydr ocar bons as nmeasured by boiling range distribution in accordance with
ASTM Met hBd 188507 thebtiBig OfoEfetWW‘ﬁbélﬁ?’VHgﬁ EB%%%&W@&W@ of f-gpd OéleﬁﬁP

par af fi n%n#(ﬁ)% paraffins, olefins, napht henes and aronati cs in napht ha are
as 5 deternfned by ASTM I\/bt hod D6730 "Non- condensabl e gas" refers to

corrponent"Keﬁmebiedrrefarsrtbxltydlroeaﬂbbnﬁwﬂnarbeﬂtr@ rhigt digtributg@stesmaD4ST#p to  When two
or more el ements are described as "operatively connected", the elenments are
defindd 260%e40RREP 1gSHFF) #ich prewsuraof doHHMPad Kersand ewiait g eor i ndi r ect

flurd fl %\évte%} V\ﬁ%n tl%octp{ﬁﬁu{ayl H}ocgrboﬁe{'lévﬁ £1o ??& %un e%ff? 8?11 i(?éll (tjh(? 2%%6 .Od' ¢

Tabl e as “speci er nat i ona P& emstry

(1 UPAC) , ab@pﬁa@hﬁé oQ@@Gl M}&I‘dlﬁﬁdehﬁdﬁtmquaﬁlt?bﬁﬁﬁibceﬁﬁoﬂsm@ nféasure@lby Tabl e of
El ements may be referred to by its synbol in the Periodic Table. For
exanpl e, b@@%ﬁ?“%‘&@@@éﬂ@bmraé‘?(&ﬂaftcé V@B‘p/bﬁTM MethegyP 187 used to refer to

silver, W gy ﬂ%@e"]réi;éﬁset% Itéégfp%gﬁ& 3{1{9011 HRRSLAR IR IS abilf? ?Cé’ @érﬁé@éﬁﬂe%r%?&@ounds"

refer to conmpounds ree or nore aronat
20  electrons to another compound.

"Ligand" as used herein is defined as a molecule, compound, atom, or ion bonded to, or
capable of bonding with, a metal ion in a coordination complex.

"Light hydrocarbons" refers to hydrocarbons having carbon numbers in a range from 1 to
4.

25  "Mixing" as used herein is defined as contacting two or more substances by intermingling
the two or more substances. Blending, as used herein, is a subclass of mixing, where
blending requires intimately admixing or intimately intermingling the two or more
substances, for example into a homogenous dispersion.

"Monomer" as used herein is defined as a molecular compound or portion of a molecular

30  compound that may be reactively joined with itself or another monomer in repeated linked
units to form a polymer.

"Naphtha" refers to hydrocarbon components with a boiling range distribution from 38°C

up to 204°C (100°F up to 400°F). Naphtha content may be determined by the quantity of

12



Exanpl es of pol yaromati c conpounds include, but are not |limted to

ant hracene and phenant hr ene. "Polynmer" as used herein is defined as a
conpound woreprz/wess7of repetitively |linked 20 nononers. PPOMS26I1063881
distribution” refers a distribution of pore size dianeters of a material as

measur ed by ASTM Met hod 41, or .f spegifi Jy referred_to ei ng
Teasur od ByREPE o+ Snhat et ab lndREEt bRy CasirRtt saudadart - St
refers tQeiafi@n@arWiaf Rinkity S€tydeEcafbBdas RRAsBA! beboifthe Finddisiaf@on Zp” STP" as
used herein refers to Standard Tenperature and 'Pressure, which is 25C and

0. 101 MPaccordynge widf A5 EMt Medot 156807 aCodtenuofimdrasahos semgoaantsiféd gr ans
("my") of KOH per _gram ("g"). of s le.. TAN is. as determn by ASTM Met hod
beoa. ) vepist gpatod Ty afalrRraR e fin s oy RmRERSRPERR AR AT on of

f rom 843{ekpnined p3HS19Q M&RGFDER3¢.0 1000F) at 0.101 MPa. VA content nmay be
determ ned by the quantity of hydrocarbons having a boiling range of from
343C t o 5BRTcandenspe say)refetsto gompanaptaand&ra Mixeure 6f gompenentsdhidiies t y of
hydr ocar %g%%ﬂgs geasured by boiling range distribution in accordance with
ASTM Met ko 6 "wppm' as used herein refers to parts per mllion, by
wei ght . Wikerprwes@hore RlegiEntsite tsscebédad '®Peitacivély pomeesd" fibe eloydnaracki ng
and then hydrotreating a heavy hydrocarbon-containing feedstock such as a
heavy cr (880 to bsditgeely, prsindirecthy, coaDeEedto| gy drert friBdizgab SHIdH Y betveehner e
the hgavy 611@41%919@ bon feedstock 5contains at |east 20 wt.% of hydrocarbons
havi ng a% ing point of at |east 538C as determ ned in accordance with
ASTM Met HiBeli&BOTabldhefqrs ocths Perisdie flabletas dpdmyfidd rysthe datemhtionat &lnfign of

hydr ocracki ng the h hydr r - cont ai nj eedst ock b i Xin he
Foedst ool Ui T AHERLIevRYy AGRALS: Sty apOE ot B g eyt SohEai ni ng
a netal libiidgabRYFHTEIEREts AAY bBYHERSERD béMltsf dyifdoRin @e PEAREE ghblee FBf from
375C to 500C at a pressure of 10 from6.9 MPa (500 psi) to 27.5 MPa (4000

psi), wheranpkeChyrydgancdigl fedéo eappehydr wgehe ased tprader WedveroW maxibag at a
nol e ratiQ f0 h%d;o%entsuétfi de to hydrogen of at |east 1:10. A vapor is
prodL]J ed "5 PHEE S P%St?nc ﬁydrocracki ng step, where the vapor is conprised

of hydr ocRoReRMGE cobRMPoNRRY Yefbitd CORPORRR-BARANIY httef@ @ttit afknakidaingar e
vapori zed at the tenperature and pressure of the m xing, cracked

hydr ocar FaasIPies &f palyaropasie cpm@aungs inglade; But appatianipdtogmghrpseasgid e of the
m Xi ng, %}ﬂgﬁa%ﬂﬁ o and hydrogen sul fide. The vapor contains a first

hydr ocar bon-cont ai ni ng product conprised of hydrocarbons that are liquid at
STP. The "palyater'i & sepherainad défimh ds heompotind eorhoriged of rapetitivey linked
first-hydrocarboncontai ning product, |eaving a hydrocarbon-depl eted feed
resi ddum™RMEs conpri sed of hydrocarbons that are liquid at the

hvd ki . . ‘ . . J Y ., the first
ydr ocr aoish g L &AREHGIH ‘i’ef@ﬂ%ﬁ%ﬁ%ﬁtﬁ%&\af apéger%&e &%ﬁglﬂ@ﬁ@%%ﬁ&%e e rrs

hydr ocar bon- cont al ni ng produ Is t treated by
cont act i mgeasired by AsXTM WiktbabDBOAL, coiftspeaficadlypetedied to i bedmndmdasogaibyand a

catal yst conprisi.ng a Colum 6 net f. the Periodic Table or a conpounds
t her eof ATy ERAPEFSYr ® IB‘F“PW&%’Z%E%M‘@?@@%E% a pressure of from3.4
MPa to 27SBFlPacbR (BkAANGE cabie 26208 a BYSpQGarBIdT- @@t aéi ng product. The

first hydrocarbon-cont ai ni ng
25  "STP" as used herein refers to Standard Temperature and Pressure, which is 25°C and

0.101 MPa.

"TAN" refers to a total acid number expressed as millgrams ("mg") of KOH per gram ("g")

of sample. TAN is as determined by ASTM Method D664.

"VGO" refers to hydrocarbons with a boiling range distribution of from 343°C up to 538°C
30 (650°F up to 1000°F) at 0.101 MPa. VGO content may be determined by the quantity of

hydrocarbons having a boiling range of from 343°C to 538°C at a pressure of 0.101 MPa

relative to a total quantity of hydrocarbons as measured by boiling range distribution in

accordance with ASTM Method D5307.
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25 product may be separated fromthe vapor prior to hydrotreatnent by
condensing the first hydrocarbon-containing product fromthe vapor, or the
vapor it swDf2orery8d3¢ hydrotreated to hydrotreat the firs®PCT/US2011/063881

hydr ocar bon- cont ai ni ng product. The second hydrocarbon cont ai ni ng- product

is aliqyid at STP and.contains at |east 80% or at |east 85% or at |east
90% of  t RPREY BEHSTERIE ALY R FBRAPLBANEEBtSt ock wher e At moSt 3 wit. %

of the second 13@hydERGATRR0N GOMbt DY én%éégélfbtr hh@DcAackablahdeheRoi Nt of
greater than 538C (1000F) as determ ned in accofdance wth ASTM Met hod

D5307. Thedeeeatng hyehvy dadivoarbopuoriamingfepdstehicuchhsvheopcaideilaar nost 10

w. %of the sulfur ,of the .hea hydr ocar bon. f eedst ock ere a st. 1500
woom of PRERER Bbafie Rd RS eI SRk et R I AGSE nytiRRT fo IRl
great sr tchaRind48adt®90i% o RJddLEBomlvaiNShALingPSiht St Was%$IBPChhe WO
2012/ 078837PCT/ US2011/ 063881 nitrogen of the heavy hydrocarbon feedst ock,

wher e at dgissninedaacgppienes Withe TN Mrjbed p307 oedirereds isetieespolAdY havi ng a
boi | i . ) ] T . ..
A L T T A

vanadi umfedde®sk thitara 1@1ah vayp pion e kliemetabochthi@ig dabadyst Oobainagm mehsulfade,
Catal ytically Hydrocracki gﬂ .a Heavy Hydrocarbon-Cont ai ni ng Feedst ock
Hydr ocar BafLogemaad hydgeeralideaia temperaturg af o oKy BLMUEERE APKSHEC PEedst ock

that 1ps utdnl b294dph gsrdofb%i)l% 96 SMP? 4dobg>s8,r\$ﬁ{rgrgm: ﬂ%ﬁ?ﬂeh%ﬂlfﬁi@ %@h%rgggﬁvy

hydr ocar bons t hat e subject to being c¢rac e process.
hydr ocar honproeidta forimigifges dshae katiot didrydfogee sulfigde sehwlogn dfat kasitlaith At

| east 20 wt. % hydrocar bons havi a bojling pojnt of greater thap 538C. The
amount - of RS BRAPTON OaoNAG OS FGRFRREISOTAL MBI o uPar HeRETS4BY  n a
hydrocar Qgﬂro%%bﬁ‘é ¥ tRE hERY SR carbRY-cBRtaflfh EIRHASK thik AECAHBRES bt h ASTM
Met hod D5307. The hydrocarfbdn-contai ni ng feedstock nay be selected to

cont ai n dmpesatvre AW pgssve dtheamiNiemsracBed hydrogarpomsahatasaeapodsediBviie % or at
| east .40 wt.% or_ at |east 45 wt.% .or at |east 50 wt.% hydrocarbons having
= boil? nd bR g Sitior i ianh o berlin AR SRR R Y BRTRET cedst ock
may be sebg@ingd fird: IsaRicaidnalonta@ast pridudtcobipriesd @iugr,dr&far‘tﬂﬁls kiRaste 12fidvt . %
residue, or at |least 30 w.%residue, or at least 35 w. % residue, or at

| east 40 ahbTBp 1B Vels is wipasgted fegis thegnixgre ¢p pyidgibe figt-hydraearben wt . %

resi due. [ - 1.0 i gy £4 cant
quant 1 11 SETSREN WO R "LATR: £ 0L o AR R TR BN R BB o ™ e
hydr ocar bhetrocabad thange ligeidsit dekhydeycratiigatmpatture ast prdtsuvd. . Kpaorfroat | east
35 wt..% or at least. 40 wt.% or at |east 45 w.% or at |east 50 w. % of
hydr S8 ar BRHNE i 'ili‘ﬁ figstihy ﬂIqC%‘%’OB‘(‘}PWtal%‘Ig Bragdest f theawor ppendiydipeatss by

hydr ocar Vi |- JoYalWatae I

hydr ocar ggfri:t-acéto %{3‘%{%39@%&&2%?%?&@%) rg(éﬁﬁ;gg{? lglrﬂr%'% f}o}gh ?ﬂ@%é:%%lryéénce W th
ASTM Met lvoohpBsia@ 7.Colimen bynktalod thoPeroolint Hitde nga ¢@eplsinds kenmy atont ai n at

I t 20 wt. % I 25 % t | t 30 . 0% I t 35
w o or g oftom 28k GRosic e SbreRure s aym A ploathat Voo
hydr ocar bagtfice I@@colim@@@%weﬂcsﬂafn%ég(}@rrﬁgu&egﬁé g Iayawarbsn-eomﬁirgecr ude

oil, or my be a toppéd crude oil 'he hydrocarbon-contai ni ng feedstock
may &bso peashichinay e separat¢kegonithe vapon prieni@ hyidratiggement Piieondensing the first

T o 90 SRR AT T GR0LE B Shed ARG P

ASTM Met m@@rotreat the first hydrocarbon-containing product. The second hydrocarbon containing-
product is a liquid at STP and contains at least 80%, or at least 85%, or at least 90% of the
carbon from the heavy hydrocarbon feedstock where at most 3 wt.% of the second

30  hydrocarbon-containing product has a boiling point of greater than 538°C (1000°F) as

determined in accordance with ASTM Method D5307. The second hydrocarbon-
containing product also contains at most 10 wt.% of the sulfur of the heavy hydrocarbon
feedstock, where at most 1500 wppm of the sulfur is contained in compounds having a

boiling point of greater than 343°C (650°F); and also contains at most 50 wt.% of the
14



WO 2012/ 078837PCT/ US2011/ 063881 D4294; and the hydrocarbon-cont ai ni ng
feedstock may contain at least 0.25 w.%nitrogen, or at least 0.4 w.%
ni t rogen.wo 2012/07843¢ process of the present invention isPparuseeioedssy
applicable to certain heavy petrol eum f eedst ocks. The

hydrocarbon con dstock heavy o n extr 5heavy .crude
o7 1" cont SRtEg ok R et hefogn Rt feaar st Iy enof Gedds ﬁlfneavy
or toppe@oﬁﬁﬁkéuh&ﬁﬂgLQHgﬂﬁnﬂghb@@ﬁ%%bﬁh69g§%@9ﬂﬁh%@@¥l@%@ﬂ%'ﬁh8§aﬁhd
residue or pitch unmen; hydrocarbons derived fromtar sands; shale oi
crude oi lhydtoradphepntainiigspradess mayralispeconidin leas hanmOriesprin esnadan, lassghai t s. 10
Hydr ogen . The dr xed with the hydrocarbon-containing
feedstoc§H$WR% 6%&%F€§§ﬂméﬂﬁnﬁc%W8836r§u|f|de in the catalytic

hydr ogracki ng step of the process of the present invention is derived from
a hydrogen source. The hydrogen source nmay be hydrogen gas obtained from

any convé?ﬂtaldﬁaﬂllbsﬂmdmaﬁﬂn&ﬁtﬂmx Hysirogarbandiongaimig Bepehitorkgas, f or
exanpl e or. al Iy oxidizing nmethane or a natural gas.
Hydr ogen d?#g dEJn Cﬂtyg*%e%{d@%r}égen sulfide that is mxed with the

hydr ocar bon- cdmkaiydtoogrbbeedsthining febdwockahaliy stilizedrid theygocgeof the pidsent
catal yti ¢ hydrocracking step of the process of the present 20 invention is
derived fREH{GN ﬁ%@l@@é@ﬁvglﬂyﬂmérbewhebareWéewe Pega Rrasked indhe RWGESe may be

hydr Q en 1%%!' Hﬁi)% - c§§t8ﬁ1'i%1%9dsft5&hmlﬁ e?@% fel%&@ii g?gin?agh Geleadt0DWRIG ON. €. 9.
an 0| or ura gas reservolr h rogen su source nmay be a
chemi cal hnyelaachnbom hdvaig ¢>bmﬁngp&nhyﬁgreagenhsm538°db Thoumex@ny hedrotddoimeact i on

of nmolten el emental sulfur with hy drggen at a tenperature of 450C. At | east

2 porti oMaBng AHeIIFEHIONGh LEalerlans TH8IC Bt DEIrp ek bYF ARG Matsial e
pr oduced oy ha Y AUBRLACKI A AX 18R MEnSAIBSBI LORRS) o MRLEREe | NVENLT o1

and recycle mxe e hy rocar bon-cont'ai ning fee ock, the
cat al yst fe@iﬂ@chyrmlydn@ealected to confdim ah}yealstdg'ewt % Librfait dtesﬂ?:i) . %voﬁadea‘soBS m Xi ng

wth heh roca on co alnln ock the dro en|n an
ArouD SO P nIara ¥ Wt igeto Sars ohe 1667 Sty Post e
catal yti %oﬁin]ggﬁﬁnt off g%e'a{%:r |ﬂ¥a‘ij rﬂ@‘@C’Eh@H (ﬁB@d?bo 90 !uﬁl Suq@ oi@g%%ter abl e

catalytic e hydrocracki ng step, oge e I's provided to
be m xed seletthd td'xe)nlwyni aoleam RO wtco ndsaduei cmgatﬂ@edﬁ vtk residee, cataleys 30 vartd

hydrogen in_an amunt nole ratip basis ative t n of at
least 1 Ao¥ECPT Hyehh Wt qicpidye Pat 161%56@61’%‘% fﬁ‘ﬁ?‘&)"r@ ‘Te&pﬁg Wg%”r BgeHe:
sul fide RYqB&PKEYI Hdgdud. N an anount on a nole ratio

20 The hydrocarbon-containing feedstock may contain significant quantities of lighter

hydrocarbons as well as the heavy hydrocarbons. The hydrocarbon-containing feedstock
may contain at least 30 wt.%, or at least 35 wt.%, or at least 40 wt.%, or at least 45 wt.%,
or at least 50 wt.% of hydrocarbons having a boiling point of 538°C or less. The amount
of hydrocarbons having a boiling point of 538°C or less in a hydrocarbon-containing

25  material may be determined in accordance with ASTM Method D5307. The hydrocarbon-
containing feedstock may contain at least 20 wt.%, or at least 25 wt.%, or at least 30 wt.%,
or at least 35 wt.%, or at least 40 wt.%, or at least 45 wt.% of distillate and VGO
hydrocarbons. The hydrocarbon-containing feedstock may be a whole crude oil, or may be
a topped crude oil.

30 The hydrocarbon-containing feedstock may also contain quantities of sulfur and
nitrogen. The hydrocarbon-containing feedstock may contain at least 2 wt.% sulfur, or at

least 3 wt.%, or at least 5 wt.% sulfur as determined in accordance with ASTM Method
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WO 2012/ 078837PCT/ US2011/ 063881 basis relative to the hydrogen provided of
at least 1.5 : 10.0, or at least 1.0 : 5.0, or at least 1.0: 4.0, or at

| east 3. OWO20120078%37 at | east 2.0: 5.0. Non-acidic Metal PCOrusadmionipst

Hydr ocracki ng Catal yst 5The catal yst utilized in the process of the present

invention jn the catalytic hydracracki tep is relatively ngn-acidic and
cont ai ne 20tk EphEtiasfep ban gt icaditeRud coptaitis oy b RIS o
catal yst Jpasiedd oackgét tirdgeneasur ed by anmoni a cheni sorption of at npst 500

[tnol ammoni a desorbed fromthe catal yst per gramof catalyst. Mre
preferably a Adn-pagiesi of theprebent omteation isgartauddrlysipplicabld toendrthim hehey cat al yti ¢

hydr ocr ack] 1Qst f th ocess of the present invention has an acidity
a2 reasaPeHo By BReR  hEh Ch R g e s 8 B0 T 55 e B0 o
nmost §0, hefivyadrud®sil ca@Rainiy sadnifid@st qitiliE®H reaomONM Arcles ppedhdFomrt he

catal yst per gram of catalyst, and nost preferably has an acidity as
measur ed teped gbarheavorrawdest gantaping signiffcanpiuagHtiesidedéuestrivghs pisvmank e

cat al yot "OpiopROER i oRnl Bl ek, RO RREE AT ERTRRIED . o

t he preseatuunnwsiiieQAndasphaitses at nost 0.1 wt. % or at nost 0.01 wt.% or

at nost 0.001 w.% of alumna, alumna-silica, or silica, and, preferably,

the one or nore transition nmetal -containing catal ysts contain no detectable
al umppa, I_BJJ{J jpa-silica, or silica. The netal -containing catalyst utilized

in the cata {Rl ¢ hydrocracking step of the 20 process of the present

i nventi on pr efléedlgtisoghashat istrhixed ethrie bydrocaryont-conmining fexais@cly,zheg t he
formati on of hydrocarbon radic cation nd thereb oi d cat zing the
for mat | ofagst SReRadher A S Slin il PuiBr b geho LBl e t he
course of,QyakiRGAGK iN@rvRE fioufs REAHRANsERR! AMBINYErdeBR UG 8CHay bé 1S
believed that a non-acidic, Lew s basic, netal-containing catalyst is

hi ghl y efhfydiogey gas ehtainerkfrom any sokvangoral hewregs dryetbeds fooprodoeinahpdnegen

25f eedst ock .due, at | east .in .part .o.the ability of the catalyst to donate
or oiar e fat d8t Srand et ybPuBEPbonbTy SEaP Rl bt ona BBl Ag ¢ he

hydr ocar bon when the hydrocarbon is cracked so the hydrocarbon forns a

hydrocarbon radi cal anion). It is believed that the hydrocarbons of the
hydr ocar Bbiregsritsalfideng f eedst ock are cracked in the hydrocracking step of

t he process of I - t i e nedi. [ tqon,
wherein a 30L<;rv1\],1£ 219%12) gﬁﬁeﬂ’?g‘% Hl\ég{r%tdéjlgﬁ? %thgg%@%é%a?@c?ﬁ‘ﬁg@%g&g St(r%g udé(?l on at
the sit e cafalyishandyigdrogar inahe vhayec hid@ohyicking sep ofithe praveschiatle pfesemi ng t wo
hydr gcar bon radi cal, anions froman jnjtial c\lﬁ,dr ocar bon conmpound.

Hy dr 6B ar BoYSnHAR Isderivethiremst lydeogrgspiliidesppice wit8n hyfregehiuliste sUECimaY Y€ car bon

atom t hglgﬁllfogélf glgfg?% g&b\%gé}aféﬁ fﬂfgﬁ TRiu Y %é%gtflggéc?xg g%ﬁﬂh&&'e.g’.%' QNSrmay be

ener get i n a hydrocarbon i I'n accordance with the
process ohturdeas Wee12012/107 8@ PRATIUUSRODLIGEBBBHe prienand] reavvienthadn, or the
cracked hydrocarbon may rearrange to form.t he. nore energetically favored
or i mar y PRAYEE MARFSH UGB o8 CEAEP r e ion 6 NP BRMAE BT Wt anot ner
hydr ocar pQarooen hof @hipetadird 8F 450°A" QGAERON porliidf of BRAIRTEeWshIfide @silde i N the
formation of "a secondary carbon-carbon bond that is susceptible’to being
crackéd aeravered Eonethervapasiraduce ol tlackirdsonvackars sep ofathe orosessrd thepgsdnyel y
stabl e the re re likely to be. [ nat ed by hvdraogen. o dr ogen
urti e prcaBhE Ryt Bt Gt BRPAREh- Pl 082k, Y

catalyst, and hydrogen.

The hydrogen sulfide is provided for mixing with the hydrocarbon-containing
feedstock, the catalyst, and hydrogen in an amount sufficient for the hydrogen sulfide to
30  provide a demonstrable catalytic effect in the hydrocracking step. To provide a
demonstrable catalytic effect in the hydrocracking step, hydrogen sulfide is provided to be
mixed with the hydrocarbon-containing feedstock, the catalyst, and hydrogen in an amount
on a mole ratio basis relative to hydrogen of at least 1 mole of hydrogen sulfide per 10

moles hydrogen. The hydrogen sulfide may be provided in an amount on a mole ratio
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react with anot her hydrocarbon in an annealtion reaction, and significant
hydr ocar bon radi cal ani on-hydrocarbon reactions nmay be unlikely. As a
result, Iwotbhe/oedse nay be formed by aggl oneration of cratRsdohpesscar bons
and little refractory sulfur or nitrogen 10 conpounds may be formed by

2001 onor TiDFFIBved HALKHTHER OROREI Wt bl GBre R (e Qo Boret
agg oner c

Convent i qnals 1yerQesR8 ki NG, (p%}gﬂlggtg outg hi ze an active hydrogenati on met al ,
for exanple a Goup VIB (Colum 6 of the Periodic Table) netal such as

nol ybdenum and/ or 15Group VIII1 (Colums 7-10 of the Periodic Table) netal
such as ckel uppor t vin .S d and/or Bronsted-Lowy acid
properti Cfcéé?w@){}é% Blp’%lrlﬁiﬁé}gmc ‘?‘i’ﬁﬁgn atgg’lyl{ ca, or alunina supports. The
acidis suppor tThe @bl Wz @sliZen &€ te odéysjéﬂlﬁéEﬁ@étﬁ iRRetbin e MethtdBtiBydr ogenati on
metal catal yzes hydrogenation of the cracked hydrocarbon radicals. It is

bel i eved hyf@cragkingisiengs Ff‘é%twlwwlr&@? Boheontaing ph ekl yeisedlvt mgtadspiatdgst
havi ng S'ﬂ@'rélh@?ef‘}ép&gﬁ‘gh%'cta&}ésfﬁ a%t cﬁd}ty gn;éa‘&ﬁ%@‘ok% dJmaF IRGHS tion of

hydrocarbon ra atrons ocarbo ani ons

Hydr ocar heomosteslioqaholeaimoetis desoebaiasdm $ﬁe&bk£y9ﬂpéﬂ‘lgr@ﬂn&ffeaﬁal}@ﬂ Mloteerti ary
carbon atom therefore, cracking nmay be energetically directed to the
for mat i olrSeraplya 1ot 3Fidig AL i ueigedimdhe gtalyiie BYydipeiaeipe ¢ he

crackgd Qbég &??ﬁé R88sIBY th'é%?ég@ﬁt‘]ﬁ%rﬁl%nfh% el SJ} Ry rﬁea%ﬁﬁ:rd%sgnﬁﬁbﬁﬁ{ favored

tertiary r cation rocar 25r adi c cations a unst abl e
rel at i ve chemisyrtios @f btmostzi@Dp@flat amisoHi), oaatdnom;ﬁOrcﬁammasaxﬁ ok gyt mp¢tH Oot her

hydr ocar bon Shoul e tertiar adi cal reac Wt h

Py ocar B B GRHcRoMEGEI HGHBHA! BOEr RE HaNSE OHASPIF BRI a0t he
formati oncRftyas %ﬁﬁﬁ’éﬁ GRAARINRUME M PRt InSof f@q}m&%ﬁﬁ@ﬁlh RbQrbe fosthmge cracked
again. As a result, coke and refractory sul fur and nitrogen conpounds are

f or med byaatabgt paveram obeatalyst A ap eabréichehy dnp oxtdbenstaimee GoHEstatibatdbim c

hydr ons i.n c ackin rocess utilizi a nventional crackin

cat et TG LS SRS gty i BRSO MR OO Fharfid flh o

enbodi memt 1, wt.fg of @tlrﬁ@stvoedwmnoraeﬁlnﬁﬁsco 0bewit S beaimimah@hyisd sidtd, lok Zi@ida,i n the
hydr ocr acki ng steg{of t he process of the present invention is a

t hi onmet alanétREeiEEAbAY. Jiey onerpamqre tianyideemekl-coapecathlsts eontdin 8¢ detsetable o
second I £ the first WO 2012/ 078837PCT/ US2011/ 063881
net al |2%i‘ﬁ+lg%t2'gﬂ lre{osﬁ#rah(t)arvgt}r%oup consi sting of copper (Cu), nickel (N),
cobalt (Co), iThemdiHelontaisgudthlyfBitlizedin t\hebat(ﬂ&g?c hytreogakiag stepMfiYhe zi nc
(Zn) tin (Sn),. ruthenium (Ru), | anthanum ( , praseodym um (Pr), samarium

( sm) 20 euPepsesinf(tRepresst i iemPietasyOLy iy ]éttﬂFlSPFrP? Bty B YOS UNFRBYC | ead
(Pb), an%ﬁ%o%w?&é@%xb r?thléﬁ'f‘f‘?{tﬁ){é hita ﬁl@fé‘BZQV%ﬁtcﬁ alydhry tﬁ@l{@rﬁfaﬁgn bf om the

group consisting o denum t ungst , and anti nony
(Sh), wh@obe aﬂdereﬁe@omuﬂfur and mlsrog«:n canusdsm the course oSﬁ hyslroanetkalg thdhe
thiometal l rocar %Itl %oXtammg ﬁ/ee((i"sto ' IIt 1s bahév%tdrt a%t relll n%rr{eatm 1(': te(\avis e%s?cr m%ltal—
containing catalyst is highly effective for use in cracking a heavy hydrocarbon-containing
25  feedstock due, at least in part, to the ability of the catalyst to donate or share electrons with
hydrocarbons (i.e. to assist in reducing the hydrocarbon when the hydrocarbon is cracked
so the hydrocarbon forms a hydrocarbon radical anion). It is believed that the
hydrocarbons of the hydrocarbon-containing feedstock are cracked in the hydrocracking
step of the process of the present invention by a Lewis base mediated reaction, wherein a
30  Lewis base metal-containing catalyst facilitates a reduction at the site of the hydrocarbon
where the hydrocarbon is cracked, forming two hydrocarbon radical anions from an initial
hydrocarbon compound. Hydrocarbon radical anions are most stable when present on a
primary carbon atom, therefore, formation of primary hydrocarbon radical anions may be

energetically favored when a hydrocarbon is cracked in accordance with the process of the
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The non-acidic thionetall ate catal yst may have a structure wherein at | east
a portion of the material of the catalyst is conprised of the first netal
and t he swoant/areg3al 10having a structure according to Pormsk@1(063881/ S \
/s\ MW\ s/ \ s/ (I) where Mis either the first netal or the second

netal, and at .| east one qﬁlflr t nmet al 15and ? | east one Mis the
second mPrGFNt HYRItQR: Iy P%?faﬁlfedt droeafoon Ly TEaTaes i 19T ‘f"SP}ﬂS‘Fa (1) may

i nclude anthbadcngei@eSHig dEﬁlocl'ﬂld hEShgﬁRlUtH ﬁﬁ'rﬁf fi Reich Bi . Ag,
M h Nlnﬂ'g g‘? res 153111 ﬁltngl n eﬁ }ﬁﬂaﬂﬁglEé&OI&gactv@lt By P

Cd, Sb, anolthelrﬁlydmaﬂfe)ntth éonrm$1 iaﬂgeréltydtocmondhe rdaetl@tawell result hethé ferstatioet al or
the secongﬁmeta either th e second

et al TPy SRR g ighd e b EodphBielsb hine KEARH ot (1G85

20l east Qnre Nydi®carben FREANEhiORS At relandlitable asdy BOMoM lilkely febd hird metal .
Alternatively, the non-acidic thionetallate catalyst may have a structure

i n whi ch hyfgerated %hyc}fageéqurénydroge& SHPAe peedendfin fie rpackion Mikwexralicakdd chai n
el ements,, cp%gﬁﬁbtﬂeﬁlgﬁﬂ&!}% o %Rrahf?éaﬂgon eLétfo t ﬁ‘&%@f&n‘gﬂﬁj\% QSA udi ng t he

first neta avli n ructure accor a second
chai n el emiedl ahivalydioegrioheeseacnntanbe ahhl&hpl /25baesunghtaesbkmmh3abe accordi ng

to form lf(z)irrrgeldlbly) ag-gio-merati(yr\lq)fzcga&:%({eg E?(?fgzggr{s%%(zi%%&é Se?rﬁgt%%y sulfur or nitrogen
10 compounds may be formed by agglomeration of cracked hydrocarbons with heteroatomic
hydrocarbons or by agglomeration of cracked heteroatomic hydrocarbons with
hydrocarbons.
Conventional hydrocracking catalysts utilize an active hydrogenation metal, for
example a Group VIB (Column 6 of the Periodic Table) metal such as molybdenum and/or
15 Group VIII (Columns 7-10 of the Periodic Table) metal such as nickel, on a support having
Lewis acid and/or Bronsted-Lowry acid properties, for example, silica, alumina-silica, or
alumina supports. The acidic support catalyzes cracking hydrocarbons and the active
hydrogenation metal catalyzes hydrogenation of the cracked hydrocarbon radicals. It is
believed that cracking heavy hydrocarbons in the presence of a catalyst having significant
20  acidity results in the formation of cracked hydrocarbon radical cations rather than
hydrocarbon radical anions. Hydrocarbon radical cations are most stable when present on
a tertiary carbon atom, therefore, cracking may be energetically directed to the formation
of tertiary hydrocarbon radical cations, or, most likely, the cracked hydrocarbon may
rearrange to form the more energetically favored tertiary radical cation. Hydrocarbon
25  radical cations are unstable relative to hydrocarbon radical anions, and may react rapidly
with other hydrocarbons. Should the tertiary radical cation react with another hydrocarbon
to form a larger hydrocarbon, the reaction may result in the formation of a carbon-carbon
bond that is not susceptible to being cracked again. As a result, coke and refractory sulfur
and nitrogen compounds are formed by agglomeration of the cracked hydrocarbons and
30  heteroatomic hydrocarbons in a cracking process utilizing a conventional cracking catalyst
having an acidic support or carrier.
In a preferred embodiment, the relatively non-acidic, Lewis basic catalyst utilized
in the hydrocracking step of the process of the present invention is a thiometallate catalyst

that is a material comprised of a first metal, a second metal, and sulfur; where the first
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where ML is the first netal, where M2 is the second netal, where the
catalyst material is conprised of at |east one first chain el enent and at

| east oneweeowmidssshai n el enent, and where chai n el enent ®Cirruskéia/opass8er i al
are |inked by bonds between the two sulfur atons of a chain elenent and the

t al f d | { t
T b ot A ISR 6o Mg She Aoy Ll AT ermieg CRanikel e PSR i€y of
sul fur angk au L ETEbMer REECH AR OMANGIONR (OB FbBauaIGRY, Fe B

Ag, Dy,
Pb, Cd Snthaweh (L), prisepdyming Pl, samareura (Sing enmpmrhéEls)amerhmm RED)f i rst

netal or ,the s net al he .t hi chai ructure

recor d nd EEREERE furoin PRI RE) SRTAMEoRTE0 PR R Sl fgsat

mat er al jplelddagl f@@h@lﬁd@buﬁ@cﬁﬁs@dﬂﬂg oﬁnIoWHddntﬁﬁQM’cb) Qh@gﬁﬁalﬂt(W)atmkg@S&ncB portion
of the third chain elenment of the naterial of the catalyst is |inked by

bonds betWe@ANY K¥)t WHETs Hhef sgeonst Wps! ksmoath@ﬁ&mﬁ agfherfaritmetild thedhivecsllagt - an
adj acent ﬁﬂ@is{‘mﬁ §+ﬁ§1§&tatetr%thlome-[gifate?%ta%pIta‘al of the non-acidic

t hi onet al’ I one | at e pol yner fornmed of

repeat i ng nonde mos-auilid mldiﬁetallwe &dnﬁygttma,;cﬁawea strM@tute wiidréin:at leabt &S \ 1\ 42 /S
\1\41/ \5/ \ 5/ \ X (ﬁ where ML is the first nmetal, where M isthe
second n@PQ}OH of Ak WAkl of th%caé%ly$té%1§qu%d ogthe firsy metaj aﬁ@l\?h?sﬁeo\o@)?l meta}

10 having a structure according to formula (I)

/\ /\
\/\/

@
where M is either the first metal or the second metal, and at least one M is the first metal
15 and at least one M is the second metal. The material of the catalyst as shown in formula (I)
may include a third metal selected from the group consisting of Cu, Fe, Bi, Ag, Mn, Zn, Ni,
Co, Sn, Re, Rh, Pd, Ir, Pt, Ce, La, Pr, Sm, Eu, Yb, Lu, Dy, Pb, Cd, Sb, and In, where the
third metal is not the same as the first metal or the second metal, and where M is either the
first metal, or the second metal, or the third metal, and at least one M is the first metal, at
20  least one M is the second metal, and at least one M is the third metal.

Alternatively, the non-acidic thiometallate catalyst may have a structure in which
the catalyst material is comprised of at least three linked chain elements, the chain
elements comprising a first chain element including the first metal and having a structure
according to formula (II) and a second chain element including the second metal and

25  having a structure according to formula (III)
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(V) WO 2012/ 078837PCT/ US2011/ 063881 where Mis either the first metal or
the second netal, at least one Mis the first netal, at |east one Mis the
second newel2012zne83rhere x is at | east 2. At | east paTseellomssf t he
mat er i aI of the cat alyst may be conprised of the first netal, the second
nmet al , V|n ure according. t fo mul where Mis
SR T T R AT T R e R RN DN

met al  andofbrit@Bsttar RS MeifitsdAGinTRGRAA aﬁ@ﬁtalt:ast 3R selohd civfh EehRfl, ha@m t he
group consisting of S04, PO4, 1lOoxal ate (C204), acetyl acetonate, acetate,
citrate, whera ¢latre¢lembr,1t_sBrthelmat@1aMre larkgd N@bonmetw&mﬂw &yo sHaIrmEtey of  of
Lhe St ks oTenf S0 B TG ARRSh bl ATRL AN LR, SHAS ALY RS SLGiEkr vt ure

shown in®©

\no..s5.. 'thloﬁkltaﬂéte\c‘b’(al‘ﬂ/sﬁ maf cdH ?Mtd 4 thirdh@h@ dleni@y ch@pAsed dTiseFer andraairgr t han
or equal to 1. The material of the catalyst as shown in fornmula (Vi) may

i ncl ude anatdiselgcied frpm the|zsepecdnsisiang efeu.dicoBp AN i Ay (of, SouReHdh. Bi | Ag,
M, Zn, Ny 1S BMpg, t%rﬁkﬁ?lﬁ% Llur Pf’b &beLéﬁg ! whé%‘ﬂ%éfrttﬁdﬂr? talLl ot PP,

Cd, Sb, and 1n; where irtd i's' N e sane |rs et al or

the seconik smnteais thavist me20 bt the sectdnheﬁettlherhtelttnsd climixt elementrhak hetaeaend net al ,
or the third netal and at | east one Mis the first netal, at |east one M
is the séﬁ%@lnﬁé‘tgtrmu% %t least one Mis the third metal. The portion of

the material of the catal yst conprised of the first netal, the second
metal, and sulfur may al so have ajﬁol yrrersc structure accordl ng to fornul a

(IX):

10
(IV)
where M’ is the third metal. If the material of the catalyst contains a third chain element, at
least a portion of the third chain element of the material of the catalyst is linked by bonds
between the two sulfur atoms of a chain element and the metal of an adjacent chain
15 element.
The material of the non-acidic thiometallate catalyst may be a polythiometallate

polymer formed of repeating monomeric units having the structure (V) or (VI):
S S
NGNS
\ S / \ S / \

(V)

20  where M' is the first metal, where M?2is the second metal, and where x is at least two;

\/\/
s/\/\

(VD
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WO 2012/ 078837PCT/ US2011/ 063881 X (IX) where Mis either the first netal
or the second netal, at least one Mis the first netal and at |east one M
is the sewondizngssl’, X is selected fromthe group consi ?C'[m@szl/omsl PO,
5oxal ate (C204), acetyl acetonate acet ate, citrate, tartrate, , Br, 1,
C104, and NO3 X js.at le and prefer | eas At
Cast a DB BHOoretihS Bt meflRt nEsenaheiay iy shoMs i BR wiat et .
netal , th&se&ends ﬂﬁtsééondafﬁélalsb!ﬂl&bé/heﬂé%\flh'agleﬁst%trUCthe according to formula
(X): where Mis either the first netal or the second netal, at |east one
Mis the firstAtietsti pemidn af tHeanaeria g i dagal yh erag desntipriseo, the figst Xeitad,
selectedfromt isting,of SO4, P4 al at 204) ,

rcetyl actoaid SeHL AR R HT ed Bip R el LM VHETYY L nee. The
15mat grial of the catalyst as shown in fornula (X) may include a third
netal selected fromthe group consisting of Cu, Fe, Bi, Ag, Mi, Zn, N, Co,
Sn, Re, Rh, Pd, Ir, Pt, Ce, La, Pr, 9&3 Eu, Yb, Lu, Dy, Pb, Cd, Sb, and In,
where the third nmetal is not the sane as, the first metal or the second

metal , and where Mis either th Smatal r the second netal, or the
third nmetal, and at | east one |s/ fII‘S{ tal, at |east one Mis the
second netal, and at 20l east wom "les Mhe th|1\r/l tal. The portion of the
catal yst material conprised h rst" al , e second netal, and

sul fur may al so have a pol yneri §t\ku\u accgrding to fornmula (XI):

(VID
where M is either the first metal or the second metal, at least one M is the first metal and at
least one M is the second metal, and X is selected from the group consisting of SO4 POy,
10 oxalate (C,04), acetylacetonate, acetate, citrate, tartrate, Cl, Br, I, Cl104, and NOs. For
example, the material of the catalyst may contain copper thiometallate-sulfate having the

structure shown in formula (VIII):

\ Mo..,, SI,,....-\-\Cu
/\\S/

15 (VIID)
where n may be an integer greater than or equal to 1. The material of the catalyst as shown
in formula (VII) may include a third metal selected from the group consisting of Cu, Fe,
Bi, Ag, Mn, Zn, Ni, Co, Sn, Re, Rh, Pd, Ir, Pt, Ce, La, Pr, Sm, Eu, YD, Lu, Dy, Pb, Cd, Sb,
and In, where the third metal is not the same as the first metal or the second metal, where

20 M is either the first metal, or the second metal, or the third metal, and at least one M is the
first metal, at least one M is the second metal, and at least one M is the third metal. The
portion of the material of the catalyst comprised of the first metal, the second metal, and

sulfur may also have a polymeric structure according to formula (IX):
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WO 2012/ 078837PCT/ US2011/ 063881 11111.... .. ki X (Xl)
where Mis either the first netal or the second netal, and at | east one M
is the fiwetoratrss37and at | east one Mis the second net &CI/Us2013/06388€Ct ed
fromthe group consisting of SO4, PO4, 5oxal ate (C204), acetyl acetonate,
acetate, citrate, tartrate, d, Br, I)’( C104, and NO3, and x is

/ N
I ~
AN
N

p— ,I/l S \\\\ ]
Nf/| ‘\\ s
"....n";' M---. e MJ
S\S
| - X
(IX)

where M is either the first metal or the second metal, at least one M is the first metal and at
least one M is the second metal, X is selected from the group consisting of SO4 POy,
5  oxalate (C,0,), acetylacetonate, acetate, citrate, tartrate, Cl, Br, I, ClO4, and NOs, and X is
at least 2 and preferably is at least 5;
At least a portion of the catalyst material may be comprised of the first metal, the
second metal, and sulfur having a structure according to formula (X):

S
Tl ’1\|/I/1\|/I M,/

""I|S|I ...... \\
d < S pd

X)

10

where M is either the first metal or the second metal, at least one M is the first metal and at
least one M is the second metal, and X is selected from the group consisting of SO, POy,
oxalate (C,0,), acetylacetonate, acetate, citrate, tartrate, CI, Br, I, ClO,4, and NO;. The

15  material of the catalyst as shown in formula (X) may include a third metal selected from
the group consisting of Cu, Fe, Bi, Ag, Mn, Zn, Ni, Co, Sn, Re, Rh, Pd, Ir, Pt, Ce, La, Pr,
Sm, Eu, Yb, Lu, Dy, Pb, Cd, Sb, and In, where the third metal is not the same as the first
metal or the second metal, and where M is either the first metal, or the second metal, or the
third metal, and at least one M is the first metal, at least one M is the second metal, and at

20  least one M is the third metal. The portion of the catalyst material comprised of the first
metal, the second metal, and sulfur may also have a polymeric structure according to
formula (XI):
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at least 2 and preferably is at |east 5. At |l east a portion of the
catalyst material may be conprised of the first netal, the second netal,
and sul f uwohaw/a1883a structure according to fornula (X | PCT®SAYI/I06388L . . . . . t

S /s----- ivi 10 (XI1) where Mis either the first netal or the second
netal, at least one Mis the first netal and at | east one Mis the second

metal, and X is selected fromtI‘Ta)fgro consixt|ng of SO4, PO4, oxal ate
(C204), acetyl acetonate, acetatgq, ol/t)|g§1te tartrate, d, Br, I, Cl04, and
NC3. 15For exanple, at |east ma™ of thq\/le—a‘ﬁl yst material nay have a
structure in accordance with ml l"S"' S)Ns X Cti sIM."""""[I"" Cu
Sn (XI11) where X is select eﬂ\Ll'\m grOJp consi sting of SO4, PO4,
oxal ate (C204), acetyl acetonate, i

(XI)

where M is either the first metal or the second metal, and at least one M is the first metal
and at least one M is the second metal, X is selected from the group consisting of SO4 POy,
5  oxalate (C,0,), acetylacetonate, acetate, citrate, tartrate, Cl, Br, I, ClO4, and NOs, and X is
at least 2 and preferably is at least 5.
At least a portion of the catalyst material may be comprised of the first metal, the

second metal, and sulfur having a structure according to formula (XII):

S
TN S

X—TM
10
(XID)
where M is either the first metal or the second metal, at least one M is the first metal and at
least one M is the second metal, and X is selected from the group consisting of SO, POy,
oxalate (C,0y), acetylacetonate, acetate, citrate, tartrate, Cl, Br, 1, C1Oy4, and NOs;.

15  For example, at least a portion of the catalyst material may have a structure in accordance

with formula (XIII):
S
/ \ ot 'S'll
n
(XIII)

where X is selected from the group consisting of SO4 PO, oxalate (C,0,), acetylacetonate,
20  acetate, citrate, tartrate, Cl, Br, I, ClO,4, and NOs, and n is an integer equal to or greater
than 1. The catalyst material as shown in formula (XII) may include a third metal selected
from the group consisting of Cu, Fe, Bi, Ag, Mn, Zn, Ni, Co, Sn, Re, Rh, Pd, Ir, Pt, Ce, La,
Pr, Sm, Eu, Yb, Lu, Dy, Pb, Cd, Sb, and In, where the third metal is not the same as the
first metal or the second metal, and where M is either the first metal, or the second metal,
25  or the third metal, and at least one M is the first metal, at least one M is the second metal,

and at least one M is the third metal. The portion of the catalyst material comprised of the
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20acetate, citrate, tartrate, C, Br, I, Cl04, and NO3, and n is an integer
equal to or greater than 1. The catalyst material as shown in formula (X 1)
may i ncl e 20122¢41883d netal sel ected fromthe group consi ®Cirrus2afi/oess1 Fe, Bi,
Ag, Mi, Zn, N, Co, Sn, Re, Rh, Pd, Ir, Pt, Ce, La, Pr, Sm Eu, Yb, Lu, Dy,
Pb, Cd, Sb, and In, where the third nmetal is not the sanme as the first
netal or %ﬁén@g'cﬁﬁc?e%ﬁéﬁ“?talaﬁf&f F 833150 haye g @PIGEICHSIPCIIGASCAIAIngSP ¢ he
second Mgh@hula 220N); the third metal, and at least one Mis the first netal,
at least one Mis the second netal, and at |east one Mis the third netal.
The portion of the catalyst material conprised of the WO

2012/ 078837PCT/ US2011/ 063881 fiyst netal, the segcond netal, and sul fur may
al so have a polynmeric structuref accogding to forqula (XIV): s vsl '.."5, X
S x 5(XIV) where Mis either e fj/fjt\ .t-aS----o,Ev[[the second netal, at |east
one Mis the first metal and”at| Mast_o SWg#S tHe second netal, Xis

sel ected fromthe group consistyng of s, P04, ¢xal ate (C204),

acetyl acetonate, acetate, citrate, tartrate, d,/Br, |, Cl04, and NGB, and
X is at least 2 and preferably is at | east 5. 10The nmaterial of a preferred
non-aéidic thionetallate catal yst for(X¥d in the hydr ocracki ng step of the

process r b | L . 2 % af. li.gands
Ot her T hamerne Bepe e AR o U al o £33 o M e s i fan Py
met al andedsevmedh is e sacont andtie Xs ec saiettevefran thei gramg spnostingr ot KA Rhe

sul fur-metal b d conplexes with the first neta he nd tal,
mmy ot BBiedLate. AeF R PRt ARt s At RS GlnBE e CHar 69§ SOSRHEE 1§ hey
may |im ty; fehe PatgréeRbs) §9r Rhsitshe material of the catalyst to less than 50
nm for exanple, by inhi'biting the first nmetal and the second netal from

f or milAg sul f urFhbmiadeyed ot haiaterredmmm-avadie thiemetoflate satalyshtoavbadinghe hi onet al | at e
catal yst h%%cpa%k{[ngts{e%to itl?e”&%@ésls %I? fhe present invention may contain less than 0.5 wt.%

of ligands other than the sulfur-metal bonded complexes between sulfur and the first metal

and between sulfur and the second metal. Ligands, other than the sulfur-metal bonded

complexes with the first metal and the second metal, may not be present in significant

15  quantities in the material since they may limit the particle size of the material of the

catalyst to less than 50 nm, for example, by inhibiting the first metal and the second metal

from forming sulfur-bridged chains.

The material of the non-acidic thiometallate catalyst may be tetrathiometallate
material comprised of alternating M'S, and M?S, tetrahedral formations located adjacent to

20  each other, where M is the first metal and M? is the second metal as described above, and
where the metal of each tetrahedral formation is bonded to at least two sulfur atoms that are
also bonded to the metal of an adjacent tetrahedral formation. The tetrathiometallate
material may have a polymeric structure wherein a portion of the first metal is located
within interstices or holes in the polymeric structure, where the portion of the first metal

25  located within interstices or holes in the polymeric structure is not bonded with a sulfur
atom or second metal atom included in the polymeric structure.

A preferred non-acidic thiometallate catalyst for use in the hydrocracking step of
the process of the present invention preferably is formed primarily of a material comprised
of the first metal, second metal, and sulfur as described above, and the material of the

30  preferred catalyst is formed primarily of the first metal, second metal, and sulfur as

described above. The first metal, second metal, and sulfur may comprise at least 75 wt.%,
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material conprised of alternating M54 and M254 tetrahedral fornmations

| ocated adjacent to 20 each other, where ML is the first netal and M2 is

t he secomaloret2Al78&33 descri bed above, and where the net alPCofuSe@aine3ssl

t et rahedr al formation is bonded to at | east tvvo sulfur atons that are al so

bonded to t an ad cent tetrahe for

oot St e D & B A, GO I SE Mkt Bl Wprera foasy
portion @b e & 1dtwimBlorthe Matt@AF %ﬂa fﬁdéxﬁﬁtﬂla‘té‘éa@il?&t'sﬁﬁ&uféﬁ ARAkgsibkd the
pol ymeric structure, where the portion of the first metal 25located within

i nt er st i abgveowhis) tbe mageriahef tﬂi@lcg'tabsi cconmrrsumulczet H@ win6t obas iehstioivt. fo, @r sul fur

or of orr ed HON- 40T corh O Lot o e Su BT ALBaT DN b ng

step of Wher raeRas O wi herpoesest ofﬂl\éQﬂﬁbhfét’Ml@fleaﬁd[ﬁW y is formed primarily
of a material conprised of the first metal, second netal, and sul fur as

descri bed abovde fléiﬁdnfttﬁén%b%]?fﬁ%ﬁntmth?ﬁ@t@@bp@ﬂ prefetedownaacyle is formed
primri l fi bed above.
e i1 S%{h@m e{apﬁtescg{gfjst fB%gé fn tﬁ@ﬁgﬁs 1ﬁlg ’ste m‘ﬁr&& gfthggge;é%ﬁt? 5 wt. %
WO 2012/ @883 PETdn i520iclh 06 38&ivead tiat sebela‘ﬁﬁneﬁl)owt 184st DL. The hoast réb oft . %
or at least 90 wt.% or at least 95 w.% aqr at least 99 w.% or 100 w. %

of the mbleHAMet! O HE 5599 MO ﬁleén%félfwéloj‘? the hiomeallareepialystnd(ariin g
abov gy mﬁﬁﬁleﬁaﬂﬁte@{aﬁfs't %lla}pJ Oérgaﬁelctﬁﬁff‘h YSbr zft%gg{ b §e§r ﬁﬁea@@ﬁ?tor%@) fe‘ﬁ@t 4, or at

Ieast 60 wt.% or at ‘1 east Ww.% or at [|east % or at |east
. % or oatht lkeastl, 90ameastvd: lorlt mtbeliexasltth8Fhdfatst ﬁ'betad)coranblhteasgma@anﬁyt% or 100
.% of the tagl orretalla The first resent in

| ) |
the ot erbSqay Sty B el bieayhinmematioci ek Ba ciepye g gplhse

t he hydr %@Hﬁ:cﬂ?éé%ﬁt ﬁkf@fﬁldﬂfwﬁéﬂ%@ﬁ%mmsf pr%ﬁ:%tﬁf tﬁé%&eria%ﬁﬂ%'c@t@lysﬂ an atomc
ratio relative to the second netal of at least 1:2. The atomc ratio of the

first metad/or o thy eatglefsb fidamameunt irglativeeto gt @r:in@d m@fal tamemtgrfrmeln@tlyd@@

catal st n 10t hi o | |.at er than 1:2,
o at 57 o WIS mih loty G2bits SR B 0B Rofigh TpeiS or o OB EAELRET 1
| east 5 Inetdlt Therelgt] @Y eigst indead] nidiebef inéSporBidah tkonheHHWI e digddligant |y to
the catalytic activity of the thionmetallate catalyst in the hydrocrackl ng

step of th@lystaedesinghe eafalypl BsEmMmMeun.aakafishtofhe seoone nfetd stuchag thej s
present rertj%lQ?atﬂ)a&e[ kst Rletd g(?th%%?dnﬁ%etal% 48rfrdn?PﬁJ‘§at1f§t ?g_less allgg” an

anount 've to e secon ranging fromslig f the

first meteadatdrahdnhshesacanicht migt fdst metabisgiot fieesnt lpyommeeofahe tdeend idesdl imet al to
the second netal. Therefore, the first nmetal may be incorporated in the
mat efPal Ut CHHEStt hi onetal | ate catalyst, and/or in the catalyst, in an

amount, rel atipg bEf?e\Iea?h o fej{l]ug@lgq{on ae @thﬁ&ﬁétalﬂlﬂf?ﬁﬁlgg?lg L@kl the

first metal to the seco nges omone I cantly

gr eat er teHactiverfer usuo hydtvatacking afhiensyt hyrroairbanscantdinimg mtgnaé npthe poecess of t he

second m:"tfahe ;;rgsent invention due, in part, to the molecular structure of the catalyst, which
facilitates donation or sharing of electrons as a Lewis base from the catalyst to a

25  hydrocarbon or a hydrocarbon anion radical. The sulfur atoms linking the first and second
metals in the catalyst may facilitate the electron donating/sharing activity of the catalyst,
acting to enable charge transfer from the first metal to the second metal or from the second
metal to the first metal across the molecular orbitals of the sulfur atoms, as well as
potentially acting to directly share electrons from the sulfur atoms in the catalyst with the

30 hydrocarbon or hydrocarbon anion radical. The sulfur atoms may further facilitate
donation/sharing of electrons from the catalyst to a hydrocarbon or hydrocarbon anion
radical by charge stabilization of the catalyst as the catalyst donates/shares electrons with a
hydrocarbon or hydrocarbon anion radical. It is believed that the structure of the catalyst is

particularly effective in facilitating donation or sharing of electrons from the catalyst to a
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20t he catal yst. It is believed that the relatively non-acidic
thionmetallate catalyst is particularly effective for use in hydrocracking a
heavy hydwocarimoss3cont ai ning material in the process of PChaSprieseIsst
invention due, in part, to the nolecular structure of the catal yst, which

facilitate atio aring of . e tr ns e ase omthe
cat al yst TorosBan ) BrGESF BOREIT SCisgLb BERBGACER b e BRI HE sul T ur
atoms |i fb%ljﬁﬂarfc@?ru&ﬂufééucﬁ@@se‘%%&‘ﬂpﬂl FRh&LS$ (V%ﬂdﬁ@l??&o@k)’ﬁa&n&ﬁ%ﬁ @Héﬂkisat €

the el ectron donating/sharing activity of the catalyst, acting to enable
charge t raah:sﬁér sﬂmtmnyc Hardei induceden tie cmlyshby slmmgwr demeaionmf efecoons thehesecond

nmet al tot Ss t bitals e fur atons,
no el | - iuliebhE br BB %G R lRAF 5 ska O Bt advde RumbRSHY Sul't o

at oms5i n atdies ﬁ@tfﬁjsﬁ/zﬁﬁ sekdna rhé’t@ls%htMﬁf&@%b%ﬁer@rstrh&ﬂf@&&h@@ﬁal g on radical.
The sul fur atonms may further facilitate donation/sharing of electrons from

t hebciat al yst tPopgidiedmeseisinthirmeigiinie explysrimanbopariadadasties)ive Hathge )
I g R R L D S LA

st ruct ur etroftutehe tmﬁeahmaimetslla@@mhte@ul any yaef Juifeded\egectronfria@inhdtilat i ng
donation _or sharing of electrons fromthe catalyst to a W

2012/ 0788 PrReredp TN oealg aahi kg e WB%OWCW@F%%P% Aesals B #3404 cal  when
the ggtalysf, %%at% dﬁgﬁvgtﬂ@ 6&5&1&’1{ 18&%s¥ efé %ﬁﬂﬁ&&%ﬂé&mﬁ% ASa¢¢ forth
in formulas ove, particularly en x is at least 5, since

any char g@waﬂyweﬁﬂed fn hjrrhroambcai grsd:kﬂng/pmheasemgnwthdmml obtypafal ekeetod-ons t 0]

t he hydrocarbon or ocar ni.o i C be spread over a larg
nunber of CBMarOBRPS THRDT o0 ISR e et Rt ORGRST HEre gl virer f
struct ur enofreéiee 6AkRIYSd, and zero-oRidafi&d @cﬁt%%%cﬂ@ﬂ-‘rﬁﬁ'n%tﬁs thhgpeil | ate
catal yst may be particu rIy effective in the step of hydrocCracki ng a heavy
hydr ocar porlucaon af ¢ukagn mta@kmalpr@qem qurlﬁéaInplleemnpalr sudfiideis o etlecaon-rink
tetr h|o |.at e ter ulfided electron-ric tal s
nconBor St thifd S TR R T SRy b o eGP SR B BRs. Ti ch
met al s t Qesul ARz addO@¥tedAtd @Ml FledloRe BHafon.t ke MYCOGF aflchite oPh as@ss. Use
of sulfided electron-rich nmetals is ty (i)l cally avoided in hydrocarbon

T

cr acki ng apidéscipseesalitensalyHasefat W thehydrogrpeldng siee ef hemregeshofbe areseénpounds
may be e%%&ehﬁoﬁ%we@&d@& A d &%Lb%gﬂ eferbh ?mﬁ %{e‘?‘l‘%ﬁéfﬁj&tdoﬁpeﬁ&r% 1]\tﬁ' if he
presence of yd’ro en Zero-oxlidatron s ron- netals

cat al yze thdwhiquicasitied eayaf wheakeldctroarich ackilp guobrascegiser ofFbisneitaapl e, copper
sulfide is an electron-rich 15netal that is not typical I%/ utilized in

cr ackl ng PETBEREIDE gsgtidthe §rst ety ﬂ%B’@r@FaﬂXﬁt -t BhgeetEai¢lmERbay e bPWEt 8af t er
catal yze okl Qakb Afttur S IR it or B U e R P8 AE L Fon-rich
thionetallate tatal yst use in t rocracking step of the process of
t he presamtalitnue menoe]x,lddmomm&’r an@ﬁmi:db@fsnhlbmng%prﬁvemmgahe tarmanion btéokeet al
such as op er or the t | at.

|
ol ot oo SRS ertox at Gl e lslecg et ity Tediiifn SO S Bk or use as

the fi rStpaﬂI%hﬁlhy'c@pf)é?em(@é aﬁaiﬁétauéw@at@ly@t%at@ﬁa1rpr@rhoﬂé§ﬁ@|elé@ﬁénbe bound i n
the catalyst by two sul fur atons, inhibiting or preventing the reduction of

t he @5ectdlooattm/s@hnmdmlram@ﬁtmsofz@e thioxpigHate satalysamaterialiyy mprgasng thenhi bi ti ng

or preven t.he.for the. zero idati.on.s
o et on Haclln ifih 3¢ TR b SGu R pbalof R PR G2 4P Mafd % o
copper, in thexpﬂef@fmtr@hla@kﬁc fRfapbythinit @kl @h uiddivieatdliee el ectron

25donati on/ sharing characteristics of the thionetallate catal yst materi al
by i ncr eA§fliegrackiag step of the process of the present invention may contain little or no oxygen.

The catalytic activity of the catalyst(s) in the hydrocracking step is, in part, believed to be
30  due to the availability of electrons from the catalyst(s). Due to its electronegativity,
oxygen tends to reduce the availability of electrons from a hydrocracking catalyst when it
is present in the catalyst in appreciable quantities, therefore, each catalyst utilized in the
hydrocracking step of the process of the present invention preferably contains little or no

oxygen. Each catalyst utilized in the hydrocracking step of the process of the present
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el ectron density of the thionetallate catalyst material available to be
donated or shared. A preferred non-acidic netal-containing catalyst used in
t he cat alwoi2e12ny8836cr acki ng step of the process of the pcedsne1tiossssnt i on
may contain little or no oxygen. The catalytic activity of the catal yst(s)
in the hydrocracking step is, | art, helie t o be 30due t

avai | abi 1008 ey sarpe eI aprityeat UPS vide ot os: 0.bPwtAE

el ect r onegatdnVisti¥oas@el %? Meh @SRl Rt 6iE MG b RBe@¥AbbERIcht, fox?gefn ighsct rons
from a hydrocracking catalyst when it is present in the catalyst in

appr eci ableecgblnn any exalystheigédimethe eatglytic Aydograrking istep 0€ thei mogese

hydr ocracki ng step of t process of th esent inyention .preferably
cont &t ne 11 ¢ C1BeG nitse b PR iR, Beotb APy SRRl S R RE SRk ng
step of Wi HrOEEEpariculfesidkREeMaviddQ gide Qir8 IS MG oNSAthld f0R38B1

invention may conprise at nost 0.1 wt.% or at nost 0.05 w.% or at nost
0. 01 wt . sselyeean and/oppRdianddrtisle Heuthere e soliheatyrst PRtictes prefemplyede

enbodi ne 2N, S t ' Ut | ' -

catalyt i dpgRRUaR paudes 1B LEEh AL bR Sl Bl ek RS ARCIE i
pr ef er ablpyrtichs @reinldrahean paytitlogractkit fgisc3d ahyst s 1@RERS he, @ wabildun, or
particul ate substance having a particle size distribution with a relatively
smal | medR fadaf BI: bR (0, o |feons pG Bm yiniarlent v selid pytiswagico@dyspar ti cl es

pref epably.; S E . DRME, article
Si zqui sth%éiw%gt% iﬁgﬁﬁ% %@(gls?rfepgﬁgg%ggra? %ﬁgugﬁg}éggaﬂé%ﬁ&ﬁeﬁ% fpart F@[kg si ze of
g'(t) 0I east hﬁﬁ?gmm@g aatl/olr ﬁmdtanrtﬁrttcﬂﬂAsim (l)ﬁj.(pjp tioal umnlms adargﬂ[aggl?aga%@lingme apra up to

nm or 0 nm up..t nm solid particulate catal yst 10having a
part1 ol e Stcs B e BhalFutituieb o ardige s G it o SR e RiRdhes, | for
anm)' e hahifbra fieddle ana/paficiRe &h-RAdIE)] ﬁéi%ra%ﬂ%ﬁi&ﬁeth‘lﬂlc}c%talﬁﬂHhviﬁgﬁ a
arge aggregate surface area since little of the catalytically active

conponentpertige sirredistbaligswith adarge quansidy of sthalhparieles, thesefors: nofy be particle. A
particul ate non:aci di referab thi.onetal |j,c, catalyst having a.particle
B e 181 s rTiEties 5h ot pine By GE Ao hiGE TP ohifior b ot oS dRaRPE e
be 15 desh paRi® o @lativel§ High ddpeeeCaatdy it dctivilty diOy Be Kirfdte kb Phe ddiyqr ocess
of the present invention to provide a relatively high degree catalytic

acti vi t y ajtbableofor pralytie pefbdtyariegatalystined phyairggickingmstemef the prcessafas t i ¢
activity. ' r [ . of

Movent | i ieafh oy 3k 5568 phie MU BUAEREIbEARIns P BLRRESRISAAS, ¢ ¢
si ze di stwithouinemnpastitle sixemedor padiah pheick dee engy/torl \mediraferaddy hdvidgea si ze of
up te 1 nm preferably having a 20 pore size distribution with a nmean pore
di amePer PRFFdTET distriRBUOMYYIY 8 ecag iPaFediametst and/ i Bodie Pascaaeg el MR Slor

from 60 tté’lt %uf}gtgé%g,%%?nn%@foeiﬁbin%ﬁ&ﬂé,'bgeféraﬁ%}%v}{&' d40Bre Q{ﬂuﬂ{e dreast 0.2

cnB/g, or a g or at “least 0.3 c , or at l[east 0.35
cnB8/ g, oreaat0.Reaste, Or & leasBD G5 canitg grefeestdld ymirgvorrag leastBETS sul/faveat Easta of

t | t 5 /9, t t 10 / d 400 pP/ g, to 500
nor g 26 A5 T P Rrs e AR srh Mt apeassaren o5 s T mgecotoufipst gk 1 7 2o
in the hqull_r/g),ca?%gtgiﬁ@go@ﬁlé@b&fuﬁtagogrn%ss of the present invention may be

insoluble in hydrocarbon-contai ning feedstock and in the
hydr 82ar bon- deéptd ficdate nespeldigrmdtaleraghining chfelyseiliged actieng step of the

RN R e N O S A A
In hydrocarbon-containing feedstock and in the hydrocarbon-depleted feed residuum formed
in the hydrocracking step of the process. A solid particulate catalyst having a particle size
distribution with a median and/or mean particle size of at least 50 nm may be insoluble in
30  the hydrocarbon-containing feedstock and the hydrocarbon-depleted residuum due, in part,
to the size of the particles, which may be too large to be solvated by the hydrocarbon-
containing feed or the residuum. Use of a solid particulate catalyst which is insoluble in
the hydrocarbon-containing feed and the hydrocarbon-depleted feed residuum may be

desirable in the hydrocracking step of the process of the present invention so that the
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30 the hydrocarbon-containing feedstock and the hydrocarbon-depl et ed

resi duum due, in part, to the size of the particles, which may be too | arge
to be solwetet/iygs3vhe hydr ocar bon-contai ni ng feed or thecraspdoawsmsskse of a
solid particulate catal yst which is insoluble in the hydrocarbon-contai ning

feed and the hydrocarbon- edfee esi duum may be desirable.in the
hyar ocr ackiing SeeRE Sl BPuche EssRtmar LR PiksnenE st " o wo
2012/ 0788 Bg;g{eld%pge;iéé)@?tﬁ@l;mg@gsal yst may be separated fromthe residuum
formed by the process, and subsequently regenerated for reuse in the

process. Met hod of Prepari ng Preferred Non-Acidic Thionetallate

basi .t e st NATareh MintteRay Gt FEJERA e he pr ocess

of the pr;gwgméw,@mpon in the catalytic hydrocracking step-wherein the
hydr ocar bon- cont ai ni ng feedstock, the catal yst, and hydrogen are m xed at a
t enper at ure ofA BIEEIdS. BODE basie thiopré i @tpyst raterigbiag Bay pe glileed irdhe be

pr epar ed f I n. ous m xture
Gnder andiiceh &' Bpfefbhentot Bl de B8R, BFGROH-RR kb Ak ARIER" Ty

separ at | mgd@cmbndoﬁtammngt ﬁeedmvkeme&amyst une hiydropéoge aeixédsr ccampbiyaire

mat er i rst salt that may be utilized to forma thionetallate

hydr ocr a@lﬁ PhAY CctQtSQpﬁ@n%Pl@Fﬁuéq ofi & MRS 2o - X MFroriney bopisBHehby é%ﬁ‘ﬁglam ng a

met aljgin fﬁ@&éal@%ﬂd E%c%n&’éélgﬁatdn%ué&%trﬁlx&ﬁéﬁh&e?taﬁ&o{eef)lSlQ%ﬁ&Iﬁo&ra‘?‘dp consi sti ng
of Cu, Fe, Ag, r, Sm Eu, Yb, Lu, Dy,

Pb, and %npaddﬂ:ﬁreeoﬂfhﬁn met@to tf0°Chandcepaatinga sdipionanhe aquedinemixwisto met al - of
the material of the thionmetallate catal yst. The cationic conponent of the
first salPfodyss eyt maisishtially of a netal selected fromthe gr oup

consi sti ng of '[Qé,ﬁr%:}%%]bﬁiaﬁ_ﬁg&’be%hz&gtof%na%lﬂo %821?*1{)/&!‘&@0 ?csg%lil P,

Yb, Lu, Dy, cationi c conponent I'rs rrust be
capabl e mrﬂatdfrmmahgiemtchtlcbrhecanpmwnmccmmmngammemi irt iy w@eendosidationt mté or m

the naterial t hi onet al | at e. cat al t he 0 ure

t erpdsat GFE°I6E Tpioe ERUPEGT NI Chidor caNinGro - ST SsRU: La. C&. Ba ™ st
sal t al s&ucqnf §ipNEy Ay 8, A Sb, GO R HhetAST @éti%ﬁlc‘@ohﬁ')oh&ﬁ iEMeIREY C
conponent of the fi rs¥ salt to formthe first salt. Thé ani oni c conponent

of the finetal of it m2Brialyofisee dednacsalénge Eatdpsta Thie detiomaganpdncobelithefirongdt t o t he

Component anattRe sl 8 &b a8R S FOrHBC BB b MR ERTA Rechh MG 1 o

di sper si g M, Bh gt enably, BoSue Y, lut D¢, PEUe®8Ss. NMThetddtiénit Romposdht t he
first salt and the second salt are mxed, and so | ong as the anionic

conpahentof gie fimesajtimust be gapablgsd Honding p\ﬂ@l\ﬁbﬁﬂmphlé cepwppnemof B¢ seeondrpalt

cati oni Ca(? ?JFRP@? H‘Fate?{al E)pt%eftﬁl{)f%{etaﬁgée ca }yspm tpg at?t%o?@hﬁ)ﬂ'.l a?g[&ﬁ‘gﬂe?gthreogf the

second s aqueous m Xture orm eria

t hi onet alffoaﬁesqcaﬁoaﬂsxowunzrétemaabmeic@n@aﬁmnent of the first salt may be
selected fromthe group consisting of sulfate, chloride, brom de, iodide,
acetate, acet yihadssioaknlso conaingae anighicregmwoneessostated wiitheiortienies t her eof .

component of the first salt to form the first salt. The anionic component of the first salt

25  may be selected from a wide range of counterions to the cationic component of the first salt
so long as the combined cationic component and the anionic component of the first salt
form a salt that is dispersible, and preferably soluble, in the aqueous mixture in which the
first salt and the second salt are mixed, and so long as the anionic component of the first
salt does not prevent the combination of the cationic component of the first salt with the

30  anionic component of the second salt in the aqueous mixture to form the material of the
thiometallate catalyst. The anionic component of the first salt may be selected from the
group consisting of sulfate, chloride, bromide, iodide, acetate, acetylacetonate, oxalate,

citrate, tartrate, and mixtures thereof.
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WO 2012/ 078837PCT/ US2011/ 063881 Certain conmpounds are preferred for
use as the first salt to formthe thionetallate catalyst material. In
particul awp 20t 78837st salt is preferably sel ected from Ph@/use@u63s8nsi sti ng
of CuSO4, copper acet ate, copper acetyl acet onate, FeSO4, Fe2(SO4)3, iron
acet at e, irontcgce | acet onat e,

cetate,. nickel.
ool oeet ot BipouRanT prad for ie waa i stbiyoln SiShismstalsiios o

ZnSM4,  z 'c%l;%ﬁ%fat%hﬁl 1A 'pﬁﬁlcﬁpa%tt}ié ﬁﬁ@%ﬁf‘@tp%efefabist‘éIecﬁﬁ%o’i‘ﬁ fhe g%bﬂl;)/ er
acetyl acetonate, SnSO4, SnCl4, tin acetate, tin acetyl acetonate, MSO4,

manganes gonsigingto Cun"sﬁhg@wsleacam y@ma@ﬁﬁﬂa@tomﬁs rﬁﬁﬂ@aE@(%@és, itonsnut h

Commr o AT e Fapy et Ry SRR U Pl Bkl isPofLf, ORTaRhal o

mat er fal ac@seofhan dcdtPlav@bhat& FNE@,, PRSDQdSnc eﬂe@fﬁ*&ﬁ‘ zfﬂcfaﬁétyﬁl@étbnz[f@)/sﬂb@r
contai ned in an aqueous solution or an agqueous m xture, where the aqueous

sol uti on agptatggribsuiacehilaaetnnatee Shd Qi rinkdy. tih acatatestin aysgmlac‘@w@a@l MabPer the
"first a%%g%esé %e"f%tle %a&r%H?sﬁélQ&gfycé&gﬁatX“bﬁ.&rﬁﬂ aé‘e%i@oqi ét{yf&@et {1] &é‘

agqueous mXxture con second sal erei naf second "aqueous

sol uti on'apd hodhes therdvd. Mat@rmakrigb ateh@npaiy e@mﬁﬂrcﬁﬁl}adv)aﬁhble Jdrendyivest sal t
may be dispersible, and nopst preferably soluble, in 15the first aqueous
sol ut i on PRTeASTeR §ﬁ@FI§3FCB1ﬂéY aV&Hﬂblﬁ M@fWWOM&QIW11 kppwhmedhgteous i xture
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than 50 vol . % wat er |'east 75 vol.% water, or at |east 90 vol.
wat er, omwhate theagtedds solotiovomafueoys mix@rerayntamntgaha finmsat (hesainditev dle. % but

| ess than 50 vol . % or i % or at st 10 vol.% or at nost 5
vol . % of GFtA9URH: &01%‘?“\/ H‘tayi’Sﬁ‘%lé? WHB afl%?ﬁofs P%‘m%‘“b%fr%]oarﬂé‘e%%%’&% 20f rom

the gr OUQoﬁt@ﬁﬁﬂg'Stthla "s‘ébo‘ﬁfi s (}ﬁzk&ﬁ%ﬁfé& the stdﬂhaqéébu@'sQl%BMﬂj‘?,to forkeh®ficerAl
am ne, an am de, furan, an et acetonitrile, m xtures thereof. The

organi c %tmcfegc@smlwsti ﬁflmﬁéstfsahmaYMﬁmm@o,l ammrmst picferabply sokhtsuind be

sel ected at the anl vent do

on e BEEb] Bl bR E PR SRS M Bl SRS o s g s
ani oni c Q)‘t)Wmd@%cdﬂdl&aﬁ@CDlﬁEjﬁl%ﬁithueUMIﬁtﬁfn%zﬁgc@lfmﬁm&@ﬂﬁn FOXbU%Ee

containing the first and 25second salts formng |i %ands or

react i ng WAiterhon #ideapt Fxyoldp waas ot éeéﬁtt%) il ‘79 W@reir, qr @k fsagtd (awa@ma@dor
ani oni ¢ %?aﬁgp%ﬂ&'ﬂﬁ ﬁloreTﬂﬂﬁ bivbP& ‘Hﬁ%}? 'dé@ by QP%?&%% & BPat%Q&gb
a I a wat er,

sol vent, nay consi St “essén er, preferably delonize

and the fvol.%t osalhost Thel.cosfcandrpatic @dlvcm‘t cbﬂftamingrﬁ(bmsetb'ﬁ darbonbeelbdtedt
aquequs soI ution may be selected to 30pronote fornation of a thionetallate
cat aP9st frpam @%elgé‘l’uf’rwlsﬁﬁn%()fp%‘r% Fdhob 3541%1@ apypldehydsyt KGANG AR RN AR PMIGFean

and/ or medg{,ag, zﬁfiéthélcbé%:t(ﬁh ‘é{?&hﬁxﬁﬁ% &t ‘?‘hﬁ%r ¥Es Jn?‘bﬁ:tsén\f% bﬁe'fﬂEtge

surface area- upon m XI ng t Irst salt and t con I n an aqueous
m Xt ure. aﬂ[mequs oolotien.tihaf siravéd boselatfedesochitahy sigangtcempatindsaw ithegorganic
relativel e surface area d havi article.size distribution with
Cr ol at oug ol ThBh Raniaroe e ot Bl oSt i Wt abtohic

2012/ 078%6&6%&5?@&%&%%&1 ub&ﬁfd‘ﬂnﬁrﬁgt at%ﬁ@&%&%r@%bﬁ&n@ythéﬁ%%@ at nost

3 noles per liter, or at nost nol es per liter, or at nost 1 nole per
liteR> omcepndmplet e@. dyformeisg @gand& ardy reasting withghe figst or sasped sghsror [hefrer of
the first_salt
respective cationic or anionic components. The first aqueous solution may contain no
organic solvent, and may consist essentially of water, preferably deionized water, and the
first salt.
The concentration of the first salt in the first aqueous solution may be selected to
30  promote formation of a thiometallate catalyst material having a particle size distribution
with a small mean and/or median particle size—where the particles have a relatively large
surface area—upon mixing the first salt and the second salt in an aqueous mixture. To
promote the formation of a catalyst material having a relatively large surface area and

having a particle size distribution with a relatively small mean and/or median particle size,
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The second salt utilized to forma thionetallate catalyst material may

i nclude an 5 anionic conponent that is a tetrathionetallate of nol ybdenum

t ungst en,woi2n120078&nt i nony. I n particular, the second salPCTM®p01¢06388i N an
ani oni ¢ conponent that is selected fromthe group consisting of MbS42- ,
Wb42- SW§§4- ShS43-, and m xtures thereof. Thgfsecond sal.t q}so cont ai ns
a cati onite WishBigewt SORUIOTINLY i phmPste Hnted RFTiEo ApHHBAY 20ROlEhE second
salt to figmideniesaife s@lifter, JNA Bk DBh6les PEMAREBE atGhost 02 ABles p&aner sal t
may be sel ected from an ammoni um counterion, an alkali netal counterion,
and/ or arfdiekakisal. earth netal counterion to the tetrathionetallate anionic
conponent of e secqnd sal.t so_long.as the caonbj ned cat.ionic onent and
Che ant oni o cdmperant ot et Rl ulipd flp ARl SRR AL BefiEBR cabi o
and psef anmilgcononbhihatiifla @fradGdiaaEBatd LK mely®deiurh @ndsidns tin Sahiti@ee. t he
second salt, and so long as the cationic conponent of the second salt

15does ndk ppitigyientihe eeorbiabi Mt ¢uRiBAN ARENCLOMPRNEN ditipoiedasteddfora fiee fi r st
salt wi t%%d}f@&'m?{%ﬁ %?%P‘égﬁétﬁ ;%{ns%‘ges%%%ﬂﬂ?ﬁgﬁ&es'tﬂer%&? agueous m x{ure

to form I onme y teridl. catironi ¢ conmponent of the

second salt nahecespissle alBoeohingacatiGod tenporensassotiaed &ithrthemiienipot assi um
ions, or one or npre anmoniumjons, Certain conpounds are preferred for use

as the s&EmRANAAPE thiseepndsak & fara hesaspadetla) Ther@uenic sPyepnGAPEREAl . |

partijgul .81 ng of
ST S BT U R R R G g Sy
( NH4) 3Sb S4d/oNa3 8k Sdne aantl ngtdrcatieeridh ar ofietrathiometallite asmoanwng@inentrdyhdbe a

commercially avail abl e tetrathi onpbl.ybdate or tetrathi otungstate salt. For
exanpl o, S9M0SAIE 5 BPPEEp e RaMERCLCHIBRE GRDSNGL AR i A HBI B RABEN Y B, | o

comer ci akdoraRuRidaPl auf ham Aoy HAERHRBERLURIR, i APaquiadimiut 16 Pl -,

Broonfield, Colorado, USA , or ammonium fetrathiotungstate, which is
commer ci &hd §rstvedli dndishesccpadhsad, gidisolodg iag Hie c80G0¢ Spnpeenset the Stcondl gt s,

M ssouri,, USA 63103. Al ternative t he.second sal b roduced froma
comarc Py e caFPRahY f brery RS RErghepCera e F LR IS Sl ¢ "o
exanpl e, ahiRic@ePodenalftheR¥omEsaRif duCRBeSIsamxaTBRN oM theth @dh&hiea®! ybdat e
or fromamoni umtetrathiotungstate. The second salt may be fornmed fromthe

cormmer ci &Palysavaicriabl eHonr armperanaphihgrecoar |salf e1ay gPRPrips ORX@HBNGI ng t he
cation! ¢ BTRNLHIE BHPONADE é)%ftatslgliﬁﬁl BRI B e @ﬁﬁln%ﬁé't wth a
all or al Kallne ear

desired a cat1 éni ¢ conponen roma separate salt.

The WO 2012/ @eB@h/daipou@Odrd hRHSB&RIfoe xehanie seabnd ket wsatl it®furm conponents to
formthe desired second salt may be effected by m xing the comrercially
avai P8bl dhigaetallgigsatahst %‘éFePabolﬁtP&WﬁuF?@ thpsecqad palbpray A€ pepsied ErBWﬁBﬁent in an

acond sa T R S PR ol Y aTEoheduighwarm ng the
NasSnS4, (NH4)4SnS4, (NH4)3SbS4, NasSbS, and hydrates thereof.
The second salt may be a commercially available tetrathiomolybdate or
tetrathiotungstate salt. For example, the second salt may be ammonium
25  tetrathiomolybdate, which is commercially available from AAA Molybdenum Products,
Inc. 7233 W. 116 P1., Broomfield, Colorado, USA 80020, or ammonium
tetrathiotungstate, which is commercially available from Sigma-Aldrich, 3050 Spruce St.,
St. Louis, Missouri, USA 63103.
Alternatively, the second salt may be produced from a commercially available
30 tetrathiomolybdate or tetrathiotungstate salt. For example, the second salt may be
produced from ammonium tetrathiomolybdate or from ammonium tetrathiotungstate. The
second salt may be formed from the commercially available ammonium tetrathiometallate
salts by exchanging the cationic ammonium component of the commercially available salt

with a desired alkali or alkaline earth cationic component from a separate salt. The
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50r anmmoniumtetrathiotungstate in an aqueous sol ution, preferably water,
and to disperse an alkali netal or alkaline earth netal cationic conponent
donor salwQ 2pr2af7es3abl y a carbonate, in the agueous sol uPcons2ethesisst he
cationic conmponent donor salt is provided in an anount relative to the

ammoni um t et r at hj onol ybdate or amoni um tetr.at hi otungstate salt t rovi de
Aol oiessiangs f 16 Catiiie coRnea 18 feth b ChiiBumeoa YR Sy e dteciet Saimoni urm
10 of th%ni@fﬁ%‘%ﬁ'é éﬁﬁlﬁl@fciai‘ltymvgimlé/ biaing (¢ smmiﬁ{ﬁg HRtdeat-dd ofidpgst ate sal t.

The aqueous sol ution may"be heated to a tenperature of at least 50C, or at
| east 65Component IVACAueoes/swlwwngmiemi defdesirdtsaeordmatini um cont ai ni ng sal t

and car bon di oxide fr t he carbonate containing salt a ses, d to form
the second salt Mgl oL forimiie e SRR TR opRtss gl wp I BMP B RHeas ¢ he
second s ak hmByonfins kit ik & dyaqiaid Pt nlPrefdNikty IMBPAarand dNpeseB i n

water at a tenperature of 70C-80C for a tinme period sufficient to permt
evol ut i onnatkal matgirfikaline cyonatal casoaicegoaopery dosensdti piefejadyp, of anmoni a
and carb [, Qxi. f h LUt 1.on, . typi 3 1 s to 4
our . adaroru HiERRER oR Ml fnfR o i bRloE R bbbl Sl 6

t et r at hi aataanat @lasiat to the ani®yhibe t@raoidvmet bdyte 20 dingsoinm rgraliabngsti 6 and
Na2S in a 1:4 nolar ratio in bhoiling deionized water (100 g of Na2Sn(OH) 6
per 700 it ¥ Prgyide S%‘%J“Q‘@Bméubﬁqlﬂl& R RICALRY AROUBE Ol ik @R OSFNMPIUNGY t he
mxtyne  uRQphRGuAErdnBntRtidie ddglindhibihnal hi?%aaee%gﬂ M gRobe
mxture at a 2:5 w. ratio relative to the Na2Sn 6 and cont1 hui ng

sti ffing sbledommalybedeated 80a koErdftor ofnt RadiSOPOm@mlat Rag d36dnp,to ¢0eid 1vg and
collecting precipitated inpurities framthe m xture, then 25concentrating
the renmicNPlyg aBHIRE Bample spmgpivpprongginipe sphargcarhen dighikehianhted sol uti on

to stand., e obagtd 48 ot De.NadanSAhIAL CELA| FZES LR KIS

concentrated solution.” An niumtetrathiostannate salt may be %Sr4oduced
by m xi ngalsnag beiprdpatddHid) 28 asnhaseto sabd by matingocammericalliychvaibabbni a under an
i nert gas E‘g.g%éni trogen), filtering, and recoveri gg the solid qngI—I)4SnS4 as
a resdpduéNtHabiloss d8¢ B QuintWaHehAt BCBRATR M U h-8hC gL B PsBPdit i on (t he

second aqueRis: ALk QRol Aon a0k Sln AN oIS EelBR, SBARACEGES SOl ution

containing t ond salt may b& m xe I’rst aqueous sol ution
cont ai ni ngmdma ind strbaadivxida gases gueta solutixt, uy@cilty fran®Otrhiautek todbboas] at e
catal yst. Jhe econd salt is preferably dispersible, and nost WO

2012/ 078639 BeeAllYEdeU1y 184881 preferably soluble, in the second aqueous

sol ution and isgdissRANSAR S s Eértl%ﬁ%s%ﬂnﬁtess‘aitﬁ?hﬁy bE'ﬁrcﬁiﬁcé’cﬂb‘FQUS m xture
containing the first and second salts. The second aqueous sol ution may

cont 80n mimselvirgaNa.50(Qtd)s a9 Wabein a b naelat ratis in F&ling Heivhined water 6k00g off east

90 vol . % er., ..or | e 5 val.,.% water . an ontain. nmore than O
vol -5 but Fea O b 0 03wl YR 2 g v e 0B ofPRE TilBE B Vol % or
at most  5ni¥Rlre %’%tl(ﬁiqCCfBlg@-B'lﬁ)uﬁsQ!id’(ﬁH% fieQpipaivelind o0t thd Rixueat Rors and
selected fromthe group consisting of an al cohol, a diol, an al dehyde, a

ket one, awt. and melatiarntodng Ne,SnaOHW ad, coatiniehh etirring chet mixtdre iat €0-100°E for gb ur es
t hereof. The orgg?bc sol vent eient in the sgcond.%gtfeou%ﬁsol ution, if
any, shodfieiligetlsef BRYEFOHNE A CYlReling SHPLAEd HPRRTHIFS 1o hR&ISHERARE

sol vent Q@néhé%aﬁﬁﬁ‘ﬂh;@'réméian%%@fu'ti@H fb?ISr(])éd@)evo@%,'aﬁB{VﬁlgctﬁérP&%HttratQ(fl sdfior dof St

salt with the anionic conpbnent o

stand, then collecting the NasSnSy that crystallizes from the concentrated solution. An
ammonium tetrathiostannate salt may be produced by mixing SnS, with (NH4),S in a 1:2
mole ratio in liquid ammonia under an inert gas (e.g. nitrogen), filtering, and recovering the
solid (NH)4SnS, as a residue.

30 The second salt may be contained in an aqueous solution (the second aqueous
solution, as noted above), where the second aqueous solution containing the second salt
may be mixed with the first aqueous solution containing the first salt in an aqueous mixture

to form the thiometallate catalyst. The second salt is preferably dispersible, and most
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second salt upon form ng an aqueous m xture containing the first and second
salts, e.g., by formng ligands or by reacting with the first or second

sal ts or wbepr2/a7esspecti ve cationi c or anioni c conmponent CT/Ise013063380
aqueous solution may contain no organic solvent. The second aqueous

sol ution onsi essential ly of ter, ef erabl y deionize and the
5second PP Solble. 5 3 Ses R onugr e R SEUERE lednt ARIGRRY second
aqueous sehYfel AMRYeOR MRhEE botlaiithoRhO AR &nd QcORE LAR. The dedoRbAgRiAL! at e
catal yst having a particle size distribution with a small nean and/ or
medi an pasluiioh magicgatagndotedhimy) eolr% Ivetdrye af 1daat teva Wb rates, eragieapell

particle upgn m xing th ir salt and the second salt i n ueous
ot ure. by BieBRIsehed Bt s o8l ab £ SREPIRI AR vk RERLT o
havi ng a 5paiol.iic beatshag 28ivel. v, brid Best WO tvB1. @, behtahdy 8yl & dn d¥eaic and/ or
medi an particle size, the second aqueous solution nmay contain at nost 0.8

mol es penolveitegontagring froppkto Pcasbens|aad splegted froay the grougtcopyisingniAnnp| es per
liter, or 0 I i . qr S |ter of
the' secorlsSbof Falotruy B Ee, Ao Abhmicl b BSL nllar aTBUER REbRIERT O
second sahll mixtuespeatofy dhy,or@midyvdne preserdh the sacondgigeens soiuibnlri€anyy form
the thionmetall ate catal%st. The anmpbunt of the first salt relative to the
amount ofhQWd bg selesied sxihat the SigaaKLAPOURS Bdlediganigisvantclony) iebise| ect ed

so thgt tr&ﬁfi@% ?mthﬁ chdddi@cQhpdliaic Gethé ARl al?@ﬁﬁ%ﬁﬁ(gﬂgg%péﬁe& first salt

to the neta e ani oni ¢ conponent of the secon is at least 1:2,
or at | eastond:s3lt upon frminzast aqhedys mmdiratontmiatngabe first end sctcombsdlts1bg.lby or at

nost 10: Jf SOTizle ueous m'.xtur.ﬁ copt ai ni n d;h first salt. and .the second
Salt may TRURR NEMIE ST PAGTATIRG PN R BrGet oM RS PBUBH BRIV HEOREEF oni o
conponentyRhidddengonbmts. $8¢ tecWhd AqleBls &M rﬁa_\};@éﬁ%ﬁﬁ%tor%{nict Mveaecopd sal t
to formthe catal'yst material. The aqueous mXxture may be m xed by any

convent i oecondrgagnsis Solutian magconystanscatjdboefswatel, prafeablyrdemizgduandube
di SpﬁéSi on, for texarrpl e by nmechanical stiffing. WO
2012 78§%‘3f’19&'?? S2011/ 063881 During m xi ng of the aqueous m xture of

the first and Theconctngatiébof thecoROPAL AlHE Secohd hfiRoBNRMS Mhx belkdedi®Y be
mai ntained in the range of from15C to 150C, or from 60C to 125C, or from

65C t o 100Uronghe fPreEor af 3 Bveractalbag erfalyst hevingebasicle pide dIibution Adthohi um

the tenp i [ i to evol ve
5 armon S04 HAp RO el FIAARH i BB MRRE BErrdeR afidber 0ol

m Xt ur e gurtichguptinxhirghgniy fibse sataamt e sednakalt 85 dguasuskDBE@rsoTH padmdbtbe

m Xi ng maﬁ/ be conducted w thout the application of. Fos_i tive_ pressure
nece<8ar Y& Ornate,efa hipeneiiass cata]y s meatelin 8aYI8E AiPREtGHES 175 YR IBBUINIVHE 2st eam

eces : . . , ‘
If the 8%13@%@ &hhn hﬁ:ﬁaﬁcﬁ&fﬁ%&%@ﬁ%ﬁi@{&ﬁz‘%, thtefaec&naraaﬁ&ﬂ&l—gs@ueﬁ n{gg%oﬁﬁﬁleous

m xture may be nal ntal ned at ess to 1nhibr't the degradation of the
10second asmilost . hwldsiper Uies,ulrfat thest 0.6 moles pEh&tefr,i arsit maxsicD.4 ecdesdbes &itersori n t he

aqueous m xture_ nmay be m xed under ressure of fromO0.101 MPa to 10 MPa
(101 bart G assper Fieh ol BOSean BBUEaRATEa6l weiofiahqucous. mi xture
may mxed at athesRhaH ol 88BHUbR cIMMBUE khe firkt dduRebindl AAbs, irSspetd ey ed at a
tenperature greater than 100C the m xin be conduct ed under positive

at <! : may
pr es8ar e may beshixkil bi an adueofommdnticdo faym tglti dupmetallate ca@lyst. ngherdnxoung of thiae
aqueous m xture of the first a second_salts be mai nt ai ned under
anaer obi drtortifsRbie Sdehdn AP fhs SFRETaR B Lot B B PHARE B R
condi t i oRglectdd k& thabingiaf@nic Rftiddbf the tRADnAXdohAIOnSk B tal dTahé Risor@t @lthat e
catal yst material or the anionic conponent of the second salt so that the
t hi onet aleitleof dhp aigue corppeienhet the sreqBG dalbip af jeast 1:2, or at least 2:3, or at least

1:1, and at most 20:1, or at most 15:1, or at most 10:1.

30 The aqueous mixture containing the first salt and the second salt may be mixed to
facilitate interaction and reaction of the cationic component of the first salt with the anionic
component of the second salt to form the catalyst material. The aqueous mixture may be
mixed by any conventional means for agitating an aqueous solution or an aqueous

dispersion, for example by mechanical stirring.

32



20process contains little, if any oxygen. The aqueous m xture of the first
and second salts nmay be maintai ned under anaerobic conditions during m xing
by conducwOrgi12d1es3mi xi ng i n an at nosphere contai ni ng | i PCTAISer11/06388Kygen,
preferably an inert atnosphere. The m xing of the first and second salts in

t he aqueous m xture may he conducted under, nitrogen s, . argon gas, and/or
Steam'to mai niSHREARIBEGHLES BHRET PORUCAL Myt ety AR FARRRIYaS, 25
preferab'o}(tﬂyéqh&gﬁ’?n&ﬁﬁe H{aiy%‘?ﬁa{ﬁtaﬁ@é{ iPfhe 'd?'ﬁ%ﬂ?!lé"d | 18B8EDrif t he
aqueous m xture during mxfng to maintaln amaerobic conditions and to
facilitate@ixi2yCobr frivd d5PC3d 10070, swherm thesatidisic comphrenadide yscont xilutse and

di spl acenent of ammonia gas if the second salt contains an ammoni um cati on.
The fi r stanupenigachaerparayreripulddemaiaigined in pgangg feoued f wtldPeC i evplve

tenpecature of 30 fr 15C to 150 [..anaerohi ondi tions. for. peri od
of T e S B HIRU P R RE N AR BB ofs RRBR e Rl Yo
mat eri al .miki@ rhiy 5 manchiRQACONEs HRhtIHOT@Yo Bt HexSfingMni R @HdEaHE withghur e
for a period of 'at |least 1 hour, or at |east 2 hours, or at |east 3 hours,

or at | edksaapplinginnsof pesitife prassurgoeqessapy tonhibifrtke water fiy hgragudoys nextues 9

hours, or. from 3.hours t WD 2012/ 07883/PCT/ US20.11/ 063881 heurs, or from
2 hour s o BT RO e B e sl OpE R FlsRa R e R s e Te s D, 1 oo
and/ or segeRfhs sakiutSha By nhetadeest 100°¢ BE1easHEaNDItThXEdbrR1a0¥E bf thePer i 0d of
from30 mnutes to 4 hours while m xing the aqueous m xture, and, after the

ent i A8t y sefonliselt fritp §n dasutfideecond sal ts have been nmixed into the aqueous

m xture, the fﬂlu 0 sngi Xt ure Y Qe m xed 5ftor at bIeast an arddi {i ornalf 1
hour, or 2 hour's, T8RN SHOQH S35y M ANGHHLIERUS TPk tae Rty TPigred SpdgTpaesstreo

t hi onet alfioat €.10aMIPaBt10MEPE(1.@ bar to 100 baf)! Fhe EigsTRh@tdcoOd Baliinhedfquehie
aqueous m xture of the first and second salts, a solid may be separated
from t he NAFWEOUEY XL AtMesPhEBe DS h hopey gni kg Maties BLLlgrdat frat eri al .
The sol i be s e equs. m,xt ure ny. convent.i onal
Tomeans. 19Pulf SFRALALE Tt KoM RIS ARl oy pATAIRNEE ot or i
For exanphigbit tHeefofRAtich oTRkale Separated by allowing the solid to settle
fromthe resulting m xture, preferably for a period of from1 hour to 16
hours, and sepdfERimiginghteagreqsinigme pethaiikitané seppnd sdtsuniobe Gaandinest i onal
filtrati ty T r f . id.. ter
may b addes 1aipRE hhbAg Uithaile BRANERS ERREINIR phBGE BihdliollS, 7]
Vat er mayduiibg hexiad detdbitothe beidagprecfihe thicretaBate Datal ysoheEalr@ltiad anienit o t he
vol une of the aqueous mxture of fromO0.1:1 to 0.75:1. Alternatively, but

| ess prefcemapngAt of the ssendgaligg thak thedpiometadigtercagyy st ReisHak pipducgsypy the

cent hhfu j kL hotit . T ' gt - .. t hout

t he ggdi ?%dr? 0 Ommgélﬁkgﬁle*rlﬁé@%ﬂgﬁggg%‘ﬁ%@“@h’g@rﬁaﬁt e k%od?ﬁég %HS%Y‘{)EG ure by
spray drymaypetthanminetdmndert amagnobauoeditioes dairgd sding ROddneluttim gothre hakingtie

catal yst materi ﬁl may be V\ﬁshed sub}sﬁ%&uen tqQ separation from.the. aqueous
m xt ure, HFAIHRVIFEEOIRHENS H5oaPRGx it ePical oY At TCAIMRFRICES: nHlif RN

cont am ngk e vt hdeOd ATPINhS aqiabRs Rkt th8FBe édhANCEOd Bnd¥r- Htrofdn gRE

ani oni ¢ conponent fromthe first salt and/or the cationic conponent from

t he seconrRzovedas, antiis seant tn araieteimt aantrabisteonditipnpéuringrtbe vuxifg.orntingst gaspar at ed

mat er,Lal of. t catal yst by washing the. 25separate erial with water.
Substant pgirel B AEARE P i oD Dl tBnoPRTRANA o EbE A Bou bt ot
mat eri al ¢ating tiking 1 MAmah athegadiatyiititiomtaat k@ facilBatk AERINGIf ehe firsivaider , and
the yield of catalyst material will not be S|O$n|f|cantly affected by the

wash. secongtsalty igdhe aquegus Mivdvrsaal displacement|of smmpniegdsdf theascandesalte or no
acidity 3 nﬂﬁ%%ﬁ%@&g}iﬁ}{c mpni a chem sorption. Typically, the
thionetalTate catalyst nmaterial will have an acidity

The first and second salts may be mixed in the aqueous mixture at a temperature of

30  from 15°C to 150°C under anaerobic conditions for a period of time sufficient to permit the
formation of the thiometallate catalyst material. The first and second salts may be mixed in
the aqueous mixture for a period of at least 1 hour, or at least 2 hours, or at least 3 hours, or

at least 4 hours, or from 1 hour to 10 hours, or from 2 hours to 9 hours, or from 3 hours to 8
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30 as neasured by amoni a chem sorption of fromO to 100 unol amoni a per
gram of catalyst. WD 2012/078837PCT/US2011/063881 M xi ng the

hydr ocar bwo-20t7883mi ng f eedst ock, catal yst, hydrogen, amdThisdeiogessssul fide
to hydrocrack feedstock In the process of the present invention, at

| east one non-aci dic netal_-containing catal referably a_lew s basic
t i omret APHBeORZ I SH e TdBSEy PYen d5d0e A ST T BOHESi i ng
feedStOCiﬁnd/{aygéc@H@Ehlt(@ﬁﬁa DL RYE R ilabih&lfis RiRrund éf\f‘e@ap@ﬁ@&@f abhy3cbl ended, at

a tenperature of from375C to 500C and a pressure of 6.9 MPa to 27.5MPa to
hydr ocr askintitae tovy biowrs auhido misingttiad aruagus mixdse ouil, affdrehdgrdirety axf Berfirsomdai ni ng
feedst ock, the non-acidic.netal-containing. catalyst, hydrogen nd . hydr ogen
sul 11 de. nesea A Bt GuRifle i MiRbRLARySR. RelRleou Tk A D BE R &7 hed
at a sengeratdiseartidditidn L8o@7 62 heurb G ek ¢ PSS Wi 8 hotirsGo YodfPet 0 27. 5
MPa. A vapor that conprises hydrocarbons that are a gas at the tenperature
and pr esdhipaeigllagicatalysemaiekidhg zone and a hydrocar bon- cont ai ni ng f eed

resi duum conpry.si / 11 qui . rature and
bressura w ¢ hi'ie A HEdha SREBRDE d e Al lb A i \EEREAI, R

non- aci diselidrefagilbe sgnira@edirog thahqlepat mitthe thyesducarzahioarniliatedangyst eedst ock,
hydr ogen, and 15 hydrogen sul fide at a tenperature of from 375C to 500C and
a pressurdtgiialg The ppid May besepaied frea tedpieonssmdug by $8Y coRvepHanalj r st
hydr ggar bonm e RRtalmdi £l £ IR afliofiRe pHAXCRRERRP Gt SRR Al MBI
product con{alrfagegﬁ%yg%océ)?bgﬁsset at are iaq igi%t STP.” The \5aporﬁirr’ay al so
conpri se shiydimagdn sefaydedbe allsuing itlkesolidnal s¢isiel frooathb oassltinigabixane, pgesmblys at

STP. 20l n_an enbodi_nment  of t rocess of the inv ion, as. shown in Fig.

Tt he i3 e IgRe o ool BUPeSRt wpessting A SO HO TR A BREY of 't he
reactor 3,8Rin Beuaitdtonhl Gigkatioh ARbyERtiTubfifont Erm@hatdrBcARE HNBSSMHUIE I n the
m xi ng zone 1 at 375C to 500C and 6.9 MPa to 27.5 MPa, respectively. The
hydr ocar byateraont ke asidad tdf e dguassk niairdpriqyto vilofedg damsaliduo settlg. Yrater may
intermttently froma feed.supply 2 to t 1 Xin one in the reactor 3
25 ¢ P oudh PO uheRRINRDaY Bl sk Pl R R dut SR RE
preheat edf FONA0.1 arp@rast Ur alefnakik el &Q@&SEM&% , D¢ salilaay ibageRirabE on?,

whi ch nay be a heat exchanger, prior to being fed to the m xi ng zone 1.

The hydr deamboweQoIPeRIrtTgGon setoubidit sHyvipe tsrsel desrtionder wilkquagiezone 1
reactor S0opop b TESBGME G B GeT A0 G AR BRI e

vol urme i snideiié¢ nagdotheeehdicasyithe conbi ned vol ume of the netal -containing
catal yst, the _hydrocarbon-depl eted feed resi duum (as defined herein), and

t he RYdr ocar bdhediiRmsIaNplFIRbEHEREER] MAY D& apied sHESCABER (Q SRR Tiore

hydr ocar < - ag] I{% ! I o the m xture
vol une (?@?ﬁ%%ﬁggﬁ% ggg%%%%ﬁ ELJJ%% 011?(8%%%%13%%@% Eagalé%’[ aﬂr{%gg%éf t he process

bef or e a chytdmocedoorth depdretedinse ggicady lads thraniEs whée of frecdiomedcanmpanket m xi ng

one 1), .and ere the rocar hon-cont ai pi nq, f eedst ock eri odi cal |
o e el R B P R e PR Do ptng, SEEGRq it Ttk BReso L 2, b
process uhiaRnathy BrdARIVAE eidni Mk %éﬁ&réﬁ&@ﬁiat@ﬁpéftthe Batﬁlfystflfye@i_%éling the

hydr ocar bon-contai ning feedstock into the 5 m xing zone'1
hydr d2ar beprratehtraiatiahyith eedrit Sokstariial belupes of weaigr maytbhased toiwvaghzlame 1 of

t he reactor £ rate of greater th 30 or. at.l eas 00, ar_ at . |east
500, or - arrrisladab el MR epyaRdsitl: Rl w58t odo: or
at | east HOABIdkg/chtalyRemarkBalohilt i bEisehifcanPhifeRedby thevadshe m Xi ng zone 1
up to 5000 kg/hr per nB of the m xture volunme within the m xing zone 1.
10The mi xt ur e Thgreswling thigmetallaee eatalysh gazesiabhas Igg opao agilisy pedetgriningd phe
rate of ammonia chemisorption. Typically, the thiometallate catalyst material will have an acidity
30  as measured by ammonia chemisorption of from 0 to 100 pmol ammonia per gram of

catalyst.
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addi tion of the hydrocarbon-containing feedstock into the m xing zone 1; 2)
the rate of renoval of the vapor fromthe reactor 3; and 3) the rate at

whi ch a bWweedi27sssam of t he hydrocarbon-depl et ed feed r esirdiseom /063881

met al - cont ai ni ng catal yst, and hydrocarbon-contai ning feedstock is

separate%ﬁfro and recycl ed t.o.tglg%ea tor 3, @s described in fulrlywer
15det ai | M8t/ TEOTARL/UF UG EIEHEeBTO T HE Hy Y BEE S B EIRTER ST e ddist ock,
the hydr ggarban+depketed feed residuum and the non-acidic metal-containing

catal yst nmay be faintained within the mxing zone within a selected range
of the react orn thel prpeeshof delpeasentrigvenyion s lgaat eneatonveei ihnmiekaé-containing

hyd bon- cont ai ni dst ¥ i t o the.mXi 1; and/
2yt b atangE B a0 LRESRASS e RUAY kRS0 SR AR, R o™t 020 the
m xi ng zoRerotarbdndbMaindlg feb@tdRTPRIraEdH, en@RErPE@SHUI®R b hitkdd, pRErAblyi Ng

zone 1 and the reactor 3 to provide a selected rate of vapor renoval from
t he m xi mdendodet 4 temeerathes af deapn 375°8: toTHWEC ond i predswo b MPa tany.SMPa

hyd _cont ai ni ng .f eedst ock and t he net al.- cont ai nj t al yst
e g Bk B A R R AR B to R, el R RRRBREPM ES s def i ne
an i ni ti geddiosk,Uh€n¥heioR. m@NkdnfieniagematysOhydrssémaad Redosanudidy gy

f eedstock and the 25anpbunt of the catalyst initrally provided to the m xing
zone 1 nmiy nhsedky eentecd Wit qack othdeinaghmixing refle mdirtained ayd rampsrasprefof §ions % t o

97% t feact or~vol.une ref.er f %t o 75% of the reactor

Vo ur.  Pas B AR iR R S GRS o idy ol PBek™T s of ovi ded
to the mhylif@abenethdt A0d/0a8 atthe tehdfetardle B ipEdisige Ni@BHhS iR dofie APV ed
fromand recycled to the mxing zone 1 and/or the rate at i ch vapor is

renoved fhyeipcthencenigingte Be@mspuympeompsisethadracerbens Aranpng lamed atitha ur e

vol une of d - G [.ni f 0 car - | et ed
feed res it%%uﬁe%uﬁ%n%ﬁﬁﬁégﬁ%t‘g@% gﬂﬁ:’ {}gﬁ%‘%ﬁé&g g%eaﬁ? Ijé{sht“’legt% 5 §¥€sg1\f} eq? nglg ﬁllgg l%Feast

10% or abnlae@sd me@aleomiinile dagdst, dORgdrodariedn-t@adhinD @8edsotk Wydrigen, 7% or
within 50% or from10%to 250% or from25%to 200% or from 50%to 150%
of tRe i Ayeiogen piliitepten wenparreEire af frag 177eC iy 8P Er Al pgsssteed @ MHdopr ocess.
WO 2012/ U 1/ 8 . d en i QY] to t 1. Xi ng
fone 1 of /N ol PO NP gt fropNERRRor: PRl 19508 ite e

hydr ocar bes-hgaricaibohrgnfagesisproakct coppriogaiydsithfbode thadme lighRl A@TPacihdi ¢
metal - containing catal yst. Hydrogen may be provided continuously or

i nt er i t VARRNYaY H5Q SRIMPpHISE; hygrogemdiveiregen spibide cdihyerogagbepy ighatk \2areoyeat i nl et
line 7, aqpp alternatively, may be 5nixed together with the

hydr ocar bon- cont ai ni ng feedstock, and optionally the nmetal - containing

cat akgst, and Ipanemdedinteat dfhthe processef zioni@vdntionr auglownlie Figddthemhiging5.

Hydr ogen nmay be prqvided tq the mnj xi ng.zone of the reactor 3 at a rate
suf fi ci eﬁpngﬁnwg’Fd@éﬁ%c@rﬁyWB%gL% 1tb°fnéé’ﬁél? IF3FIRThEMAY g% eQurollgf o hy dr ogen
may be pr.ovi 1. X Lot of o

hydr ocar g@a‘éﬁ%@ﬂ?@ﬁrﬁﬂ%&tﬁgéﬁg% 5%%[}%%%%63%131111%?0? ﬁ(la a‘r?nkif% %tgzsggeé t%@Ido?glo from1
N8B/ nB t MRHt01705 MY reBpdchivély STRB hydro8£b66)-c&iikiB)ng feedstdokm® tdnionided 0 8000
NnB/nB (11.2 SCFB to 44800 SCFB), or from3 NnB/nB to 4000 NnmB/ nB8 (16.8
SCFB to SON@Ho8eysy }nt%fﬁnlft?%hﬁcfjﬁ:o%llﬁéﬁ%s“%w&@ tH?r@/“ﬁﬁg (o g@,;cge f%‘“f*iéz SCFB) .

The psesspbEol feell ﬂﬂet@'.XTH%;%%%n%ﬁtaﬁ’rﬁn%?éeﬁ&t@&l@ﬁ%y B E/%h@ﬁt@@ﬁyﬁ e range of
from6.9 MPa to 27.5 MPa (I000-4000 psi) or from 1073 a to 17.2 MPa

(1500- 250 pathre aftfeore 100f€ toyIHNOG by alathayr ¢leabntpt, @dsalrmayrbg/a beatmai nt ai ned
in a pressure range of from3.4 MPa to 25, MPa. Hydrogen sulfide is
al so pr o¢FeiELto PR Ribeig fed iyth X 48NS bl ended, with the

hydr ocar bon- C%E%&f&&b%ﬁ-ﬁ@%&% fleBas%&grﬁﬁy b vi@éﬁ E&ﬁl@!’lﬁgﬁlﬁ%ﬁé logthel ced

resi duum and the " non-acidic netal-contalning catalyst in the mxing zone 1

of the reactod Ba rdhefthgtdredgamisgainfa meturayohmeinaskd gectocdnt frnmdifslty or

gas: Mhe bbb RobiR At RyS08 Mol e SREHRGL a8 ot gl °
]t eedst ockopmsk Gy hided chb@atn! dfﬁitzﬁ%d”t',gthé P& odarbbit-Beflo8d RedreGAIRP scont ai ni ng
eedstock through the feed inlet 5. Aternatively, the hydrogen sulfide may

Eedm xed dafindsl hfslyjdnbgeda theriy dpreathodergntadning Echiinéinig t]z@mé?i_ng tzmeohg*ﬁlerm@e ded
t t :
R s R R T R s SRR E

rou ogen su I ne
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It is believed that the hydrogen sulfide acts as a further catalyst in
cracki ng hydrocarbons in the hydrocarbon-containing feedstock in the

pr esence Wb 2h1dr7eg3en and t he non-aci di ¢ netal - cont ai ni ng@CtatSady®s38and

i nhibits coke formation and formation of refractory sul fur and nitrogen

conpounds under crackin opdi tions. e of suyfficient 3 drogen sul fide
i The. nyblBoRsRRPeres Parors ALY osuERE Bur R Fec e Thya P VSR HEED e

ef f ect ed j@iheaniXing Z0de 108 d WARREhAhYIRcAbofkoh@RRiy REdtRRIhayRPodRANRL | east
450C with little or no increase in coke formation and/or réfractory” sul fur

and/ or nicontoiate noorponnth the nstuicoyplnme 4itd. alert ivit@tiae R g peesesudurang at | ower

t enperat ures. si.nce hydrogen fide.inhihits.coke and refractor ul fur
and)or - niter oy BCehTRERED aftli b R s Al e R Rp Mg e dEhOmo e

2012/ §7833x e HokS2) I O6Bhridn QoA &Sning Feel R0t fidl BE ptdiedddab end Making he
hydr ocar bon- cont ai ni ng feedst ock may be 3[%rgow ded to the m xi n&hzone 1 for

cr acki ng zamil pheeyegsear Ju atrateif gepaich ghamj 308t ommaf deasicHidb ehatdenst a9Ghiondt pr oduct
b f f VAN d with
may be rgégﬁ%%éﬁdg?)ﬁog AMeds ?(C)]d %?gf@ﬁst%oo;d}% a9, &ﬁ'%ffl(%ﬁgt Hlfoﬁel{gg%e/r p'ﬁ%«f%%‘ﬁl% W t

t he use ITican uan I'es O rogen’s e ocracki ng
m xt ure Dsikneevélomervdtien dfe mieagtzons liup tb 560Pkguess mhertkasesus \@hirhé cant |y
relative to tenperature. The hydrogen sul fide provided to be m xed

with the Vﬁ%‘? %%%W@Bﬁtlai ning feedstock, hydrogen, and the non-acidic
met aljpcont ai nifg Gahal ¥ ?%%ﬁ%}@:gtlﬁfrﬂi‘ﬁ nk 1 @J@fé'&edq;yflﬁq}tlé Mfe §0

denonstrate a catalytic effe y increasing the rate of "the cracking
react i on.addlimonofigre hydracaboeasstattieg featl ®odf intchthe arigimkizoge 1:69cehéd wre ofthydr ogen

sulfide may b provi ded in an unt,.on a nole.ratio basis relative to
Py ogen THHOUY GE0er DD K FE P8 Sh B BOiETCoRIEe SeAd: fabiist ook and
cat al yst h%ro%&rbbﬁ@%ﬁleééd'f@éd%_ﬁfiuﬂﬂﬁh@@ﬁébrﬁélhfn‘tg%ta%ﬂ an@hyBbesbhy.dr ogen. The
hydr ogen Sul fide may be provided in an amount on a nole ratio basis

rel ati ve containmeg fegdhteniian sgpatiedigdnaind agcycled $o the, reactort®) ag desgribed inlferther 1. 0 :
5.0, ;or at. least 0: 4.0, or at ast . 3.0; 10.0,. or at . |least 2.0 : 5.0.
vsondSor hEHEREH-HE moise Pl sufeRadithornrutine sl e o o aory one
or nore hhiReRbahldepecddtad vstuas, HAIBE hbieacialbavgal-doamikiee tasteday be t he

m xing zone 1 in the reactor 3 or may be provided to the m xi nngone 1lin

t he reactHNBinEd within He AHEERFORE Wifhax 2jelested peaRfdbeEacier Velnmeyesent

i nventio = L] t ' X1 ng. 4 he m xi ng
one 1 orelris Hhetre LRy Rk L RO ek TR B

chemi sor phiking zohe &f andist2) HQOrafetarothicinambleedstebasois badofeddrorh hed cayaky st per
gram_of catal yst, or, at nost 200, or at nost 100, or at npst 50, or at npst
10, of athewstingzenens And{Rhdhng FCHSEHBERNE PETHS R SVIdAR %eﬁ%ﬁl%éoneﬂa“ﬁﬁi &t

cat al yst , : fén 96sA r cat al yst
per gr am’r%%ﬂggttgl%%vt@é %ﬁ%&%ﬂ%&e&fh{a@@ﬂ rrrlgt al - (r:}i(r)(%{lal ni %Xgﬁggé({nglq;gsn}tdhﬁ%y be

| ocat ed irenctdrd. rifheicogbiede olumaoizah bydbedrhai-ctyediningfealsprekfaed disl metak-he

non-aci di c_netal - cqnt ai.ni cat al yst may. be pr vi&gd to Fe m Xxi .zone 1
duri ng. ¢ RenBmBeeelTyy M pERIPuld g ool Rt PEaersofitfs s 5 be
bl ended whtfihNGixdane VORAID MY G0 AhRUAI ShyliRRArboRYShRAUER: fRBdoAY Hiagen
sulfide, and is not present in a catalyst bed. The non-acidic '
met al> contraiunt ¢ighe eatallysignitindly prseidsddo ittedixing zane Imay bigsekasing 1@ proyges der
With the irrﬁ B ﬂrgggfu%ngﬁo% 9&, tfoqﬁ%sgp t%lé réar(]: o?lefgﬂm];e?sgeférgtl)l?ftfro%i 30% to
75% of the reactor volume. The rate at which the hydrocarbon-containing feedstock is
provided to the mixing zone 1 and/or the rate at which a bleed stream is removed from and
recycled to the mixing zone 1 and/or the rate at which vapor is removed from the reactor 3
30  may be selected to maintain the mixture volume of the hydrocarbon-containing feedstock,
the hydrocarbon-depleted feed residuum, and the metal-containing catalyst at a level of at
least 10%, or at least 25%, or at least 40%, or at least 50%, or within 70%, or within 50%,
or from 10% to 250%, or from 25% to 200%, or from 50% to 150% of the initial mixture

volume during the hydrocracking step of the process.
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30where the catal yst may be dispersed in the hydrocarbon-cont ai ni ng
feedstock prior to feeding the mxture to the mxing zone 1 through the
feed i nl ewOR012AI7888rnat i vel y, the non-aci di c net al - cont aiPRirug2@aeisgst nay
be provided to the m xing zone 1 through a catalyst inlet 9, where the
cat al yst may m xed with sufficient hydrocarbon-coptaining feedstock WO
20121 78837 PCHIGAST Y B5HEY (o Meaatischon ILGT die Fo ok KapHiang o Diending

hydr ocar ks e Bk@t’o@érﬂ@n-%ﬂ{hi‘ﬁingtf@ec%ﬂﬁ!l' ﬁydng?encsﬁifﬁie}’%d thenbe asigld Mened to the
m xi ng zone 1 through the catal yst |ni'et . The non-acidic

met al - cogpaiamingcatadyal Yiytragey nisg berpsevideticantinbeushy sraidtennitientljéo the

hydr ocar ban- cont ai, ni f eed ck rogen nd drogen.sulfide in the
S oo g Phe LT R R B e N FRER Bup QTG SR O Bty rhfieee
hydr osar hgiRe® @3tdbwie teagdss@ttonaddlding ecaabad, WA€ opysHaggemane@n of the

cracked hydrocarbons in the m xing zone. An initial charge of the

non- aci dicentaing casdnitaandipigvided W the mingg zoee brvougdahe fose iesd- nidydiogen an
initial - r - - ol 98 from 20
o o NG OBV BEBE PO 01 B IO AIB AR oy Rl

hydr ocar bheorocadbad arhcl@gdfieawsirocdss. Thelydrbgenanay Beprofidédtdigie piRizgIone L he
non- aci di.c net al - cont ai ni ng catal yst may be provided for mxing wth the

hydr ocar BBATEBHERINS Hothe SXEEYERI-CRYamEtpaiRcdsiorl R ifeshierhe Miringeonel g
amounp ofy ok o F/h2R) M, f(gglgﬁl@/n‘? (96Tl KALAISER) P& Trdth b%‘rﬁ?ﬁ@é &f 8000

hydr ocar bon- cont ai ni ng stock. Alternati velgy, t’he non-aci di
net al - coMNmi/mi (g .2 SE€EB ys t43ySGIEB p oofrbohedNfom o ¥i0AG Nmb *tih’ ¢166 SCEB to

hyd - i ni f t ock, h [ fid th
oo o o398 ShERL M MalS R N oRe o s 4B 14 GRS heBY TR of
cat al yst ipafe ﬁixh%%o%@?l%aﬁé%_@i%@a’i&‘aﬂﬁ aip'i‘es%ﬁ&@ iV rd?‘fﬁ‘ﬁrb@.@'l\@?ﬁ‘{(ﬁéﬁ5 NPa
feedst ock having a boiling point of at |east 538C as determned in

accor dand&00A-4MW0ASTMT Kesnh 63 DER0M. 17.2 MPa (THY)-A¥W-0i whererted bydregant ai ni ng

cul e, e B2 PR B Bl O TR BNER St ot SRR P 200 ¢ e

m xi ng zone 1 HylhsbeABhRldeGOMNEE bRV GEbahNSd, aly preRei1PORnE&N) HaihnNha g
f eedst ock, hydrogen, and hydrogen sulfide may be bl ended in the m xing zone

1, for ehafiscarborgortainitg fsgdssock hydipgenpfiny hedreeibrindepleied fogel resipl.e by a
mechani c i ffi - I {10t 1, X |

met al - co% %?Hnel ‘%)f&'%g‘llgﬁ‘ﬁagsoﬁﬁg}@?{éi%ﬁ%g%Elgglﬁtrﬂéﬁ@%éﬁgggéi‘%e&cEﬁo %id}ﬂ}(l)egen, and
hydr ogen hstitolgesl sulfigy mak $e pbevidddxe@d tinwousyeorihneimigezdyne the byxibp eoed hof t he 25
conpgnents prior_to Er oviding the conponents to the m xi nﬁ‘f zone 1 and

i nj eéli ndha Isactar 2 ALRHAEE PHA RNt Ehg dsogernsuideimay Beoneced WilyBeigh one or nore

nozz1 s Wik BBY cafturiR kORAREHAIAL Gl TDRITR AbiCPRIBYR ng catalyst.

hydr ocar bon- cont ai ni ng teedst ock, drogen, a ogen sulfide may al so
be bl endégdionarbhe-critrinigg feedstock thyouph redeedinidid. Morotiaelyothedgydtcaeni ng

f eedst Kk d t.al t 1d i nj ti th 1 Xt .lnto t 1 X] 30 1
through. SHEG P RaRat el § i elosan 08 siovpisdied Mt e ddupugh Mo che
hydr ogen hityﬂﬂo%én {d168iné 75 l#@ltérﬁeﬁﬁf'élﬁ he Hgiﬁ‘dhg@fé Qulifide Prla%{lfé%?%ﬁéd%ohﬁéiﬁf?ﬂﬁg'

entering fhe mxing zone 1 through the hydrogen inlet line 7. Baffles may
be i A2l udewe 1 throngh 7 kdrogan Blfide inleeling XT.ng zone 1 to facilitate bl ending

Lhe hydr ocar bojy-c gt ADg L SRARIR KuirtRhab K8k rulheE QSR in APifigar 0gen Vi
hydrocarbons in the hydrocarbon-containing feedstock in the presence of hydrogen and the
non-acidic metal-containing catalyst and inhibits coke formation and formation of
refractory sulfur and nitrogen compounds under cracking conditions. Use of sufficient

30  hydrogen sulfide in the hydrocracking step of the process permits the hydrocracking to be
effected at a mixing zone temperature of at least at least 430°C or at least 450°C with little
or no increase in coke formation and/or refractory sulfur and/or nitrogen compound

formation relative to cracking conducted at lower temperatures since hydrogen sulfide

inhibits coke and refractory sulfur and/or nitrogen compound formation. The rate of the
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sul fide. Less preferably, the non-acidic netal-containing catalyst is
present in the mxing zone 1 in a catalyst bed, and the

hydr ocar bwo-20rt7883mi ng f eedst ock, hydrogen, hydrogen sulPCirds2oao6ssnat al yst
are m xed by bringing the hydrocarbon-containing feedstock, hydrogen, and

hydrogen sul fide sinyltaneously intq contact with the catalyst in. the

Cat ol yat PatsEer: 1 paiCH B Figh i) e By Ao BRBLENEE SN BALOS WOV i xi ng
zone 1 angaBhiidl 206 196 dHdlinh8RVihe Qﬁ(ﬁ(fr%ﬁfaﬁﬁn’é?th'erﬁr&thﬁ/drocarbon— _

hydr ocar bon-cont ai ni ng feedstock nay be cracked. The ténperature in the

m xi ng zceaetaihingpredicinzyiedenoved B37BThe as008. theetfremadyl Be gredtly micscaseg zone
1is maintained at. a t rature of. from42 t.0,,500 or . from430C to 10
500, or WG 50t TeEOREaTIEs §rhukBn GRs R N e ek RN of the
process ancé'ﬂ@Iﬁfeﬁtﬁ%ﬁcﬁbﬂifrﬁﬂh&|pﬁfbes§ih@reh@ﬁ@%hﬁ1cﬁﬁ@y Wilithieno tdhgpemnfleng zone is
selected and controlled to be at |east 430C, or at |east 450C. Hi gher

t enper at ur es ey hydrogee fufideprovifed e bejdresicy e iedydgcapoafcoptamipg ocess of

the present,. [ S| N > i g

nydr boar BossEST Rk bl Mh i 8- G SRR SR ATl Hvidea g an

15hydr ocantant ¢ftaetiad i degnqaseatd alcaiangicedesbyintiRadiegperrat wf e @ankidy t he

hydr ocracki ng step of the present process .inhibits or prevents the

f or mat i oRcasHORolEOrdeRtainciease dhgyatet e raging saetien. hyfrogensullighman bey pi cal Iy

occung 1 3pbilon i GARVENG PRBe CHBBKIORIRANRIERIGDLA plbPRREIAbLBRARYiyf S0C
r. e eedstock

or great xing t ydr ocar bon- cont ai ni ng ck, the non-acidic
met al - conbeahyuirogrizdh-catahing feedbipds agkentalgsiaf hyldawdenols of hydtegemsulfide m xi ng

zone 1 at a tenperature of. from 375C 500C and. a pressure of from 6.9 MPa
fo 27, 5 EAl RGHACALOgey bl MaEen WHiRRY Sel OB PHTOUHrBERe e ar o
vapor i zabh® gsistrBRti{ g ﬁ&d%ge@p}@vﬂe@_%m I@as\(\‘é.tsh'l'@.d Reatbad 19 :Zﬂ?ﬂilgr ¢ Whi ch

includes the first hydrocarboh-containing product. The vapor may be
conpr i sedeast 1.Ay4P ouat ksast TONpOOnersit fnastskhit SiOnitially in the

hydr gcar bon- coqt ai ni n f eedst ock at _vapori t the tenperature and
oy csdire it mateti B of s SR A et Ao BBy B oAb R AT M pot
present itiibiealllhi cafalyshs duseliReaibb o e Belosdtedinf the de%ias kot inthe pr oduced

by cracki ng and hydrogenati ng hydrocarbon conpounds initially in the
hydr ocar BRASIE Srranay begprovidad fobk niikae zaee bimbe reashs ) indd ey diecrakéng

compr i ced o 36 RYGRSHE R et Int el IR Gl B ER Do TR B o0 P°

hydr ogen nsiirigiinléhe iAixingasie laofply tehaor dhad dreacvdipats maRpred $§nohortiydr ocar bons
that are vaporizable at the tenperature and pressure within the m xi ng zone
1 ma%o be CBYRISPIGORSF it BPstioRp é‘lmﬁltafné?ﬂql%/d%séﬂ’ﬁﬂé@é‘blthﬁrcéﬁﬁsh%er &jigtn of

2(@12{ 07??%1;’;@ /op%ﬁé&?@@?’&%%n{&%idw&&ﬁﬁo&ﬁéj SGE ndod10TRF & ﬁﬁeét%ghhsa vapor
physically separates fromthe mxture in the mxing zone 1. Separation of
t he vapornfmana déserbedXtam eheicatal yve pen gram@f zamkystl ahd avass peferably 0 umol
ammonia desorbed from the catalyst per gram of catalyst.
The non-acidic metal-containing catalyst may be located in the mixing zone 1 in a
25  catalyst bed. More preferably, the non-acidic metal-containing catalyst may be provided to
the mixing zone 1 during the process, or, if located in the mixing zone initially, may be
blended with the hydrocarbon-containing feed, hydrogen, and hydrogen sulfide, and is not
present in a catalyst bed. The non-acidic metal-containing catalyst may be provided to the
mixing zone 1 together with the hydrocarbon-containing feedstock through feed inlet 5,
30  where the catalyst may be dispersed in the hydrocarbon-containing feedstock prior to
feeding the mixture to the mixing zone 1 through the feed inlet 5. Alternatively, the non-

acidic metal-containing catalyst may be provided to the mixing zone 1 through a catalyst

inlet 9, where the catalyst may be mixed with sufficient hydrocarbon-containing feedstock
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hydr ocar bon-depl eted feed resi duum from whi ch the hydrocarbons present in
t he vapor 5 have been renoved. The hydrocarbon-depleted feed residuumis
conpri sedwof2otydssscar bons that are liquid at the tenper @CuS2@nNW633BESSUr €
within the m xing zone 1. The hydrocarbon-depl eted feed resi duum may al so

be conprised of solids such a tals freed. fr cracked hydrocar hons and
i nor - amob AR NG TRGEr XA g Ry JosHBonC e Ig. 48 Aats g Gaiiship Ront ai n

little cokpvQEd Ryt ArigiAkeofd NERoIIANL ¥ ARRSHiARkDNY step of the process 10of
the present invention inhibits the generation of substantial quantities of

coke. The hydrlbearbonidieptet-echtiisag catadystmambagyovédadt taiba miped withthd ¢ t on of

B R R T T A
t ol uepe ARG ﬁﬁl@ubﬁlto%@fﬁl‘ﬂtiw@ﬂgh&dc@&l@E@droﬁhrbbﬁ@@ﬁtaﬁlirig)ﬂeédls@(ﬁbkfﬁndlo?@o
u

hydr ocar bon-depl eted feed residuumis retained in the 15 m xing zone 1
whil e th@a%@@ﬁyqi@g@@p@n@f 8¢ orackad hrdrogarkeirgn Zm@ixing 2. gy injtahcloree he
hydr ocar - I > i du i i 1. X4 zone. 1. be
R R e R R T e

f rom t he change bghzdroearoraashtiihieg féedetock ean gactimiof BrontEigaaRH0ODS gantsai ni ng
f eedst ock, hydrogen, and hydrogen sul fi de may be conti nuously or
i nt er m t & AARYSHE Kl agany o TRigal RdeGagPopohpatanige feedatoply  Q¥erihgiedrss fed above

and fgpxe 1261 Galh IR & ;
hydr ggar g%érq\btﬁgepsﬁgtﬁ %ﬂ&? gggk?{égfﬂgﬁ%l %Hrngggla%lgg{ Ilﬂgy ?ﬁgﬂ%yﬁpggf@%%g‘f@ (ghepr oduce
further \hgpeocarbomponamingicedsyahkobpirbgans abdbydragen suHjpderin aakhheuat oftfieem

tenperature _and pressure withjn the.m xi ng..zone for separation fromthe
ot g 5 SHESERaRatL RErS oL bt PeARiIp et St ABathon Soptiihas FaiSick coar at od
fromthe Aﬂe%ﬂdﬂigel%/gﬂ? n%n%ﬂi@ﬁe%ﬁ@&ﬂ&ihﬁ%ﬁa‘l%t Ria ib@tp?cﬁiiéd f%mﬂiﬁ/in% QRayr at ed

fromthe reactor hrough a reactor product oufle . to provide the first
hydr ocar Wlemh yseedashan-ergtapriog fiesdstoTh diydesgen.cmd Byidrogpn sdlédabyer tewedurgguafed and

operated so that .substanti all vapor s,and e xjt the.reactor
P oadas Cofitprards i HpRh MR ot T aBR b S0 AR A S bRkt e | e
at nost JywkocHboRd indhe H}Qﬁbcﬁbdﬂc&fﬂtaiﬁfnjg_&‘éedﬁb‘ék hdving aYoilig pintBatlefhtd W . %
or at nost 0.1 w.% or at nost 300.0I wt.% or at nost 0.001 wt. % solids

and | i quidsd8°Gaas deierntiegdoarageardancandthpA8EdUMethed INBFOZh t he vapor product
exits the reactor 3. ... st.r.ippin be injected into t react or
Sover the mangessidicmetlediainflsat SE I B i - FR Db ARl i g
the fir S‘hybl\bgélﬁ),(hﬁﬂ bhoarogemtiafiné Mgy BE adKed b bang bleRddd Ntd vt iaAMAteladaniguts om
the reactor 3. The stripping qas may be heated to a WO

2012207383 parxus2ont 10dde grtalaepwitipgieaalyst, bydregishen-ggidainiagpeadstogke wi t hin

s T o T L T
stirring a mixture of the components, for example by a mechanical stirring device located
in the mixing zone 1. The metal-containing catalyst, hydrocarbon-containing feedstock,
hydrogen, and hydrogen sulfide may also be mixed in the mixing zone 1 by blending the

25  components prior to providing the components to the mixing zone 1 and injecting the
blended components into the mixing zone 1 through one or more nozzles which may act as
the feed inlet 5. The metal-containing catalyst, hydrocarbon-containing feedstock,
hydrogen, and hydrogen sulfide may also be blended in the mixing zone 1 by blending the
hydrocarbon-containing feedstock and catalyst and injecting the mixture into the mixing

30  zone 1 through one or more feed inlet nozzles positioned with respect to the hydrogen inlet
line 7 such that the mixture is blended with hydrogen entering the mixing zone 1 through

the hydrogen inlet line 7. Baffles may be included in the reactor 3 in the mixing zone 1 to

facilitate blending the hydrocarbon-containing feedstock, catalyst, hydrogen, and hydrogen
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The hydrocarbons in the hydrocarbon-containing feed and

hydr ocar bon-containing 5 feed resi duum nay be contacted and m xed with the
non- aci diworeet2al78gsent ai ni ng catal yst, hydrogen, and hydrogams2enlobisde i n t he
m xing zone 1 of the reactor 3 only as long as necessary to be vapori zed
and separated fromthe mxture, and are retained in the reactor 3 only as
ong a5 RS kY R epu Ty St AP FamieE FslBedt PPOud he R e 11
Low nol eGyh@y inebahtlysthed! arahO RNGEoEa¥MSorRaihRY fBQIsldcRoh RIS goh, F(g?_%ﬁfoéé%

vapori zed and separated 10 fromthe m xing zone 1 al nbst immedi ately upon
bei ng i ntsnididacand daralyst aileenies bpgringing the yhleocattion-qonsaimge faedetodk.i s

mai ntai ned .at a t rature.of .375C to 500C and a pressu f from6.9 MPa
To 275 medesfabd TOHECL Snsh et i S an e AMaaty B PRy in ehEMBAC or
in the vapgr. H gh nol ecul ar wei ght hydrocarbons having a high boiling

poi nt, for exanple hydrocarbons having a boiling point greater than 538C
(1000F) at 0. e taspaypre apghpresspigicendifionhia the MivHYE Zokfel Areuprinfainesy are
cracked i mgq[ s - i i ng. poi 2%? be. vapori zed
at the teﬂﬁrgtpglgat urygﬁ;an %gggg@érh ggrlogalktaﬁfé Clr)nﬁ't%“% fza%)%%&%lg d %aé%gafrg e from
the m xi ngng@narcindhexiting hener eRGiDfitaded ot Instcas aobansPeferity the

hydrocar bon-contai ning feed, therefore, may be contacted and m xed with the
met al - comuizingizoge ¢ at mpipsainedry driogparatugnef thyrd #agEntosOPCder frem ¢Ae°Grioxi ng

f t 2 i ahle ti i od, di th
bor | g paPRe. o &0 dp ool R SOt Crin O GG UFREHG! A ng zone 1
and the r ?(?&Eso(%f Otﬁe gresent invERBok, dhEreffpePiRE %W@gﬁbgﬁéﬁg%ﬁe GQQRELlef1aNg t he

first hygr ocar ont ai ni ng- product fromt rbon- cont ai ni ng
f eedst ockontgllddao ddjptilsted 303, oehideast 4h0°6E Higherttempenatiresrmaabadpeferpdessur e

inthe reactor 3, ‘and particularly in the mxing zone 1, within 25 the

{ enper at dehyEpacRE SOEHE BBt Empruls Herent PRt S o 6 o Nea -

27.5 MPa.cohng§ie@sf e hiyB®chbBRebathinify R 08k Rpdt BshidilRgRiessUre in the
m xing zone 1 permts the hydrocarbon-containing feedstock to be provided

to tHe mhyilipgarhepeontaming preducs ararenseswih tepparauiceabd) thahpdragidclpag ficps t he
vapor to S fr the m xi e.r

hor eased s E@pAb B LTHHG AT ShRdnS R Frdo ROt BAC ke e a0

f eedst ocki50RY o£XRGEE, SMEEh GpRELY 6aReFrapRISY HESdEQeritioBl drickifeproe@edsalt 3 due to
hi gher cracking activity and/or increased volatility. Conversely,

decr easi ngmpdiatutes opdpeiCLeregraatel. or i ncreasi ng the pressure in the mxing
zone 1 may reduce t

e.rate at which.t eeép drocar bon-, ontaipi ng .f eedst ock
may be provi dedig PrbYdacapor-con e Fedlagh o Ry IGE gl comaining
2012H07883ARGT hiae0dd .08 B3&boseRAfidd ﬁﬁhé‘ﬁﬂxihg ABYeHaf 4 @MpBiakirdgf ZOMEe 1 and

the reactor "3 since the hydrocarbons in the hydrocarbon-contai ning
f eedst ockKB7hHy teeXjieCisadagremurecnt froaset MBsiodnT MRaipredicas & heparélzattior 3 due

to | ower cracki acti vit nd/ or decreased volatility. As a result. of the
ohi ot sampasdtt kRl ARG SR AR e el Hi PR R oRS ki g
step of HRRINGIABRETWIAEh BRI @S &indt hiyMveRbbRRonthehWHERGATRONSIr MdyNR

hydr ocar bon-cont ai ni ng feed may be contacted and m xed with the non-acidic

met al - copaiprbatigefdetedegdon chipgpatspresandniiptly ogthe hydrachdpenicantalnengri xi ng

zone at t epperat ure of .375C to 500C and a essure. of 6.9 -MPg to 27.5
o 7o e bRERRL e Blys (et R oeu? AT B dlefed s

hydr ogenaiyebcadbsl cyiapeirids @sht atetnot predeldigivietly trhak hpii@barbon-cbmginink0d hi gh

nol ecul ar wei ght hydrocarbons may remain in the mxing zone 1 in the

pr esence fefdsofk briede RipduerRbh heASKiag ardhydieeenain Sy HPEArhRM GIMROYALSI ni ng

cat al yst .pr. 1§, 1 f i . ani o upon cracki ng
t hat reaélph\%lﬁ? ﬁ%ﬁgﬁgﬁaéﬁ%ﬁ%@%nﬁ?ﬁ %Cg[eo(r%ﬁgl{;ﬁ?% d ef?(?[(;’% ? {))rrlzﬁaﬁ'ﬂiseteggkree hydr ocar bon
pr oduct s terapdreture dnapréygareocidrib dre maxdigLalnedatlihenapdhaiy fleabé covprlisedtofier
hydrgcarbons to form coke or refractory sul fur- and/ or
y %8 l?1yd1rocalr%ons that are gaseous at STP, %yc(i)roéen, and ﬂydrogen sulfide. At least a portion
of the vapor comprised of hydrocarbons that are vaporizable at the temperature and

pressure within the mixing zone 1 may be continuously or intermittently separated from the
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15ni t rogen- cont ai ni ng hydrocarbon conpounds. Coke and refractory

sul fur-and/or nitrogen- containing hydrocarbon formation is al so avoi ded
because tWwe 20rackssd hydr ogenat ed hydrocar bons pr ef er ent iparius2@xios3sshe

m xing zone 1 as a vapor rather remaining in the mXxing zone 1 to conbine

with hydrocarbon anjon radicals in the mxi zone 1 to form coke or
o1 ot 0- LoREXHISFORR A SHECE B1oy MHENISAR YARE PRV DS A GRIES TromANS HOUGR Ib o8

hydr ocr acliik}g oh€p. of the process produces little coke, coke and netals may
accunul ate in the mxing zone 1 over time unless renoved. A portion of the
hydr ocar bon- d&jgb&nieeh fbfetbdVamlfmmeamdtmc)mmMngmen@l leawet @i ni ng cat al yst

may be s r at dfr e mxin one |dS|ncIu nmetal s and
nyeir ocar gomeceate el dE T it RRE b B e A SO el el T e
r esi dgumnhitiebdeaacinbiedd TRy: aﬁ)daﬂﬁ)huﬁPleaedtﬂa&ﬁfésﬁhﬁ@am&ﬂpﬂ@ti 025 for renoval
of a stream of hydrocarbon-depl eted feed resi duum and netal - cont ai ni ng

cat al yst hyfioafmbpes Wpsarg fqyidrmé ﬂ@ tamgeraee abpressureavithindhgymedae senecanisut | et
25 may b%yglfo%@%h Y& piied 2 r‘e‘élgﬁ'ur{n%% g%‘f%ofﬂeéd Bg)sr Sf dak ‘%e as STEAGL 9 dlfe?r om t he

A portl on rocar uum may enove

m Xi ng z@iven drasked Hyfdﬁoclaﬂmt aind ﬁm&ﬁ amohged csite. eﬂmﬁyldmugimntd@pletﬂdefeeu stream
outlet 25 while 30the hydrocracking reaction_ is proceedi n&@ portion of
t he non- A&SHUE Pay &Pnté]é‘r]r%tﬁ? ﬁ@wr@aetawg% Slﬁﬁ"ythélh%mﬁ’@cklé‘ﬁﬁ Pf theopFPegse

m xi pg Z%?ﬁle]pr@s%ngﬁ%ntﬂfn 151?&%3??1%%@ éf‘atlf (GO0 syBObAG o@D Br Cedtyet i n the
bl eed stream nmay be separate |qU|éllport|cC)1 o% t he
hydr ocar hgdrodapbeideplefed ek drres dowmmayrcontag, lprl-EldtIEttDlﬂ?GfThj’d]lO(Bll‘]Xm fieedstoatui d

separator 17. The WD.2012/Q7 837P 82011/ 063 sol i d- I| d separ at or
17prray b Y1459 o dhe grxing &gl ?‘TSE: PrUapoy gﬁéﬂoffart %S‘t %8F? s, the

liquid pefdst 9RoQF h?dﬁ%cﬁb&%@nﬁlﬁlﬁ@m ia%en@@s hReNedEsy R8Tk MRt 771 Xi ng
zone 1 via a recycle inlet 24 for further processi'ng or may be conbi ned

wi th the hydrdgdedsbmpeisionaf Hiedydtasatboaripletashfe¢drgsidnwo is regaingddinrie zone 1
throuygh the. feed inlet 5. 5The vap ated. fromthe, m xin ne 1 and
the 1 9acouiing g b dleafs ytr R EPRRATERERE SRS g B Ty bl g

hydr ocar bgaschdbah-dapietcgd dsdsiddim Sidnedhiethe niTRmk z@ﬁelmyfb)é@n@ﬁatrtbons in the
vapor are contained in the first hydrocarbon-containing product. The first

hydr ocar Bithes SFCkingite grogieriere Yappr haymay be sensered bamdhe MiHag zewsnt iths at
| east 809 f th
nydr ocar Sisi-iufing &A% $oMhaSEuBly PSRN A MRS ot “ar e

gaseous atlfidékhayeye doaneucstasrbmormiosh®nprovitet o heahiximsiond 0% therrad$ nost
5% or at nobst 4% or at npst 3% of the carbon content of the

hydr 68ar @6??“@6?\?‘&‘?% g npigedwith dle non-acidic piggalfqopining ety B8 M ont ai ni ng

pr oduct IRy
hydrocarb %&g%ﬂ%gﬁiﬁ g&?ﬁ%@ﬂﬁ%&gﬁg ‘gm (Fﬁgﬂhgglﬁﬁﬁg Héég’é@ tligéoe})@?h&vafd €ess.

The fir stcompds@btacrﬁydmcaﬂmnathat ag vpp@ithable argye teimpeaiune hebpresduenwBhintth®g  or
at nost 2 w

or. at %,0f hydrocarbons
havi ng anbl&nlgquae E)cﬁ?rnstef’%ff‘tlﬁlig%]etpg%Hggg‘@cf%%do@&r%cm Red |% accor dance

Wi th ASTM Met DQdedb3Rdrtion BE tHel Vapbr Jémra%qf&@nreqﬁml?g #HnBd rﬁa;owct may
contain V& hydrocarbons, distillate hydrocarbons, and napht

hydr 82ar lsor@nuonklg of nrrt@mmttwlrym@amb@dfm theiredotey %ﬁhmbta TQWOfdmﬂdlm‘t autlgser
11 to provide the first hydrocarbon-containing product. The reactor 3 is preferably
configured and operated so that substantially only vapors and gases may exit the reactor
product outlet 11, where the vapor product exiting the reactor 3 comprises at most 5 wt.%,
or at most 3 wt.%, or at most 1 wt.%, or at most 0.5 wt.%, or at most 0.1 wt.%, or at most
30 0.01 wt.%, or at most 0.001 wt.% solids and liquids at the temperature and pressure at
which the vapor product exits the reactor 3.
A stripping gas may be injected into the reactor 3 over the mixing zone 1 to
facilitate separation of the vapor containing the first hydrocarbon-containing product from

the mixing zone 1 and from the reactor 3. The stripping gas may be heated to a
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20gram at least 0.05 grans, or at least 0.1 grans of hydrocarbons having a
boiling point fromthe initial boiling point of the first

hydr ocar bwo-20t7883mi ng product up to 204C (400F). The fiPC3IUS2011/063881

hydr ocar bon- cont ai ni ng product nmay aI so contain, per gram at least 0.1

rans, or at |east 0.15 of h car.bons haV|n a boi n oi nt, of
Pr om 204G BB Y"1 Ih e hRES fherlgleﬂwpsga? g i PP
pr oduct. Taorah RARAHrR. BEARprAl Al RASKe FRRCTATEB hkolRast 0.3

grams, or at | east granms of h ving a boiling point of
f r om 260Guif&EOQR. up to 343C (650F). The fi rst hydr ocar bon- cont ai ni ng

product may al nta t r or .at Ie st. 0.35
b am. or at - 1ERL5BeR0 Ahe KBS b Sl ueSheBhoflhing 2
boi | i g P&idNesi@fiurh W&%@ta&@ﬁ@ﬁd nujaect\ouﬁaﬁ%ﬁlwﬂﬁ&etaﬂa@mﬁﬁhr@g¢av&y@rmunt s
of hydrocarbons within each boiling 30 range and the boiling range

di st ri buthygipget. anf aydipgen sdfipoisthernyxis zaes bphihadepcias xudvrdl@Rgas wi t h ASTM
Met hod i ni 0

cont ai n SEree oo uleritd Rl PRI B AREE Gt RS CRRY oy
portion ohlst da;eoﬁnglsancemnyttalbelvagormedm@axlbﬂm rea\&br product outlet 11. Low

2012/ 078837PCT/ US2011/ 063881 conpounds have a boiling point of |ess than
343C ( 656‘?1) eculappeighthy fquqg,@p%lg]fv%gqa lognbailing H@ln&@ﬁiﬁég Wﬁﬁ’%ﬁe%‘@d e per
gramynfr [ £, c

basi 510 %g}ngmg% 2 ég'ont gf%taﬁg{?gt?ﬁﬁgféﬁ 1a¥e‘?¥ Q%ydr%%%%lgau%gﬁ{nglﬂﬁ?ﬁléﬁc%%%g tion
may be detlenmhaedkingzarclois dericeinad hia AP alat b6 d7 DE2OS00AC angnpfdsaaat 5
portion of the sulfur-containing hydrocarbon conpounds in_the first

hydr ocar B6OBLAY M g TebMpds TP e aF eeagme &iaﬁé’& SEPATRtEE rHNHY Stost Bisn

fraction i i
hydr ocar E%Jr‘}?o\gg gtg él?en%%g} clg hf)}gél)lt@ %uéﬁélgﬁléléé%% Ehaw{l‘? F@% ﬁdﬂ%}) Olor at
| east 50%r exanple hyelasdarid%thavng atbofim¥poirt g@éatdremt53'80%(1@110°ﬁ)tat logl@st 75% or

at | east 80% of the sul fur-contai m&g hydr ocar bon corrpounds wei ght of
Sul b adiHD HEHTERHIBANS HIMBE EMearEdi] fReyHraeTRheVE TR t&?z@@ns Xinga

cont ai ne h t he
TP Sl S L s o G T S LS
343C (650Bhe Ward & sepaamtfrdzm ithel mixingurge aadexit be romitor mgThedqgleOGdIMB obut i on

of the hydroc rbons ma get erm ed in accordance with AS'Lht Met hod D5307.
Less t hatSHHOGHD qne‘?él IHQ% OIe gAY PhEMIEYY ansymixgd i 5% or

| ess t ha@o§tglﬁing)6atdl§s§5h 23 hyRFodeR a1 RN (1RQ ke Adne 1%1{%51&% ai ni ng
hydrocarbons in the' ft |rst ydr ocar bon- cont ai ni ng conposition, by weight of
sul f@p nfomwrmblqianw@mh dependingiongtie beiliag pointiafibe hydtoharbeTMINdet thed D4294,

may be cant ai.ned i dr ocar ounds having a boiling point of 343C
(650F) aﬁancgbgl?ﬁlg tﬂe P%Z?I}? %tﬁ?ﬁe ¢ ﬁge and boiling range distribution

of hydrocar bO"Fheb&tb lof pEbdatink EEOEY @iw 1sf1ﬂ%’gb2@st:ﬁ‘§'31@c%@n abmidmy be
determ ned in accordance with ASTM 30 A significant

portion d@rodugefrem th@hydf@mrb@rhmmalmyla rf@ﬁﬂéioﬁb mad&mdumé byrselepigort pfrthe
hydr ocar E&H e%? Feaeln’&/d}%r&s%{@?& bife! QAL TR aH&p 2 &%g%@k%&%@?”\p#ﬁ In the
9 Of a

first hy contai ni ng conposi tron, 'Sast 45

wt . %zsor tlaéteh@a@turéeamg%oV@75HC 5@0°temtw1ﬁﬁnme ;%ss@fe rafigd sy MIQ \i7.90 of the
sul fur may be contained in 25 benzot hi opheni c conmpounds. The anpunt of

sul fur i MBenleteriiop fsripmperoipouitder deareasiag ferpsesshtedn decaniydre zanetlai ni ng
oo & bbbl Bl Bpl e AR e Rlockth blbrd b ihtthie SRBAIAOT

corrpoundé) rocarbon-con g co
by sul f urregleerB dt unimseSed Litd Al shirifRR Heonpor @aw s@ﬂi‘dﬁr@lﬁ&ﬁ@g’f @p wxm@x@@ SCD) .

O the benzot hi opheni ¢ conpounds in the first hydrocarbon-contai ning
and the reactor 3 at an increased rate since the hydrocarbons in the hydrocarbon-containing
30  feedstock may experience a decreased residence time in the reactor 3 due to higher
cracking activity and/or increased volatility. Conversely, decreasing the temperature
and/or increasing the pressure in the mixing zone 1 may reduce the rate at which the

hydrocarbon-containing feedstock may be provided to the reactor 3 and the vapor may be

42



30conposition, a substantial portion may have a boiling point in a range
bel ow 343C. At least 65 wt.% or at least 70 wt.% or at least 75 w.% or
at | east 8O 2042/078830r at | east 85 w.% of the benzot hi opremits2eionmsssands, on
an atom c sulfur basis as determ ned by sul fur chem | um nscence two

g I TN e O SR
2012/ 07 8334 Redi b8k E3R8ds 1d&R3ALy e&ﬂéﬁe%w&@z&%i@ rGRITRGLILS i@l ng a

boiling pdint in a range of 343C or dgreater typically are nore refractory
t han benzeachirdphvend toveeprskingsichawy agl/er deowesedbldtilig point. At | east 40

W . % of the sul fur e.fir.st hydrocarbon-cont ai ni r.oduct be 5
contained in %ﬁoarr(%@{%%tﬂemﬁ%@icg?{ﬁ%@%gnggﬁﬁ?ﬂr eﬁ%%lgo'f Cdl?e T?tgfg)r/ | ess as
determi n@l?dl@érabm?gtelfmﬂ% testIor fﬁ@p’i@kkﬁﬂlhvé‘rﬂi@ﬁj the AyMSeaBERs inwher e at | east

60 wt.% of the sulfur in the sulfur-containing hydrocarbon conpounds having
a car bon hyfigsabopfcontringig fead najrdg cpetagiehand Hetkd; WitlhBig AenHicih®aiat conpounds
as determ . - r qﬁ@ i ] (&5@5 - ) prst
hydr ocar %ﬁ@g%%%%?%@?%g&&a so(g%lég]fﬂ%%%?lgﬁlﬁ , lpleﬁé)ig?]at it Q{%g%t{ﬂeo. 0005

gram or af 3V &asto D080 hn@h drasQire OF 6100gRN 237 §IBARY it REDNE As AGRNaekaRaRe Wi th
ASTM Met hod D5762. The first hydrocarbon-contai ning product may have a

rel ati velvpporeagdy eittp be 6fackeds hydiggerairse And vinssdeds Itis belidyed tht hisvdwiing,

cont g ni o . i T itr - cont aj. ni ydr. nmpounds
ot AL PSRl nBlsb B8 RENIGY B PG SR e

i n the hygickednarocdrb@stsines shedon-agdia nteailicon@inded etalyp premd@Sthe( 650C) . I n
the first hydrocarbon-contai ning product at |east 65% or at |east 70% or
at | east fomugatiopof fydnogahen @é%abam@wmptcr%m%ﬁ%ﬁt r‘ﬁlﬁhdlYHWFBéﬁﬁVan

conmpound ' [ ' ] :

ccor dangud e SHEN tor sl Ran s A AT A B8 P EATRIEGT pon
fracti onsatiensithg reacbwiithiotigr hgdmotarboontotfen coket orabfr@@otyoulfingndor nt of the
B BRE IR el et A R
det er m nednifhiALIERIGARSH Bhi NI MsbBlfiagy BRANL thb esekddBurdeia®l the

ni trogen-containi'ng hydrocarbons in the first hydrocarbor-contai ning
pr oduct , hiygrogesibghg prefergnitiatp gein thermixing zorpgowndapearsrathet wanmimieg in hheaccor dance

wi th ASTM.Met hod 762.. .may . ont ai ned. i n_25 hydrocarbon compopnds havi ng
B boi 11 ngripBeons g g hiTe i arty Mol Aoty e SRR TR e

boi i ng rcarger stoetédkeuhil efraforyieteppamhenydieeihbfg at tenperatures from
343C and above may be determi ned in accordance with ASTM Met hod D5307.

The £0rst hydrd8@pehedultograsking sporiule Pivasss deeftuarlielr gakd celmndquant i ti es
of ar O”a%he‘%albégg%ﬁ{n%&e%@%%&ﬂfg Egei dvef e AL é’zl%ﬁ{o%@i Rg{o&t%ﬂ%ﬂﬂe product
er g |'easte T, g > east o’ gr

may contai n, ram a ram or a am or at
| east 0. hygiogmboridepletel] €asitrefl ddidm ghdnpn-acidatmételacintdning gramsomapbomat i ¢
hydr ocar bon con‘grounds. The first drocar bon- cont ai ni ng product may

h
contai n FEI%REYEP PRI HOE FARIREMEYh it R MBS BTN SESATISPRECRES t hr ee
or nore %Bf?d@ih&lﬁdi{r]lgggkéfrf)@gthé'flﬁﬁoéﬁb AGLBE REEPEIARAEIRRL RAGBF) nfa§! LT ve

to nono-aromati c rocarbon Corrpoun%s_ I -aromat |
25 include a bleed stream outlet 25 for removal of a stream of hydrocarbon-depleted feed

residuum and metal-containing catalyst from the mixing zone 1 and the reactor 3. The
bleed stream outlet 25 may be operatively connected to the mixing zone 1 of the reactor 3.
A portion of the hydrocarbon-depleted feed residuum may be removed from the
mixing zone 1 and the reactor 3 as a bleed stream through the bleed stream outlet 25 while
30  the hydrocracking reaction is proceeding. A portion of the non-acidic metal-containing
catalyst may also be removed from the mixing zone 1 as part of the bleed stream. Solids
and the catalyst in the bleed stream may be separated from a liquid portion of the

hydrocarbon-depleted feed residuum in the bleed stream in a solid-liquid separator 17. The
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WO 2012/ 078837PCT/ US2011/ 063881 hydr ocar bon conpounds. The conbi ned

nono- aromati ¢ hydrocar bon conpounds and di- aromati c hydrocarbon conpounds
in the fiwetotyudssscar bon- cont ai ni ng product nay be present/uspoiiioe3ssir st
hydr ocar bon-cont ai ni ng product in a weight ratio relative to the

ol yaromat j. ¢ .. hydr ocar bon_ conpounds (contai.pi ng three or, re aro icrin
Crr ot ur SeyEEEHdSEPuaEl? S5 e g 1iter b § GHBEL AR PRRGON o e BASt 2. 5.
1.0. The tl'ieellicﬁﬁdl ﬁ@ni%ﬁ%@ﬂ{esolé@d éﬂi‘éﬁ'ﬁ‘maﬂbérec PRKNRD IBhEGn s SROUIES | n the

first hydrocarbon-containing product’ may be determined by flane ionization
det ect i oneaywals idieh2h&irdnaher pagcestinomnay baphybi GOV ETH D) ydradagbdni- r st

hydr ocar bon- cont ai ni n r qduc contain littl.e tal. tent. The first
T hyar od P BB BhE ARErRR R e TR Bh o ST Rpom " or T ess
than §.5 wppmmk Vﬁ%&%@pﬁﬁﬂeam@rﬁ ihe shix (e HoRE AP PreGOAG NEdBpriNe® ehedirstTay
contain less than 0.5 wpopm or less than 0.3 wppm of nickel. The first

hydr ocar BofosEROBCAN AR Radedt ard)ydesarbons thagee gasspusat S TRppherearost e6s t han
0.2 i . i . .firs: - ini d
“’ppmtﬁe{]%{r%xb ?J%‘ér\%g&ea% S(B}gla;l%lg(ﬁlc thé %&sﬁ%gﬁog&%a{?.ggmg@m@gew& pr oduct

The first ocar bon-contai ni n IS otrea uce 't he

sul fur, niherfogaydreeadonlcehiamicopiogndt nafy Have afcarboh cby@nobardoatimsanlakni ng
product and to increase the ratio of nono- and di-aromatic_conpounds to

pol yar ondhite OF B HBE: et PP of i ORAHORIELA GF Y g boRGeRtanine
hydr gpr e%éﬁ?to@k’. ROh AfbE D GortsNE t}fe'uxfr@B% ﬂﬂ%(gé%ré’%ﬁ{e%%at_%% @922&9% Qgpdf oduct

with a catalyst containing a Co e Peri metal or a
conpound cohenebit 1§ hemestfl0&r, ot hembEOe ron abmoetddh, aat aloyisi% pof drecalbodr ogen at

a tenperature of from 260C to 425C at. a pressure of from3.4 MPa to 27.5
VPa L6 prOGEE AN RUERE R SLHPBEASWsheR ni ng product . The first

hydr ocar bon- c o &r i lerdeh@8HSbnamitPRoaESHc M prikel PEnfaBl HEIM A -1EBAé akkP

catal yst and hydrogen at the hydrotreating tenperature and pressure apart
f r om t he nensaspigltziondydrogirbpheompeitds tha® haraab@ting peiabdfyd38iar t000fart he

reactor 3. T irst . hydrocarbon-contai nin roduct be hydrotreated by
Cont 48t i dissy nge i BvrRibBE S BEROEIRbAINHRS BhBtIEts Mita SEsMiraPEofE: &

cat al yst ,wtantbrtad godly 10 9E dr himastlyIHvote sfayldRataftRas hdfind 2 boi]_ihl%pbiﬂﬂ pptreating
reactor 12 nay be maintained at a tenperature of 260C to 425C, preferably

30 from 2BBEritadHEE aadeteaningd pr asseidarceowith ASHM Methd@bDsH) 72 The fikea t o
effect the hydrotreatnent of the first car ban- cont ai ni roduct to
or oduce TRAEEhG SRS AT BaPuh Muirchin R PERbeRbor s Rl Repembots
enbodi menhd nipighd hydbdcaiydhis OTaE ﬁ@ﬂh«j@ﬂ@b%ﬁﬁ@@nt@fnﬂ@é}ﬁbdﬁcﬁ niydoptaiigpted at
relatively | ow pressure, . a pressure of from3.4 MPa to 6.9 a, since

e.
a | ak8e mEgoratigasid}.0f a@rrssum? aideagh@l | gramoefdydeasatbnmhigns g 8pbieg o SromaD
2012/ 078837: 011 ' irst . - o duct
are_ non- 0 P BRRERGREAERE e sb Aokt cp U oA B30T Q™ et | ons
of the fiThsffirlthytdacamboroaaitiag piodgetPiadiiai congdimgler than at Rafty0dr gaarspbens

having a boili nlg5 poi nt gr eater than 538C (1000QF) (as determned in
accor dan@blegitiOnl as s PEhrEacBaphavinga hailing pqint of fiam sRaFJEAY Ed PP ni ng

product  i3o% @oBtr)Y gh¥ e ylbcABShcbithintfBast: HaydeR lohRGe MRt 8dm, at
25  least 0.25 grams, or at least 0.3 grams, or at least 0.35 grams of hydrocarbons having a
boiling point of from 260°C (500°F) up to 343°C (650°F). The first hydrocarbon-
containing product may also contain, per gram, at least 0.3 grams, or at least 0.35 grams, or
at least 0.4, or at least 0.45 grams of hydrocarbons having a boiling point of from 343°C
(650°F) up to 538°C (1000°F). The relative amounts of hydrocarbons within each boiling
30  range and the boiling range distribution of the hydrocarbons may be determined in
accordance with ASTM Method D5307.
The first hydrocarbon-containing composition may contain sulfur in heteroatomic

hydrocarbon compounds, where a significant portion of the sulfur-containing hydrocarbon
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The first hydrocarbon-contai ning product nay be contacted with the Colum 6
netal catal yst and hydrogen at the hydrotreating tenperature and pressure
apart frowothe/amssing zone 1 of the reactor 3 by cont acPCmgiStéie/093spoDr
separated fromthe reactor 3 with the Colum 6 netal catalyst and the

hydrogen at the, sel ected hydrotreatin r re_10_.an ressure,
o oo Kpmpsdaks & betinaoies! Fasing T8GR o ARGy BRSO hed from
the reac Tc@ﬁtaﬁﬁﬁé &ﬁnﬂo@itfo‘ﬁ rﬁ&ﬁcdﬂwﬁ,%f gﬁ&ﬂ, i 6801 gfaniLgf sullfur 0F €£8.88loyam OF aS

desired, the vapor nmay be cooled to a selected tenperature, preferably in

t he hydr of séétriongintaterpierbasiar dhe sulfie cofitefir frth@ BOChy drodgd@)-comaiaingeat
exchanger_ 15 after | xits.the reactor 3.pri el d, to the

v o P eseTRg A pu i pe FElet Skt IR BBk iR Ay MRS D E o SRALEGM ai i ng
produst matidAfIRPA fik-@Enthindid MEs QBRI cofpdlAdHih IRNfiGPRRRUAESOE-hat ar e
gaseous at STP, and hydrogen sulfide that are in the vapor along with the

first hydPeeEvHoerRRNERNArhePnHrfliethahydpcarben lragions havisgpapdiné@oftom t he
ot ogar BB RARRoR Ty Bt R BReRo) S Du LR At b e

may be 20sgpé3%al@dit tdabt 30% tdrat kapo0 A yr e 68@Nst AidedshP0O%] ¢1dt least 75%, or
hydr ocar bon- cont ai ni ng product fromthe vapor. The first
hydr ocar BblEaESRfariing gulpHs@ainipg )y HacaboeaRAYNEs. i Yaightpd s Uiy cool i ng

the ‘i@pordeﬁﬁnﬁaeh‘ﬁw&%f’éap&fﬁ% ASTAMNE S PDEOOL rbgfcroﬁ{&r{]eg% i 50C and

reduci ng the pressure o e vapor to a pressur f Trom0.05 MPa to 1 Mra.
The condégdedarbon $tactiydmaeagdmilognicantirony theriodiatboilmy pbiat ciothe éicdted as a

l'iquid and separated 25fromt he. gaseo rnder of the vapor. The

Separ at ed HECDoRS O Ea ORI R G TP COREE) R S S TIRIIPEAT o ¢ he
hydr ot r eaid RaliknEAREO HiskutiBh 8f Ble@dRtdocAbbAE mRA¢E uBGrhiA8d fERAbAKEL itk St

hydr ocar bon- cont ai hi ng product to the sel ected hydrotreatnent tenperature

and pr es\KFTMiMethodhP58@paless dtnf50f7s tor sl theo didBo s tessithan 40fg oplessithen t o t he

i th 0he P &F s BrBcT B e S P Rroltke %ot o SR iR Yot al

cat al yst nhiyaroehibesd intthefihy By @bt 8861 -Behtailm@\Wodpdsitibatbyt Weight dfstifur in the

hydr ocar bon- cont ai ni ng product is not separated fromthe vapor and the
vapor i s cprpousds feeragad draccpidapca weh A TMMaherbAP94: atay|bpsontagiegadn t i on
of the h ' | I t i '

hydr ocar %lgﬁl%g%%? fé?ﬁ%ﬁ%&g ? (Ii)l gﬁ(&:l g ﬁg)r? g%?ﬁg)%?é%%é%&ﬁgﬁgni g{%@ swheﬁ%gle WO

2012/ 078831 ACTANBS20H Lo 6i38Bdgdudisteibntdiai sfad drarattons veipap at typeagess fromvi ded
in addition to hydrogen contained.in the vapor is derived froma hydrogen

sour ¢B. Pré hiur Bsn ey bedsiermipeadn rirarbgenvias oYl aflsided Prdfd-any
conventi onal  SOUbLEER QARG §1ﬂfur«%ﬁ’t‘3fhgr}%‘lgyd?é/é%flﬂﬁ%n%ﬁndifg%é’ﬂ%? may be

provi ded, as necéessary, In addition to hy en present 1nt Svapor
separ at edyfiroombbheontemntgoroniositontrhey hpylnetthephemg compoimis. IiPtheirgugh a

hydrotreatin drogen.inlet ljne 13. rogen, if necessary, e

o v ded T L HEDR ARG iRy B drask 30 HE95 o at e Aaraerot o Bt i ¢ st
hydr ocar Rgnz cank fia gt 930w 1%, 068G tleRf 60 70 bPHIBIFIBmhP S ediHaiEBin™B (56 SCFB to
20000 SCFB). The hydrogen may be mai ntained at a hydrogen partial pressure

of fR2dm denzaupgphani@nEavPds. oFheaamenn pfiswiyem penzoihadphgniesempeuvieds indfer om 3. 4
NP 10 ekl DU AL DRasEREL ahBudlf a2 Tt o
hydr ocar kefiaeiy @niiouddPinale Eitst hydrocarbon-containing composition may be determined

by sulfur chemiluminscence two dimensional gas chromatography (GCxGC-SCD).

Of the benzothiophenic compounds in the first hydrocarbon-containing
30  composition, a substantial portion may have a boiling point in a range below 343°C. At
least 65 wt. %, or at least 70 wt.%, or at least 75 wt.%, or at least 80 wt.%, or at least 85
wt.% of the benzothiophenic compounds, on an atomic sulfur basis as determined by sulfur

chemiluminscence two dimensional gas chromatography (GCxGC-SCD) , may have a

boiling point in a range below 343°C as determined in accordance with ASTM Method
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The Columm 6 netal catalyst that is contacted with the first

hydr ocar bon- cont ai ni ng product and hydrogen to catal yze hydrotreat nent of

t he firstwbydraoss3bon- cont ai ni ng product nay be any conPemtuseealo63ssi
hydrotreati ng catal yst containing a Colum 6 netal or a 15conpound thereof.

The Col u al tilized in the_ h ating catal yst i ef er abl
Ly e is307 g T ot B L LB G oT it R & 9128 o A e Haa
CoMpOUNG il thohrehEOY BRALE LRI BheiRt Ahipshind nehtide, Koy gpum oxi des,

nnlybdenunlsu fides, tungst'en oxides, tungsten sul fides, and m xtures
t her eof . pPh¢. Col umm 6 netal catal yst may al so include one or nore netals

sel ected from ms, 7,10 t P r'o c _Tabl e nds thereof.
preforred Cof deso T AT s Ahuriol e LR ool S Soinif FROURT B B¢ g
cat al gst cbaindden BairaddrbornédiiRIunadhviiOMNcAbok MR 7R e 8f detdi@ndd! uim 6
nmetal catalyst may al so include a Colum 15 el enment or a conpound t hereof

as a promyttep- dlmewmaéﬁﬁeﬁccs@lfuﬁﬁlenslmléwme stheteotprasnel) Wore oftthe pultr| on in
t he hydr i
compound 1 HhauGe R Bkt RaRBRR0ONBEAHS rf1ud BIRERIShRNEAFEPSAL L B8, 70

mat eri al berondined it henzECiliaphenio coripatindras deeanped bd Gheeafifurs di spersed or
within which_the Colum 6 netal or conpound thereof is intercal cated. The
support cBEBEHIRINSerEge KECAOboYes refract ory oxide or an activated carbon
matefnpal . The ﬁ%@ﬂ&rhé/dfﬂéﬁ%h%nﬁﬁﬂng oﬁ&ét%?sto‘?ﬂaﬁ&in'ia@ﬁ“ﬂepgra% QURagONSI sting
of alunlna silica I ca-al um na itani a lica-tita zirconi a,

si | i ca- zior@OAhigagm nagﬂe&thOOﬂ;ngramaf- mmggﬁsmsaietm'mmndnn aegualdanick watheSSTMer eof . A

preferre eri. ri ses al.um na, and ef era nt ai ns
. ar o B 62 B h b AL ERER b sttt 8 o b Lhfia s Sfatel MTats: por o
struct ur @f $8li€aik@ded &m Tﬁ@tﬁiﬁ@ﬂﬁ@tﬁéﬁ b tdoﬁfham(%@'érﬁ ldk fRespatrhen, and/ or

hydr odear omat i zat i on. supported 2012/ 078837PCT/ US2011/ 063881 Col umm
6 netal edregepsonmnhaxdocaripayenyiopaddinghe fiuhydmcarhen-comainimigryadict and has

an ore di a er of from 350 an troms ar ,f 150
ngetp omdTRae st iy Som gt e BT RPRR HRED DRy TR e 4
support e(d65@9t:91 NI tBe RS Bl di©3irBbY 8bn AN BY@uCR aPIRisE 6S¥Z 6r 8185k v@%t b0 such
that at | east 90% of the pore volune of the 5catal yst is contai ned in por es

havi ng a lgfsk &% areicast ¥ shbe anEReenvarRlagYng %gkocaébormlwg@&, DENEIPE | ess,
as det er%}fﬂﬁ%g@{ nﬂ&%%&f@%ﬁpﬁﬁfg a§dF{%{) u¥1e%1H‘§‘cc ng Ca:'[‘ij[l etfflg(?d %§&62’“ﬂy be

sel ected from“conmer Cli y aval ydro or éxanpl e,
a sui t ablneayorovatatiedlih yheshwalrdcation f&ahumﬁha&mgm Bdiling point from the initial

20  boiling point of the first hydrocarbon-containing product up to 343°C (650°F) wherein each

boiling range and the boiling range distribution of the hydrocarbons may be determined in
accordance with ASTM Method D5307. Less than 35% of the nitrogen-containing
hydrocarbons in the first hydrocarbon-containing product, by weight of nitrogen in the
compounds as determined in accordance with ASTM Method D5762, may be contained in
25  hydrocarbon compounds having a boiling point of 343°C (650°F) or greater, where the
boiling range and boiling range distribution of hydrocarbons boiling at temperatures from
343°C and above may be determined in accordance with ASTM Method D5307.
The first hydrocarbon-containing product may contain significant quantities of
aromatic hydrocarbon compounds. The first hydrocarbon-containing product may contain,
30  per gram, at least 0.3 gram, or at least 0.35 gram, or at least 0.4 gram, or at least 0.45 gram,
or at least 0.5 gram of aromatic hydrocarbon compounds.
The first hydrocarbon-containing product may contain relatively few polyaromatic
hydrocarbon compounds containing three or more aromatic ring structures (e.g. anthracene,

phenanthrene) relative to mono-aromatic hydrocarbon compounds and di-aromatic

46



catal yst is DN-200, a nickel-nmol ybdenum catal yst avail able from
CRI/Criterion, Inc., 10Houston, Texas, US. The Columm 6 netal catalyst may
be sul fi o®02b/@E8837vate the catal yst. The Col umm 6 net alPCTAS201yH6388RY be
sul fided prior to contact with the first hydrocarbon-contai ni ng product by
passi ng ul fidin as,. e, g. hydrogen sulfide, or a sulfur-containjng
Pt d- e B Aoadardsn e so pped mogparands pinc b Penuoaay Bk Tr om
S0C to ZQ%atiEhi?ydil&%oH%m?oﬁﬁ‘&s% iRl Hﬁﬁodﬁ%’onaéﬁ@aiﬁﬁ%%kﬂdﬂlb%gy b& sttu in
the hydrotreating reactor 12 by contacting the Col um nmetal catalyst with
t he vapomresepidan sheefdrst nyshrocanzon-emdaining produheing weightf ratistrelative to the

hydr ocar bon- cont ai.ni.n roduct 1s not separated from hydr.ogen sul fide

cont af ned bRt BUBEAaREEPbolis En AERENEY Qoo PONREREREIHESS The
hydr o1 eaf bfigadt @Ct 00, ok At Ay 20@: B0f draeteabiells € aloalmhs trelh@AC4AEuANEE hbgo-Col umm
6 20nmetal catalyst may be a located in a fixed bed in the hydrotreating

react or 12, anthpolyarpmatie geinpeundp dhthe dstdiyATosarbonwan@tnizhprodydmetydi® may be
dt ' : : first
byar ocar Seinafeh 5 rasagng ot EuBFdh afift Blohdf e i GERREGANG! bgen

to produ@@Di.he second hydrocarbon-containi ng product. The first

hydr ocar bon- cont aj ni}&ﬁ product may be passed through t he hydrotreatﬁijﬁr;g
reactor 12 al di§ D% hyfiqsabRB-cRYBHERRProgy& May confiin [igls metal donieal B 6

cat aljyst PANNLIIT : [ 1to 10
o1 ina "Brerarafiy G PR S RER R B Y S AP BB e
hydr ot r eatinadjumedbe dirst h¥drvagrbbe-cantginury prodygp erayeactaor lessthae DOl wigin, g - bed
reactor, or a -flow reactaor in whjch the Colum 6 petal catal yst, the
et hydocEiDbh oamel e Bt i b S PO bgeY Pk RSugh ¢ he
reactor. gl MiwpbHY 8r REs thh€ 030w hih oF iy dr ocar bon- cont ai ni ng product and
Colum 6 netal catal yst may be passed through a slurry-type reactor at a

LHSV of fromO0.5 h-1 to 10 h-1, or from1l h-1 to 5 h-1. The second
hydr gcar Qon. cont ai ni,ng. duct i.s produced by the hydrotreatnent of the
firs ghyﬁwgﬁﬁaﬁg%b}ﬁg%%aF?’l‘xmﬁ?lél&ﬂ@fqnq%@%%%’g?‘fﬁghydr ocar bon- cont ai ni ng
product, al onghaifiré @amc&wdﬁ%ﬁfab@\gplbba& iR RIrgR&eaLs réducs i sulfur,

(non- condensabl e hydrocar bons), 2012/ 078837PCT/ US2011/ 063881 hydr ogen,

and hydr GéfE®Re8And; efin ¢antenhpf thedysti dpcathogeantaiing Produsihad &2 nceashige
react or }gtio\/&fa}n{)ﬁd]%n&gi—gl% ti%?@%gg&]gd;s t%ﬁglgglﬁégag@é:h@ﬁoﬁﬁﬁPﬁe first

hydr ocar bon-contal ni ng produc Separate
non- condérga@bh®ohydiitamardmoduct ylkdogedate daycednyadriog ere f&wd ifyiddeeardon- an
enbodi ment of the process of the present invention, the effluent fromthe 5

hydr 601 e4PTALIHERIETER: i HeAlNE CenaITGRE 4 FOBIE ofof s Beringi TRIDABFHATS. ( not
shown) pfcb&?ﬂﬁrﬂi &@%@P%ké&ﬁeﬁi‘ﬂ@ “SBRANAS Hﬁ%&%&%ﬁ@%%ﬁ%&%ﬁ@&ﬂg%@ﬁf@ ning

product in the condenser 14. The secon r bon- cont-ai ni ng uct may
be conden$&dnalot08C e AR Catt apecsodre 85 Goor 3.4 8483 togt7eF MPabib pr&0&G: asedoeds, and

nost pref erab[gé at 35C.or Igss. The second hydrocar bon-cont ai ni ng product
may be cONHORYLANEPIEINRENOMNE of from 0.101 MPa to 3.4 10 MPa, and

preferably at TheRfr@3SHfRaBbonicoRMBad FrbdMras EhtdetddRRith FRtoIRmAfcahakl y at
0.101 MPa. The condensation may be effected in stages in which the

t enpab at gr@lyshahddrydseasnat the hydmtigadrgitcmpertioh agd arpesuroapashidemdie mivdngecond
hydr ocar bQn- copt.ai ni n roduct fromt non- condensabl e. gases. ndensati on
and separdts bAF R PR LaBhiElr il kb Bl AR5 TR Sl IR EReumPist ne
ef f1 uent con@mindisrobyd hetyrRatydR@reaRdby@onthtif@he #ir& hyRfREHOL-cBntaining
non- condensabl e gas ) )
product, the Column 6 metal catalyst, and the hydrogen in a hydrotreating reactor 12. The
hydrotreating reactor 12 may be maintained at a temperature of 260°C to 425°C, preferably
30  from 330°C to 400°C, and at a pressure of from 3.4 MPa to 27.5 MPa to effect the
hydrotreatment of the first hydrocarbon-containing product to produce the second
hydrocarbon-containing product. In a preferred embodiment, the first hydrocarbon-

containing product is hydrotreated at relatively low pressure, e.g. a pressure of from 3.4

MPa to 6.9 MPa, since a large majority of the sulfur and nitrogen-containing hydrocarbons
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that may be conprised of non-condensabl e hydrocarbons having a carbon
nunber from1l to 4, hydrogen, and hydrogen sul fi de. Condensed |iquid second
hydr ocar bwo-20t7883mi ng product nay be separated from t heCmars2aonedisasabl e
gas through a condenser liquid product outlet 10 and stored in a product

recei ver .18, and the non-condensabl e gas may be 20 separated fromthe
Condensed i M dgaEb R BURBE ACBH A gHE ARy 381 R dopated hr ough an
am ne or (@uafel 7dRE MERD eacBbhstR tﬁ@ﬁ‘i‘%ﬁ’l@ydf’éfé&[‘r&ﬁ%n@dﬂhiﬁ%gﬁ‘ocﬁeﬂraﬂféﬁ fuRhed

t hrough a gas product outlet 22. The second hydr ocar bon-cont ai ni ng

product ihydwemponskaying a beiting poiof gieater thegiSAE EAA0WD (rsalsnainted i ¢

hydr ocar bon conpound t. ha oi |l i,ng. poi nt of. 538C (1000QF), 250r | ess.
The. seconteiar AP ST Mok e R DS AF shlRtnREy dhastog s oriab v Ripku8 St o6 o
at most Zelwfiveély eily desuiSized akl/¥d dcirdpengted. most 1 wt. % or at nost 0.5

w.% or at nost 0.1 wt.% of hydrocarbons having a boili ng}gpoi nt of greater
t han 538C as dégérsfilydwpcpipopceniamumerrodingt mxPEMoNECHdditsBe L.olume 6second

nyar ocar BRd cana: MR RERAE TR SRR ot R B b 7o i g

product mwmixingeohai nf tHeata@sraBhy edntdcgiag thvador gpanmed fosm alie degasit 3 With gr ans
of hydrocarbons havi @g a boiling point framthe initial boiling POi nt of
c

t he seconif GYUPBLMBBhcHmttanditihyskemnct thepelepted dydropgeete) tempiaée cond
hydr ggar = i ] t13l g .1

o are or QPR SLE AR P b B D DS D T3 T VB BB ] Hor
hydr ocar boneadtavoutpt 1 boihe hgdropoatintg ehctdr N 12 @4 s§at DOk ns desited, REOLHArS00F) .

T o TG e O L b B T Ry B,
hydr ocar benagnt@a0-0 9o 30801 1 N18kaP Bk dhan &fr 15700} £ 6% the Alor BRbric? tP¥dke (RIOOF) -

The second hydrocarbon-contai ni ng product may al so 5contain, per gram at

| east 0. 3o thedydrotigating repetasl2.0. 35 grans, or at least 0.4, or at |east 0.45
grang.of hydrogar bons havi.ng.a boilin oint of from 343C (65QF) up to 538C
(1000%) . The rarargaamb RS gRhaP S lRBhe Pt kPG 1" angeand
the Dboi | inggrogam s debcaiboh Rbmpemdfthithe %@%smpn@dmr%nd@memmﬁ in
accordance wth ASTM Met hod D5307. 10The second hydrocar bon-cont ai ni ng
product dbHeaiaper 4lpag weh sha firgk hydspearhopeconiining PHRIIE G BF Bsnagentsai ni ng

feed first | ) ini T
hyar ocar SoRTded i e MtaikE0ACRARORCGORIE TURDRY Rt Ghoudiie BEERRE) o

at nost hYebatbbe-centhining godhe@nThe byst Wedi@birboi-csnthihiig profdudt hery be
hydr gcar bon- cont ai ni hg feedst ock as determ ned by ASTM Met hod D4294. The
seconf h;ﬁﬁl?aé%tﬁ‘il B‘fbtrﬂfé]%f‘n‘(aéioﬁpﬁﬁ(“l@@@agtecférﬁt W%ﬂ?ﬂ%ﬁ%taﬂm&ﬁ%‘}@%f%m&?e at

G ocar DAl e R Al KRS anes g Mo AEe RpapREhihe apordy by astm
Met hod D426lng thheapeconderhyatatocartiom 0¥hteal (PG gorgran ugiC wei°Cand ai n at nost
2000, or rg(}ucmn%st}le %Eeggdre 8{ th;éltva[r)rot%sﬁt) a:;L)(l?eOs(s)ur\év%? rt?o?rf 085j Mfyart'o 1 MPa. The
condensed first hydrocarbon-containing product may be collected as a liquid and separated
25  from the gaseous remainder of the vapor. The separated first hydrocarbon-containing
product may then be provided to the hydrotreating reactor 12, preferably after heating the
separated first hydrocarbon-containing product to the selected hydrotreatment temperature
and pressurizing the separated first hydrocarbon-containing product to the selected
hydrotreatment pressure.
30 Hydrogen may be provided for contact with the first hydrocarbon-containing
product and the Column 6 metal catalyst to effect the hydrotreating. Provided that the first
hydrocarbon-containing product is not separated from the vapor and the vapor is provided
for contact with the Column 6 metal catalyst, a portion of the hydrogen that is provided for

contact with the first hydrocarbon-containing product and the Column 6 metal catalyst may
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The second hydrocar bon-cont ai ni ng product nmay contain little nitrogen
relative to 20 the hydrocarbon-containing feedstock and the first

hydr ocar bwo-20t7883mi ng product. The second hydr ocar bon- eomitsikeniiaespr oduct
may contain at nost 40% or at nost 35% or at nost 30% of the nitrogen

cont ent ht of nitr of th carbon-cont ai ni n dst ock as
Coterm noatautiddin Deombtr FESREeS by Eaab A0 b RORAr e bR 6 pr oauat
may cont %ﬁoﬁ& dERR RAYR hQ&rodkn §RSée. %@hﬁfog%h sHt‘ﬂ%& nﬁ?%&@ﬁyd@@n ?hst rogen

content 25of the first hydrocarbon-contai'ni ng product; by weigh
ni t r ogen obtigneddtan mnwmytlmrmmmmmﬁ@ dor prh@m@b}nhtogen gas.

hydr ocar bon-c i nin oduct cant ai n. at 500, or _at no t 1000,
oy oee o s DR he P g s BB inaa P g bR ORer ey T e

hydr osar Raps: sepatatee fdndihe fréLatt3, Yo the Ay@@etetihot g tSIELDMEbugh a hydrotreating

hydr ocar bon- cont ai ni ngépr oduct relative to the first hydrocarbon-contai ni ng

product . hpaigen Bueiiline dde hlyelargeai ihnersstyrrowaborinsidadio the hydpiedangy at
| east 709, 0F 1 taAg%@g% toaéle?%t Hk@%@ ﬁ%aﬂﬁﬁﬁ f&@u&%f Skt Yo N ngiu )

accordance wt eco roca n-containing pro
rel ati ve t¢ 8510Enfint S66 iSﬂFBQO@IObO@ SCEBI) airng mgirpgsmdu@y be Mhmtdeaionad
hydr ocar bon- cont ai nj ng product may contain relatively few pol yaromati c

hydr ocar B¥frogehpytiaRCEy it g 4 MPaE& f-> Mot 6%{9’1'0(8619 pHgakREtRstaffes WO
2012/1978 ﬁoﬁ?ﬂ/ Mjﬁ% Wﬁl]thé ﬁ%(%otr@zﬂfn ekt 2 i lﬂ%”ﬁér}{)&r c%'ﬂ@ertm% thg fir t

- benzot hi ophene ative to no-aronati c roca on comnpoun
benzene hty dtogenben- cpyﬂamdngqﬁ))dmdo die-sammtddtyﬂmchgbdnco:oatahmmg podpaunds (e g

Tono ar omat | o 1§ GEOEAS B OSHEbINIE: ReanO AR Bt ReGe é@ﬁgrgmnds

in the seeahd éldm’}@%géﬁrt@@ﬁal@?@ﬁ?drﬂ!ré&m@ﬁﬂﬁlﬂ@é firge; c@@ca%(ﬁﬁ@(ﬁlttalhﬂﬂgt he second
hydr ocar bon-contai'ning product in a weight ratio reI ative to the

pol yar onM@cblchmay be ambmnvc@tmmhhﬂkot(rwng@atalysgcqrnmeleg@qutmme bangspteariac ri ng

stru ures Q ast. .5 , r t legst .6; 1. The
el atrve ameainEherShioh Colimn® il ERSH s i BlsaBba sl Sorbradlong
hydr oc ar tﬂﬁlﬂy&léﬁtu@l ftinBgeRro? & turd¥aierb6r, Bhed @remrféﬁ(tdlh‘y‘mﬁ an@&all d@ﬁipbﬂhdlson
detection-two di nensional gas 10 chr onat 0 rap (GCxCC-FI D).

second hyd@hé@amﬁ%hwnwnngﬁgtabfisb@eblﬂe HED)Y nltrauomdeﬁ,tmqﬂeme SUéfclﬁf’tSent The
second hy ‘g{jgg%ﬂ %Sctﬁﬂ%%nng ‘a‘tﬁ&uﬂ@@’thgl%gf ain less than 0.5 wppm or

| ess tha wppm o ana |um second rocar bon- cont ai ni ng product
may contain | s Qdhann 6 .netaipnilysomaly ass uﬁdlﬁ?db &e&rwmanmtalnseléméd frdhe second
hydr gcar hon- cont ai_ni ngsfpr oduct may 15contain less than 0.2 wppm of iron.

The pPoc&sdumsns {18 opfedenedicnlibla drsanipayndseherrple direlgried CoBmitm&d dnt i al
per i od Ofydid1TthaPhad bEQ hk A4fe R;qu%%%u@o&h 9%93:&&%3@%%& nidkePR{d iripGaUSE

t he process generates e or no co car bon- cont ai ni ng

f eedst oc Icpmmymcbgmeofaﬁﬂlet@cdmmg ématall daiadisst nay al;se icdndd atGohnairyli)element
intermttentl r ov o the m xin on in e reactor for .m xi ng
20w th ¢ 16 AR RTUEe RS DGR i Mg T £10patn |3 FPERE ! il e
hydr ocar Qt‘tlﬂzatﬁ)(ﬂ% @ﬁéﬁ}lﬂgotf‘e%ﬁﬂ§ E&Qﬂ&sﬂ i8 p]%s@ﬂbt%ﬁ@ oP4 p@osbﬁt@uetorﬁtmtngast 400
kg/hr per n8 of the rixture volue as defined above, and m xed i'n the

m xi AB§ zep@peuet a tenperature of from 375C-500C and a pressure of from 6.9
Bl 40 hours Qor at _lea or

at 1 east 250 bR tap B Bl pofARh € ol o BhuBbot BB BT pRR
gener at e the Column 6 metal or a compound thereof is dispersed or within which the Column 6
metal or compound thereof is intercalcated. The support material may be a porous
refractory oxide or an activated carbon material. The support material may be selected
30  from the group consisting of alumina, silica, silica-alumina, titania, silica-titania, zirconia,
silica-zirconia, magnesia, silica-magnesia, carbon, and mixtures thereof. A preferred
support material comprises alumina, and preferably contains gamma-alumina.

The supported Column 6 metal catalyst may have a pore structure selected for

hydrodesulfurization, hydrodenitrogenation, and/or hydrodearomatization. The supported
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25 the vapor conprised of the first hydrocarbon-containing product and the
hydr ocar bon- depl eted feed resi duum as descri bed above. The vapor conprised
of the fiwetotedssscar bon- cont ai ni ng product may be cont iPOUAIS301/063881
intermttently separated fromthe m xing zone 1 and the reactor 3 and

subsequently hydrotreated in_the hydrotreating reactor. 12 to produce the
Socond FanibRa bR caRa o g Ve C v Rer B Gmpdal e e

30per i od iditn foheahfli@ SRHBANT IR ARG IRAMSLARK. oPBBnARI(Hsiroms to

nmet al - cont ai ni ng catal yst, hydrogen, and hydrogen sulfide, if any, are

m xed i n26Aengitonngaydataninediryenbrchiydrarsandson - BeruaperiaddCdlamd $t metk]

hydr ogen, and hydrogen sul fide. may. be Ql end ] t hydr ocar bon-.depl et ed
foed ooicabi BRnAG Bt oize o8 Sptb Pt fdeatlidy pEfe Y RGBTt

2012/ §7833taRG s \doR@ kb KO BSB haNiiid m?o@mﬁnétem‘ootahgstﬁmw@qe@f otdm® tine
period of the reaction as needed. In a preferred enbodi nent, fresh

hydr ocar B8&stEamt il np detcasaisted by, MTPHRgERmedYd hydr ogen sul fide are

provi ded conti e.. [ Xi i . | of the
e por od t ALCRaTty 5nd:d et Py BeLp@HSE SRR ERNV AR ¢ e mi'xi ng
zone 1 coftioneaitg gatadystdi Fdrexpipleenthisabveimhdreiatly aeaip@ld Ocuinhes pe@cess i s
run by separating a bleed stream 25 of the hydrocarban-containing feed

r esi duumchiabitt HN0Q; fgjckedmeolybdenym qagal yss gxdilspledrom LRI {GritgriohdnGol i ds from
t he Qbeeqhﬁ&?ﬁa@ég@‘@§p separator 18, and recycling the bleed streamfrom
whi ch 't he solids have been renoved back into the mxing zone 1 via recycle
inlet 24 as dd¥eGdhedn ammed.catblykonfagde Isulfidbe tceadiietteehe eadests tThadiohgniof t he

present invention, the fol|ow. ng exanples of certain aspects of some

P rbod meriei RS gy tegu KB o ST W 151 T eC e ead o
limt, onyaglt g aSEARE the i his@fide] e §ERRGoRhintMpiduiyention is
to be de irned Eygp%shleggl ai rrsng;%ap?engec;wh(ggréetso. ' I%XAI\/PLE 1 %SKnnﬂg%ﬁ}q;ci dic

t hi omet alhlydrogarban avsrshe easalysisprefaiably pr dwewpsragiretof &opy ¥Eero 2bMenktieon

Com 3801 D R R S T oM LML Y B SRRER B D™ e
CuMbCu  SBéntacting the Column 6 metal catalyst with the vapor separated from the reactor 3, where
the first hydrocarbon-containing product is not separated from hydrogen sulfide contained
in the vapour after separating the vapor from the reactor 3.
The hydrotreating reactor 12 may be a fixed-bed catalyst reactor and the Column 6
20  metal catalyst may be a located in a fixed bed in the hydrotreating reactor 12. The first
hydrocarbon-containing product and hydrogen may be passed through the fixed Column 6
metal catalyst bed to contact the first hydrocarbon-containing product, the Column 6 metal
catalyst, and hydrogen to produce the second hydrocarbon-containing product. The first
hydrocarbon-containing product may be passed through the hydrotreating reactor 12 along
25  with the hydrogen over or through the fixed Column 6 catalyst bed at a liquid hourly space
velocity (LHSV) of from 0.5 h'to 10h™, and preferably at an LHSV of from 1 h'to5h”.
Alternatively, the hydrotreating reactor 12 may be a slurry-type reactor, an ebullating-bed
reactor, or a plug-flow reactor in which the Column 6 metal catalyst, the first hydrocarbon-
containing product and hydrogen flow together through the reactor. The mixture of the
30  first hydrocarbon-containing product and Column 6 metal catalyst may be passed through a
slurry-type reactor at a LHSV of from 0.5 h™ to 10 h™, or from 1 h™ to 5h™.
The second hydrocarbon-containing product is produced by the hydrotreatment of
the first hydrocarbon-containing product. The second hydrocarbon-containing product,

along with any hydrocarbons that are gaseous at STP (non-condensable hydrocarbons),
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(XV) 201199 grans of Cu504 was m xed with sufficient deionized water to
make a 2 liter solution. Separately, 520.6 grans of (NH4)2MbS4 was m xed in
3.5 literwoab12desssni zed water to form an aqueous sol uti @0T/Ushe 1063581
solution was heated to 85C, then the (NH4)2M)S4 sol uti on was transferred
into the at ed 04 sol ut hrou an injec Ie aver a i od of
4 hour o ARSSE i Ayl e AR LA B LE GrevR R e Cha e B R A

(NH4) 2MDS4, 2RSHY ttd QdéRet NewhsRIAHe QEald h§@oU&rb@tﬂcM‘fﬁ§mﬁ@'ﬂ%b@ﬁc@ maly R

m xture was stirred for an additional 4 hours at a tenperature of "from
85- 93C. Aduldeniseshanif separeted ka4) 2ibSndsotabla lprrecartidne, tydaaged, d30dragen ut i on

and subse nt . stirr was nduct ed.under a nitroge her The
esul t1 ng iR O bGP pyR R IRT RERES iRl Qubt R TauPT FPEUER 2t r oom
t enpepsat kiyerodéeind 1@hdtor Th@a bl tsdedaSorehs mdie héz{tle&mge@:gn&%ﬁ@@@ fréor
separate the 30solid thionetallate catalyst as a red e fromthe

sol ut i on.to fpElessng and sepamsng Fhea&e@OI@thélF%qund@th&HmQﬂ@qind@ SHASRSET wat er

2012 o7ad7re e R RN Be Blo b Ge TR Ceon s piemmenitieiag ol

t hi onet algsat er ey, plefehblyeS0er balesyyaad hedt mefcrabl MBI Oror Tesslaybe soeded 29 Hg
vacuumto dry the catalyst. Just qver 409 & of the solid thionetallate
cat al yst hwéfsocar@eweméﬂnngsaﬁﬂuﬁ R hercanrgnsedpin PratRuERdEPe Q01 R to 3.4

t hi t al Cu
55, 690N, 1o S PEE T (FRIAUREOL R EIEUETRE, MBS Tyt PRy 60 HO1

t hi onmet alMEd. eTleatcadyisshiticomap $e eifectedraystipes dewhrcﬁlbhaﬂteameﬂuﬁwh%ﬂz@ssm pper

t et r at hi onol ate at al ysts havi sub antla t he. sane osition as
he. cat aRGUEREa DO OB TR BF raa s Gora DT shSens R90es BPRUIO t o 80

[tnmol  of n@ﬁrggﬂd@lsgﬁ§g§5@§d per gram of catal yst as determ ned by ammoni a
chem sorption. The thionetallate catalyst was particul ate having a bi nodal
partl cI e size Cmde@anmband s@pamnomo&thn@@g@nééawdﬁocar@omcz@tamﬁngmdrrtqt f®m node of

e.Size of .t he second.nbde o 0 m.crons as
PRy i M S BB S AR M R et i e S SR G
| nst r unemk malfe Bmbrised dfats - @fnaans@fﬂethlsvardcb]ﬂb@ﬁ@hzahﬁga{i €arbéd AliBdr S 1
measured and found to be 113 n2/g. The pore volume of the thionmetallate

cat al yst QAshydsesed. ansl lw@rqgemsvlf@ﬁs/%olﬁiﬁaﬁeﬂﬁélumpw hyskrecaghoarkonErinisg a pore
15d t
size 1! 'é)?&ducpfﬁ%\ﬂf Bg séi;fara&{liefr% e Y5t c&%néa%ﬁ[ﬁe}ﬁgﬁgq 2 0o RRASY 'ilagﬁs Cribution

Determ nation o e surtace area, pore vo ore size

was ef f epir@tlictisitieg10 echstogpdes a pedtlicsteesiveis, hnMEMbh/ebthm& 03 angdbASTM
Met hqd D4641. X—ra diffractign and Raman | R spect rosco confirmed that at
| eastVa ﬁ%l?atrﬁ‘tﬁ‘ﬁ Tgfl @ﬁéoqqﬁpﬁﬁﬁéf‘élllllo}igléaéa@ QPWS%%? il P P dwhi ch

copper, Sl an Afhe TR LY RASIUTLYE 2D (B 1ERNIG dRSeeR QMM R FROIMER it &)oh
above. 20 EXAMPLE 2

a gas product outlet 22.
The second hydrocarbon-containing product is comprised primarily of non-residue
and non-asphaltenic hydrocarbon compounds that have a boiling point of 538°C (1000°F)
25  orless. The second hydrocarbon-containing product may contain less than 3 wt.%, or at
most 2 wt.%, or at most 1.5 wt.%, or at most 1 wt.%, or at most 0.5 wt.%, or at most 0.1
wt.% of hydrocarbons having a boiling point of greater than 538°C as determined in
accordance with ASTM Method D5307. The second hydrocarbon-containing product may
contain VGO hydrocarbons, distillate hydrocarbons, and naphtha hydrocarbons. The
30  second hydrocarbon-containing product may contain, per gram, at least 0.05 grams, or at
least 0.1 grams of hydrocarbons having a boiling point from the initial boiling point of the
second hydrocarbon-containing product up to 204°C (400°F). The second hydrocarbon-

containing product may also contain, per gram, at least 0.1 grams, or at least 0.15 grams of
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Bi tunmen from Peace Ri ver, Canada was sel ected as a hydrocarbon-cont ai ni ng
feedstock to be processed according to the process of the present

i nvent i orwOTRhe/(Pes3ce R ver bitunen was anal yzed t o det ePgiTuS2011963881
conposition. The properties of the Peace 25Ri ver bitunen feedstock are set

IR MR sk el N R
0. 37 Sul foponWyd Pt aBoRLomdl ity pro@ii: @ty d14d &)‘ﬂ%ﬂ%ﬁ'?aﬁg}\é{ RGst®. BOdrthin@%rPOI Nt
of 482C or greater relative to total Sulfur content (%

at least 0.3 grams, or at least 0.35 grams of hydrocarbons having a boiling point of from

260°C (500°F) up to 343°C (650°F). The second hydrocarbon-containing product may also

5  contain, per gram, at least 0.3 grams, or at least 0.35 grams, or at least 0.4, or at least 0.45

grams of hydrocarbons having a boiling point of from 343°C (650°F) up to 538°C

(1000°F). The relative amounts of hydrocarbons within each boiling range and the boiling

range distribution of the hydrocarbons may be determined in accordance with ASTM

Method D5307.

10 The second hydrocarbon-containing product contains little sulfur relative to the
hydrocarbon-containing feedstock and the first hydrocarbon-containing product. The
second hydrocarbon-containing product may contain at most 5%, or at most 2.5%, or at
most 1% of the sulfur content, by weight of sulfur, of the hydrocarbon-containing
feedstock as determined by ASTM Method D4294. The second hydrocarbon-containing

15  feedstock may contain at most 10%, or at most 5%, or at most 2.5% of the sulfur content of
the first hydrocarbon-containing product, by weight of sulfur, as determined by ASTM
Method D4294. The second hydrocarbon-containing product may contain at most 2000, or
at most 1500, or at most 1000 wppm of sulfur.

The second hydrocarbon-containing product may contain little nitrogen relative to

20  the hydrocarbon-containing feedstock and the first hydrocarbon-containing product. The
second hydrocarbon-containing product may contain at most 40%, or at most 35%, or at
most 30% of the nitrogen content, by weight of nitrogen, of the hydrocarbon-containing
feedstock as determined by ASTM Method D5762. The second hydrocarbon-containing
product may contain at most 50%, or at most 40%, or at most 30% of the nitrogen content

25  of the first hydrocarbon-containing product, by weight of nitrogen, as determined by
ASTM Method D5762. The second hydrocarbon-containing product may contain at most
1500, or at most 1000, or at most SO0 wppm of nitrogen.

Basic nitrogen-containing hydrocarbons may be significantly reduced in the second
hydrocarbon-containing product relative to the first hydrocarbon-containing product. Basic

30  nitrogen-containing hydrocarbons may be reduced by at least 70%, or at least 75%, as
determined by measuring basicity in accordance with ASTM D2896, in the second
hydrocarbon-containing product relative to the first hydrocarbon-containing product.

The second hydrocarbon-containing product may contain relatively few

polyaromatic hydrocarbon compounds containing three or more aromatic ring structures
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65 N ckel (wppm) 70 Vanadi um (wppm) 205 microcarbon residue (mt.% 12.5 C5
asphaltenes (wt.% 16.2 C7 asphaltenes (wt.% 10.9 density (g/m) (15.6C)
1. 01 vi scwei2012/@88338C (cSt) 8357 API Gavity (15.6C) 8. BCTAN2EH1(0683M D664)
(mg KOH/ g) 3.91 Boiling Range Distribution

(e.g. anthracene, phenanthrene, di-benzothiophene) relative to mono-aromatic hydrocarbon
compounds (e.g. benzene, toluene, pyridine) and di-aromatic hydrocarbon compounds (e.g.
naphthalene, benzothiophene, bi-phenyl, quinoline). The combined mono-aromatic
hydrocarbon compounds and di-aromatic hydrocarbon compounds in the second
5  hydrocarbon-containing product may be present in the second hydrocarbon-containing

product in a weight ratio relative to the polyaromatic hydrocarbon compounds (containing
three or more aromatic ring structures) of at least 4 : 1, or atleast 5 : 1, or at least 6: 1. The
relative amounts of mono-, di-, and polyaromatic compounds in the second hydrocarbon-
containing product may be determined by flame ionization detection-two dimensional gas

10 chromatography (GCxGC-FID).

The second hydrocarbon-containing product may contain little metal content. The
second hydrocarbon-containing product may contain less than 0.5 wppm, or less than 0.3
wppm of vanadium. The second hydrocarbon-containing product may contain less than 0.3
wppm, or less than 0.2 wppm of nickel. The second hydrocarbon-containing product may

15  contain less than 0.2 wppm of iron.

The process of the present invention may be effected for a substantial period of
time on a continuous or semi-continuous basis, in part because the process generates little
or no coke. The hydrocarbon-containing feedstock, hydrogen, and hydrogen sulfide may
be continuously or intermittently provided to the mixing zone 1 in the reactor 3 for mixing

20  with the non-acidic metal-containing catalyst, preferably where the hydrocarbon-
containing feedstock is provided at a rate of at least 400 kg/hr per m’ of the mixture
volume as defined above, and mixed in the mixing zone 1 at a temperature of from 375°C-
500°C and a pressure of from 6.9 MPa — 27.5 MPa for a period of at least 40 hours, or at
least 100 hours, or at least 250 hours, or at least 500 hours, or at least 750 hours to generate

25  the vapor comprised of the first hydrocarbon-containing product and the hydrocarbon-
depleted feed residuum, as described above. The vapor comprised of the first
hydrocarbon-containing product may be continuously or intermittently separated from the
mixing zone 1 and the reactor 3 and subsequently hydrotreated in the hydrotreating reactor
12 to produce the second hydrocarbon-containing product over substantially all of the time

30  period that the hydrocarbon-containing feedstock, non-acidic metal-containing catalyst,
hydrogen, and hydrogen sulfide, if any, are mixed in the mixing zone 1. Fresh
hydrocarbon-containing feedstock, hydrogen, and hydrogen sulfide may be blended with

the hydrocarbon-depleted feed residuum and non-acidic metal-containing catalyst in the
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Initial boiling point - 204C (400F) (wt.% [Naphtha] 0 204C (400F) - 260C
(500F) (wm.9% [Kerosene] 1 260C (500F) - 343C (650F) (Wwt.% [Di esel] 14
343C (650MP 20123B8837( 1000F) (wt. % [VQ0] 38 >538C ( 1000FpcChmts2641/0pResi due]
47 Two sanpl es of Peace River bitunen feedstock were catalytically
hydrocracked utilizing the co r tetrathi | ybdat e catal yst prepared in
Exanpl o 1XING 400¢ h OUSHIRF §ovree & o HPEReReR oh et BRORER fecde e Tpb RSk Ry or

bi t unen feﬁ%dﬁﬁ’éﬁl@,'fﬁ‘eslni"%ﬁ%@E%@ﬁ%@&aﬁ&gﬁfgg’dsﬁ%&kﬂﬁicﬁb%n}315913@9&& stifflelPe gal I on

feed drum from which t I tunen was into a sem -conti nuous stirred

t ank r eaprorded contivapoly tefthd meving zensabdver syhstantiel e all hethe ¢ pariodale an

i nternal vol.upe i .0of 1000 cnB. .The reactor was.,operated in a

cont 1 naotEetiBhS SRBRS: SEEgtery B ralsn Ftfn R He ARR 1 BRGRRE L o,

ef fl ugnt ilﬂéﬁﬁu@ﬁt_ly S@neneaime poieod tﬁ@@fd&éssﬁ@dhﬁbﬁ@baﬂaﬁﬁg HBRed sREREAS SF flRAM t O
renmove accunul ating netals and/or carbonaceous solids. Each feed sanple was

fed to thydiosydpaonginysiged raskstup fremithe Mixieg kened and) thereagor fasmovingt he

react or ' | 0Q:. VO ' act or
wao et il AEES FEhTE Bk 3Gl bR Ea s HBE IO Bl Bt 005 o1
oi | feed wiicpthe 8sli@Hage bpaedmooad bakligto. th&Mixgngasneof viahecyepprRrt 24 as

tetrathi om)l%bdate catal yst prepared in 15 Exanple 1 was m xed with each

resp/ecti\ﬂéSGF 6¢122%%epl e in the reactor. Hydrogen was fed WO
20124/Q78837P : : : 42
é@ C-'i’(oqg’glﬂga# D3RS %aaefq%tgmﬁg% 'Ef’lﬁlteﬂ)rres@ﬁt 1ﬁv&%ﬂtﬁ‘ﬁ’, ﬂl@tfﬁld%mgé%aerﬁ@eg

standard liters per hour, an rogen partial pressure 1nt eact or
was mai ntodiicegdinaaspctd dVPson{el 8GPogisiegds drorgivhre flnrst wageshosbinpieefadlioding
examples be read to limit, or define, the scope of the invention. The scope of the invention
is to be defined by the claims appended hereto.
EXAMPLE 1
15 A non-acidic thiometallate catalyst for use in a process of the present invention

containing copper, molybdenum, and sulfur was produced, where at least a portion of the

catalyst had a structure according to Formula (XV).

S S S
~ N e -~

Cu u
DN

(XV)

20 1199 grams of CuSO4 was mixed with sufficient deionized water to make a 2 liter solution.
Separately, 520.6 grams of (NH4)2MoS4 was mixed in 3.5 liters of deionized water to form
an aqueous solution. The CuSQy, solution was heated to 85°C, then the (NH,4),MoS,
solution was transferred into the heated CuSQO, solution through an injection nozzle over a
period of 4 hours while stirring the heated solution. After the addition of the (NH4).Mo0S4

25  solution to the heated CuSO; solution was complete, the mixture was stirred for an
additional 4 hours at a temperature of from 85-93°C. Addition of the (NH4),MoS, solution
to the heated CuSQ, solution and subsequent stirring was conducted under a nitrogen
atomosphere. The resulting dark red slurry was then allowed to settle under nitrogen at
room temperature overnight. The slurry was then centrifuged at 12000G to separate the

30  solid thiometallate catalyst as a red sludge from the solution. The solid thiometallate

catalyst was washed with deionized water until the conductivity measurements of the wash
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at 9.0 MPa (1304 psig) for the second feed sanple. Hydrogen sulfide was fed
to the reactor at a flow rate of 210-310 standard liters per hour, and the
hydr ogen wol2hixdesgsarti al Spressure in the reactor was meChius2eed6is81 3. 7 MPa
(531 psig) for the first feed sanple and at 4.1 MPa (597 psig) for the
second feed sanple, The total pressure in the reactor was nmintained at

13,1 MPa AR HRIchy O 88 haking e miNamnlid hiometaHie 6N A Mpueaial MaRhFaiee vias
oI it al nedsRe A0 GLERIRLdorld FRuRTh gAPME calBE LA QPR o BE TR, T eed
y I t ys Xe

sanpl e, rogen, drogen”s e an e caral Wer e together in

t he reactigibnligicicarly3gwas tddoverdd) Semhioplaauetika XiRIEadRatvAGNADR VE(T)

i npel l er, where the inpeller was driven at rpmor higher. e

i |1 wh he i |1 dri 1200 hi gh Th

t enper at fHETCRIAKRE g@yiar Ol ptCaiRE HNaat 7o T % he
thienerllpleatabne eaHaineds slearane magt ©42sis Whtk Gy ap 6 Mk ithd %

firstzfe I 7 6 r I L.sanpl e.
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and sepamadydst des@ihetilne CualdosS z eGopmped ticthibyolybdse ngralyks haeipgrsulzeahtipipduct
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area, pore volume, and pore size distribution was effected using techniques consistent with

ASTM Method D3663 and ASTM Method D4641. X-ray diffraction and Raman IR

spectroscopy confirmed that at least a portion of the thiometallate catalyst had a structure

in which copper, sulfur, and molybdenum were arranged as shown in Formula (XV) above.
20

EXAMPLE 2

Bitumen from Peace River, Canada was selected as a hydrocarbon-containing
feedstock to be processed according to the process of the present invention. The Peace
River bitumen was analyzed to determine its composition. The properties of the Peace

25 River bitumen feedstock are set forth in Table 1:
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47.46 Liquid Recovery,
(15.6C) 20.1 Kinematic viscosity,

wt.%83.1 Density, g/cnB (15.6C) 0.9331 API

cSt (200 27.48 HC atomc ratio 1.58

Gavity

Car bon combent2/078437% 84. 72 Hydrogen content, wt. % 11. 26 PHirtusegensisent ent ,

w.%0.31 Sulfur content, wt.% 3.45 Sul fur

10

15

content in

TABLE 1

Property Value
Hydrogen (wt.%) 10.1
Carbon (wt.%) 82
Oxygen (wt.%) 0.62
Nitrogen (wt.%) 0.37
Sulfur (wt.%) 6.69
Sulfur content in compounds having 65
a boiling point of 482°C or greater relative
to total sulfur content (%)
Nickel (wppm) 70
Vanadium (wppm) 205
microcarbon residue (wt.%) 12.5
CS5 asphaltenes (wt.%) 16.2
C7 asphaltenes (wt.%) 10.9
density (g/ml) (15.6°C) 1.01
viscosity at 38°C (cSt) 8357
API Gravity (15.6°C) 8.5
TAN-E (ASTM D664) (mg KOH/g) 3.91
Boiling Range Distribution
Initial boiling point - 204°C (400°F) (wt.%) [Naphtha]
204°C (400°F) - 260°C (500°F) (wt.%) [Kerosene] 1
260°C (500°F) - 343°C (650°F) (wt.%) [Diesel] 14
343°C (650°F) - 538°C (1000°F) (wt.%) [VGO] 38
>538°C (1000°F) (wt.%) [Residue] 47

Two samples of Peace River bitumen feedstock were catalytically hydrocracked
utilizing the copper tetrathiomolybdate catalyst prepared in Example 1. In each catalytic
hydrocracking treatment, the Peace River bitumen feed sample was preheated to
approximately 125°C-150°C in a 10 gallon feed drum from which the bitumen was fed into
a semi-continuous stirred tank reactor with vapor effluent capability, where the reactor had
an internal volume capacity of 1000 cm’. The reactor was operated in a continuous mode
with respect to the bitumen feedstream and the vapor effluent product, however, the reactor
did not include a bleed stream to remove accumulating metals and/or carbonaceous solids.
Each feed sample was fed to the reactor as needed to maintain a working volume of feed in
the reactor of approximately 500 ml, where the working volume in the reactor was
maintained utilizing a s gamma Ray level detector coupled to hot oil feed pump
variable speed controller. 50 grams of the copper tetrathiomolybdate catalyst prepared in

Example 1 was mixed with each respective feed sample in the reactor. Hydrogen was fed

56



hydr ocar bon conpounds having a boiling point
sul fur content (% 86 N ckel content, ppnmw 0.2 Vanadi um content,

t ot al

0.4 |ron wonoent7sssppnmw <0. 2 BO LI NG RANGE DI STRI BUTI ON, PEiIrmusha@tsa3ss1
distillation as per ASTM D5307 Initial BP-204C 8.5 204C 260C 10.5

260C-343C 31.0 343C %38C 48. 5 3?{

10

15

20

25

to the reactor at a Tlow rate of 64 g 912 standard liters per hour, and the hydrogen partial
pressure in the reactor was maintained at 9.4 MPa (1369 psig) for the first feed sample and
at 9.0 MPa (1304 psig) for the second feed sample. Hydrogen sulfide was fed to the
reactor at a flow rate of 210-310 standard liters per hour, and the hydrogen sulfide partial
pressure in the reactor was maintained at 3.7 MPa (531 psig) for the first feed sample and
at 4.1 MPa (597 psig) for the second feed sample. The total pressure in the reactor was
maintained at 13.1 MPa while hydrocracking each sample, and the total gas flow rate was
maintained at 950 standard liters per hour. The individual bitumen feed sample, hydrogen,
hydrogen sulfide and the catalyst were mixed together in the reactor by stirring with a
Autoclave Engineers MAGNADRIVE® impeller, where the impeller was driven at 1200
rpm or higher. The temperature in the reactor was maintained at 428°C when
hydrocracking the first feed sample and at 426°C when hydrocracking the second feed
sample. Vaporized product exited the reactor, where a liquid product was condensed and
separated from the vaporized product by passing the vaporized product through a high
pressure separator and then through a low pressure separator to separate the liquid “first
hydrocarbon-containing product” from non-condensable gases, where the condensation and
separation was effected at a temperature of from 80-85°C to avoid condensation of
hydrogen sulfide with the first hydrocarbon-containing product. The reaction was halted
when the magnetic coupling of the internal mixer magnet with the external driven magnet
was broken due to accumulated solids in the reactor.

The first hydrocarbon-containing product samples were then mixed together and
homogenized. The homogenized liquid was split into two aliquots. The first aliquot was
tested analytically to determine properties of the homogenized “first hydrocarbon-

containing product” samples. Properties of the homogenized “first hydrocarbon-containing

product” collected from the hydrocracking of each feed sample are provided in Table 2.
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1.5 As shown by conparing the properties of the feedstock from Table 1
with the Sproperties of the first hydrocarbon-containing product from Tabl e
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As shown by comparing the properties of the feedstock from Table 1 with the

properties of the first hydrocarbon-containing product from Table 2, the hydrocarbon

boiling range of the first hydrocarbon-containing product is shifted significantly lower than

hydrocarbon boiling range of the feedstock, the viscosity and density of the first

hydrocarbon-containing product are significantly lower than that of the feedstock, and the

API gravity of the first hydrocarbon-containing product is significantly higher than that of

the feedstock. Further, a significant portion of the sulfur in the first hydrocarbon-

containing product is contained in compounds that have a boiling point less than 343°C,

which are likely easier to hydrodesulfu

rize than sulfur-containing heteroatoms having a

higher boiling point, at least in part due to the generally smaller size of the lower boiling

compounds. The yield of liquid hydrocarbons relative to the carbon content of the bitumen
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WD 2012/ 078837PCT/ US2011/ 063881 TABLE 3 2nd Hydrocar bon- Cont ai ni ng Product
Li qui d Recovery, w.% 96.7 Density, g/cnB (15.6C) 0.8879 APl G avity
(15.6C) 2¥020Kya1888at i c vi scosity, cSt (20C) 13.53 H C aromius201aosissl. 70
Carbon content, wt.% 87.23 Hydrogen content, wt.% 12.44 N trogen content,
W % feedstock in the first hydrocarbon-containing product is above 80%, and would likely be
above 90%, if hydrogen sulfide were removed from the vapor by scrubbing the vapor in an
amine separator and the scrubbed vapor was condensed at a temperature of from 5-10°C or
below to capture the lower boiling hydrocarbons that are liquid at STP.
5 The second aliquot of the homogenized first hydrocarbon-containing product was
hydrotreated in a fixed bed reactor separate from the hydrocracking reactor in which the
first hydrocarbon-containing product was produced. DN-200, a catalyst formed of nickel
and molybdenum supported on an alumina support available from Criterion Inc., was
loaded in the catalyst bed of the reactor. Hydrogen and the second aliquot of the
10 homogenized first hydrocarbon-containing product were fed through the fixed bed reactor
and contacted with the DN-200 catalyst at a weighted average bed temperature of 371°C
(700°F). The first hydrocarbon-containing product was fed through the fixed bed reactor at
a liquid hourly space velocity of 1 h'. Hydrogen was fed through the fixed bed reactor at a
hydrogen/oil ratio of 3000 SCFB. The total pressure in the fixed bed reactor was
15  maintained at 6.9 MPa (1000 psig). The hydrotreated “second hydrocarbon-containing
product” was then collected at the outlet of the fixed bed reactor.
The average liquid mass yield of second hydrocarbon-containing product relative to
the first hydrocarbon-containing product feed in the hydrotreating step was 96.7 wt.%, and
the hydrogen consumption was 700 to 750 SCF per barrel of the first hydrocarbon-

20  containing product feed input into the fixed bed reactor. The properties of the second

hydrocarbon-containing product were analyzed, and are shown in Table 3.
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0.11 Sul fur content, wt.%0.17 Sul fur content in hydrocarbon conpounds

having a boiling point Iess than 343C relative to total sulfur content (%
48 N ckelwoant2amsg37ppnw <0. 2 Vanadi um content, ppnmw 0. 3PCTAIS2€I0/063381 |
<0.2 BO LI NG RANGE DI STRIBUTION, Sinulated distillation as per ASTM D5307
Initial BP-204C 10.5 204C-260C 14.2 1%?1985%43(3

10

15

2nd Hydrocarbon-Containing Product

Liquid Recovery, wt. % 96.7
Density, g/cm” (15.6°C) 0.8879
API Gravity (15.6°C) 27.9
Kinematic viscosity, ¢St (20°C) 13.53
H/C atomic ratio 1.70
Carbon content, wt. % 87.23
Hydrogen content, wt. % 12.44
Nitrogen content, wt.% 0.11
Sulfur content, wt. % 0.17
Sulfur content in 48

hydrocarbon compounds
having a boiling point

less than 343°C relative

to total sulfur content (%)

Nickel content, ppmw <0.2
Vanadium content, ppmw 0.3
Iron content, ppmw <0.2
BOILING RANGE

DISTRIBUTION, Simulated
distillation as per ASTM D5307

Initial BP-204°C 10.5
204°C-260°C 14.2
260°C-343°C 29.6
343°C-538°C 45.5
538°C+ 0.2

The second hydrocarbon-containing product produced by hydrotreating the first
hydrocarbon-containing product contains substantially less sulfur and nitrogen than the
bitumen feedstock and the first hydrocarbon-containing product. As shown by comparing
the sulfur content of the second hydrocarbon-containing product in Table 3 relative to the
sulfur content of the bitumen feedstock and the first hydrocarbon-containing product in
Tables 1 and 2, respectively, the second hydrocarbon-containing product contains 2.5% of
the sulfur of the bitumen feedstock and 4.9% of the sulfur of the first hydrocarbon-
containing product, on a weight basis. As shown by comparing the nitrogen content of the
second hydrocarbon-containing product in Table 3 relative to the nitrogen content of the
bitumen feedstock and the first hydrocarbon-containing product in Tables 1 and 2,
respectively, the second hydrocarbon-containing product contains 30% of the nitrogen of
the bitumen feedstock and 35.5% of the nitrogen of the first hydrocarbon-containing

product, on a weight basis.

60

ppmv



29. 6 343C-538C 45.5 538C+ 0.2 The second hydrocarbon-contai ni ng product
produced by hydrotreating the first 5hydrocarbon-contai ning product
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sul fur content_of the_ second hydrocarbon-containin roduct ..in Table 3
ol ati ve ot HEeSEAPE NS AGRRCR CoR A BPtar o anhd SR G Tess 1 r ot

hydrocarQﬁﬂﬂﬁ&ﬁ%ﬁ&Hkk@mH&P@MQﬁnh@nF&B&%&glcéﬁﬂm%¥aﬁ€%R%ﬁ§&Mﬁ&ﬁofﬁﬁﬁ second
hydr ocar bon- cont ai ni ng product contains 2.5% of the sul fur of the bitunen

f eedst ockecomd hyd@auddnichetagung pnodedt withethe inregals bgndens o thedntumeo ieealisiockg

Phe secold QAN oesd borarenis b EPe RuCTRO b Al ROEuaRTRES

ni t r ogen % enieRan&fiuthkenteht sMBRObIERESIead oA Py Waeshh;i dndicontains less than
hydrocarbon-conta|nkggsproduct in Tables 1 and 2, respectively, the second

hydr ocar Bet$% 6hthainiikageqniesd t the dikman fecdsook.db weighti t rogen of 15t he
bitumen f eedst—[%(e‘ i@e@o%ﬂ&?érog%g{n—,cggtﬁingﬂgt,\érlggﬁ{l cglfét%%ngea l&f&%ﬁ}oporﬁon of the

hydr ocar bon-contarni n r
2012/ 0788arbBa:T8 1L82 0doht £162B8i8 khel bieursacfeadstdukd rihe anthon révtdi yieldds gipedigdt al so
contains substantially | ess vanadi um and nj ckel than the bitunen feedstock.

Conpar i n¢® PhEVeReTedter &t &att Vieo-triendbe Brrhydras bl sIiaBstraPHiIchls pr oduct
i th{fh ' o |
w thiphe S%ﬁéé E&HM&%&@%%?% ({ggée%%% cBROSE %K]f(be gaér(?é, %%he} 3R Gron

respectiv , the secon on-cont al ni ng stock contains 0.15 5%
of the va0¥di8H1Q,ooittbatirsohydroearbon-ooremningguisdwec ks, ndo yepaeatgrhfromahel vapont ai ns

s e SHSh o0 St LS L RO LSSt oty Bl S
ty |h2| galr gqgiosg%?eg%ﬁl H§ARScaIRRHin 18wkhBoiRh$ BBk eQdSIOBkhe JilEn&Afbodkecovery
and has substantially less sulfur, nitrogen, and metals content than the bitumen feedstock.
15 The present invention is well adapted to attain the ends and advantages mentioned
as well as those that are inherent therein. The particular embodiments disclosed above are
illustrative only, as the present invention may be modified and practiced in different but
equivalent manners apparent to those skilled in the art having the benefit of the teachings
herein. Furthermore, no limitations are intended to the details of construction or design
20  herein shown, other than as described in the claims below. While compositions and

2% <

methods are described in terms of “comprising,” “containing,” or “including” various
components or steps, the compositions and methods can also “consist essentially of” or
“consist of” the various components and steps. Whenever a numerical range with a lower
limit and an upper limit is disclosed, any number and any included range falling within the

25  range is specifically disclosed. In particular, every range of values (of the form, “from a to
b,” or, equivalently, “from a-b”) disclosed herein is to be understood to set forth every
number and range encompassed within the broader range of values. Whenever a numerical
range having a specific lower limit only, a specific upper limit only, or a specific upper
limit and a specific lower limit is disclosed, the range also includes any numerical value

30  “about” the specified lower limit and/or the specified upper limit. Also, the terms in the
claims have their plain, ordinary meaning unless otherwise explicitly and clearly defined

by the patentee. Moreover, the indefinite articles “a” or “an”, as used in the claims, are

defined herein to mean one or more than one of the element that it introduces.

61



to be even greater, e.g at least 90% when the first hydrocarbon-contai ning
product is 10separated from non-condensabl e gases at tenperatures from
0C-50C, rwioher2za7gssn from 80C-85C, or if the first hydroearhiseeiaonisai ni ng
product is not separated fromthe vapor prior to hydrotreatnent. Mich of
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havi ng a specicPREOFHEOr iteRntittgH]RPTO ¥ ddgdyidrqgen (o PermiKing 2008n| y, or a
specific upper limt and a specific lower Iimt is disclosed, the range

al so includes any nunerical value 30 "about" the specified lower limt

and/ or the speonfinuedslyppanedniitertlyjrevdingtydtezensulfide ththeahiaingszonave t heir
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it introduces. AIM5 1. A process, conprising: 5Sproviding a

hydr ocar bon-cont ai ni ng feedstock to a m xi ng zone, where the

hydr ocar bon- cont ai ni feedstock is selected to . contain.at.|least 20 w.%

yr ocar bons (RRHE BERuFrE, Mokt 960 bifor BRI QultlictGRRS: fhed ( n
accordance W tghe &%TMUMHH@Q&XD%%& alDROPEl M8 @f ArofBL APCGORDEMAMICaCat al yst

to the m xing zone; continuously or intermttently providing hydrogen to
the a0xi ng zonressure of fomt 6.AdBx 10270y MRattepnaducent | y provi di ng hydr ogen

sul fide to the m xi zone, l5where the dr n sulfide. i rovided to the
m xing zone at a nﬁ?gv?%qri%m@fm?@?ﬁg&é%%flf ﬁ%garteov aﬂ%%aﬁbeeﬁs‘it%r ovided to the
m xi ng zone of at li@asdrathielfhd the ?ressuli’é endinnge higinbyehoasn, hydrogen

sul fide, hydrocarbon-containing feedstock, and the catalyst in the m xing

zone at a tenper at (i & hydropuban-3zsicied deasigoaidaya campRoag py@esubensof from 6.9
MPa to 27.5 Mra to it %%qqﬁd at the temperature and pressure within the mixing zone;

25
continuously or intermittently separating at least a portion of the vapor from the
mixing zone while retaining in the mixing zone at least a portion of the
hydrocarbon-depleted feed residuum comprising hydrocarbons that are liquid
at the temperature and pressure within the mixing zone, wherein the vapor

30 separated from the mixing zone contains a first hydrocarbon-containing product

comprised of one or more hydrocarbon compounds that are liquid at STP; and
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a) a vapor conprised of hydrocarbons that are vaporizable at the
tenperature and the pressure within the m xi ng zone; and b) a
hydr ocar bwo-2depi7es3ed feed resi duum conpri si ng hydr ocar beas/ushati/oessel | i qui d
at the tenperature and pressure within the m xing zone; 25 continuously or

intermttentl separating at least a portiaqn of the vapor fromthe m xin
Jone whi | o 1 cHBTRTAE he MTKBEAPR canaelE the By Rugroging Bouaingte rpdice ™ ' "9
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at the tenperaturé and pressureé within the m xi ng zone, wherein the vapor
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product conpri.sed,qf, .gn e hydracarbon conpounds that .are liquid at
STP; and  vi0 301570 MBs Frchy Shsge frolsea secoid Py oo tsardi godiste.
contasting the first hydrocarbon-containing product with hydrogen and a

catal yst conprising a Coluntmm 6 nmetal of the Periodic Table or a conpound

thereof & a tldgpeecgseiclam ¥ wopremsbecitalysnmmpiringa Gelesw fracef frthein 3. 4
MPa to 27.5 MP ro - cont aj-ning. . uct. 5 2. The
process of cl é:?%l&)%év%haesggﬁ (ﬁrt ﬁﬁ%’?%g%g?ceésl&(g%%%?@g?’nsghég’ b%k%h%lp{ré)%?rdétg %I further
conprises a supiRaids thetef i al sel ected fromalumna, silica, titania,
zirconia, or mxtures thereof. 10 3. The process of claim1 or claim?2
wherein the catal yst conprising a Colum 6 nmetal further conprises a Colum

7-10 getal of 1ipe et é}f@l%mTﬁ &aifl] 2 GARRAM G c%ﬁ@fs?éﬁmplﬁin T&@ofﬁFM’@d of
claim1 or any of clalinms 2-3 erein any netal -containi ngg cat al yst

15provi ded t o nidtd fortlkéregnipases h@sluam 7atd dictay ohthefeasdic dtibleyor aompnuad

chem sor ption of aft nost 200 nnol ammoni a desorbed fromthe catal yst per
gram of catal y4°I5. The process of claim1 or any of clains 2-4 wherein at
| east one catal yst provided to the m xing zone conprises a netal or an

el ement of Colum 6, 14, or 15 of the 20Periodic Table or a conpound

t hereof dnd a Thetadthast ofzohaiel katanty afclaivb drn¢hyre® apy nretalsopfaining cRelystodi ¢
Tabl gs50"r @ Corf)nglf(rlle% t%r%ﬁer r%%ziflg zone has an acidity as measured by ammonia chemisorption

of at most 200 umol ammonia desorbed from the catalyst per gram of catalyst.

5. The process of claim 1 or any of claims 2-4 wherein at least one catalyst provided
to the mixing zone comprises a metal or an element of Column 6, 14, or 15 of the
20 Periodic Table or a compound thereof and a metal or an element of Column(s) 3 or

7-15 of the Periodic Table or a compound thereof.

6. The process of claim 1 or any of claims 2-5 wherein the metal-containing catalyst
provided to the mixing zone is comprised of a material comprised of a first metal
25 and a second metal where the first metal comprises a metal selected from the group
consisting of Cu, Ni, Co, Fe, Ag, Mn, Zn, Sn, Ru, La, Ce, Pr, Sm, Eu, Yb, Lu, Dy,
Pb, Sb,and Bi, where the second metal comprises a metal selected from the group
consisting of Mo, W, Sn, and Sb, where the second metal is not the same as the first
metal, wherein at least a portion of the material is comprised of the first metal and

30 the second metal has a structure according to formula (I)
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6. The process of claim1l or any of clains 2-5 wherein the netal - contai ning
catal yst provided to the m xing zone is conprised of a material conprised
of a firswormet2al7s®3and a second netal where the first meCaluScanpsisses a
netal selected fromthe group consisting of Cu, Ni, Co, Fe, Ag, M, Zn, Sn,
Ru, La, Ce, Pr, Sm Eu, Yb, Lu, Dy, Pb, Sb,and Bi, where the second netal
conprises a netal selected fromthe ggoup con§| sting of Mo, W Sn, and Sb,
where the second netal is not e s ma\a\? tEe’ rst tal, wherein at |east
a portion of the material is c rersed e fi nmetal and 30t he second
metal has a structure accordin \f%syl a /V@{

2012/ 078837PCT/ US2011/ 063881 [ \[>s I (1) where Mis
either the first metal or the second netal, and at Teast one Mis the first
netal and at least one Mis the second mefal. 5 7. The process of claim1l
any of clainms 2-5 wherein the netal -containing catalyst provided to the

m Xi ng zone isvlrem'rmiisséhlerohe airshaeer onthecesrpdinsatal, afd &t 1€dst ene Met al and a

second net al the first pri ses al selected fromthe
gr oup conS|st|?1§1‘(;5t‘St(lfrl],letallﬁna E*E%Stlf’ge gs?thﬁ/ﬁ?coﬁﬁm% Ru, La, Ce, Pr, Sm Eu,

Yb, Lg, Dy, 10Pb, Sb, and Bi, where the second netal conprises a netal
sel ected fromthe group consisting of Mo, W Sn, and Sb, where the second
metal is7not (Ihe Peeness efelaimel Ay eftclarmwsdry whsiginahe nmstal-cop@inieg eralast | s

compri sed of O\J@e%sth dd 'y I e%e&té i @@g&d%%grﬁ?ﬂéﬁal cb&ﬁegéhfdf% fﬁjs eERAT S
conprising a |rs ain e i nc In iTs an aV|ng a
structure accandhReeond nicaslntede (hblfirstaﬁaalacosrqma@a aleaill seledteiom theglougi ng
15t he second netal  and havi n% a st ructure accor di n% to formula (111

(1Y (1) consisting of Cu, Ni, Co, Fe, Ag, Mn, Zn, Sn, Ru, La, Ce, Pr, Sm, Eu, YD, Lu, Dy,

10 Pb, Sb, and Bi, where the second metal comprises a metal selected from the group
consisting of Mo, W, Sn, and Sb, where the second metal is not the same as the first
metal, and wherein the material is comprised of at least three linked chain elements,
the chain elements comprising a first chain element including the first metal and

having a structure according to formula (II) and a second chain element including

15 the second metal and having a structure according to formula (III)

(I1) (I1I)
where M! is the first metal where M? is the second metal
20 where at least one chain element in the material is a first chain element and at

least one chain element in the material is a second chain element, and where chain
elements in the material are linked by bonds between the two sulfur

atoms of a chain element and the metal of an adjacent chain element.

25 8. The process of claim 1 or any of claims 2-7 wherein the hydrogen sulfide
is provided to the mixing zone at a mole ratio of hydrogen sulfide to hydrogen of

at least 1.5:10, or at least 1:5, or at least 1:4, or at least 3:10, or at least 3.5 to

64



where ML is the first netalwhere M2 is the second netal 20where at | east
one chain elenent in the material is a first chain elenent and at | east one
chai n el ewerzp12/a1883he material is a second chai n el enent pCan$2ehosisschai n
elenments in the material are |inked by bonds between the two sul fur atons
of a chain eligent gnd%%ge nmetal of an adjacent chain elenment. 258. The
process of cl ALY of clains 2-7 wherein the hydrogen sul fide is
provided to the m xing zone at a nole ratio of hydrogen sulfide to hydrogen
of at least 1.5:10, or at least 1:5, or at least 1:4, or at least 3:10, or
at | east 93.5 flhe pt@esoof chaiml easanyfslai@s 2Hewherowebs hypdrocirbomedntaningny of
clains 2-9 Wnﬁr%l n %he hﬁdl’OCﬁ,I’ bon- Ccﬁptt i ni.n]?‘ feedilt ck is continuously
provi ded to t REIHORK R PERWCUSHFPYGERt e tynee 408G P@mé%%fi ded to the

n xi ng zone, hyaiR@ANypdfiddroitte H00hE POHRUEYIoRIOMIfieds tentidueudliy Xi ng zone,
and at least a portion of the vapor is continuously separated fromthe

m xi ng zone f dFOVadgselpitiRimbfingoncediyt atAgshp pergion pheepiapeias SOpfNUEPEym 1 or

any of clains 2- i . re i XA zone is selected
and controll eéglfa(?)at eﬁrgﬁ1 tﬂg%ﬁ%ng%g%e%)?tag)?ﬁ?%gg%ﬂ%g@h@%%. process of claim1l
or any of clains 2-10 wherein the conbined vol une of the

hydr ocar hon- deplk §i&@sd GRdhineBbIAHyf clai@s I8! Rhers@nhatedpeehrgadtiatiest , and the
hydr ocar bon-cont ai ni ng feedstock in the m xi ng zone defines a m xture

vol ud® in t he nhikiigrrgng tsrrelecigd dnd henttpligd de be bidnast 4% o atdeabeddSCock is
provided to the m xing zone at a rate selected to be at |east 400, or at
| east 500, or at |east 600, or at |east 700, or at |east 800, or at |east

900, or at. | eamk prLLRS KWdim 16 Ay drlegimk R W ehet&hURECdbihdE M Xi ng zone.
The process of claim 11l wherein the m xing zone is |located in a reactor;

the reactor haslungedbe Bydroeirberedenleied fsatiesidtny shametabFortpging catalyst,
hydrocarbon- ¢ ank ﬁiﬂﬁ%&%ﬂ?&ﬂ%ﬂg FeeHQS?H‘ﬁttﬁé ARk 2688 Ak Sy Alivite
Vi de o ne de |

initially pro e mXing z I nes an | ial  mxture vol une,

wher @5t he i ni tvoRImatinxhéligxing koiree andthe hgarodHbbe-cOTHmiig febdstdckas pavided! ume;
and where the m xture volune in the m xing zone of the netal-containing

catalyst, the JUIBEHITONC dbas ¥lPdda ek jeati®. ot Iqape>00; or at least
hydr ocarbon- g aini s BRCod & 1GRI S3RHPEeR o, oPUeleaR 108 KbRRRF R0 of the

initial mxture volune. The process OPPC| aim1l or any o

wherei n the fimsturhydonmean bemixorg zinai ng product has a sul fur content and
the sul fur content of the second hydrocarbon-containing product is at nost
10 wt. % of the sulfur content of the first hydrocarbon-containing product.

20 12.  The process of claim 11 wherein the mixing zone is located in a reactor;
the reactor has a reactor volume;
the combined volume of the hydrocarbon-containing feedstock and the metal-
containing catalyst initially provided to the mixing zone defines an initial mixture
volume, where the initial mixture volume is from 5% to 97% of the reactor volume;
25 and where the mixture volume in the mixing zone of the metal-containing catalyst,
the hydrocarbon-depleted feed residuum, and the hydrocarbon-containing feed is

maintained at a level of at least 10% of the initial mixture volume.

13. The process of claim 1 or any of claims 2-12 wherein the first hydrocarbon-
30 containing product has a sulfur content and the sulfur content of the second
hydrocarbon-containing product is at most 10 wt.% of the sulfur content of the first

hydrocarbon-containing product.
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WO 2012/ 078837PCT/ US2011/ 063881 14. The process of claim1l or any of clains
2-13 wherein the first hydrocarbon- containing product has a nitrogen

cont ent awo 20t278837r ogen content of the second hydrocar lpomAISeeILAGISBNQY
product is at nost 50 wt. % of the nitrogen content of the first

hydr ocar hgn-c ta| n|n roduct 15.. The cess .of c an of cl ai ns
D L uned O el ot iyt cbima Ry Sy e e ht MefraClnde

pol y-aromatic cbﬁt‘éfn‘ﬂ%@@ﬁbt%mﬁﬂﬂfé@n Ehiéfi@nd Bfeaifo fdioakat Qpﬂﬁe Q%hé' ni ng
product is at | east

hydrocarbon contammg product is at most 50 wt. % of the nitrogen content of the

first hydrocarbon-containing product.
15.  The process of claim 1 or any of claims 2-14 wherein the weight ratio of mono- and

di-aromatic compounds to poly-aromatic hydrocarbon compounds in the second

hydrocarbon-containing product is at least 4:1.
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